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Abstract 

This thesis investigates the phenomenon of environmental annoyance from waste 
management, specifically landfill odours. The research study identifies the scope and 
significance of parameters that influence the extent of impact and includes these in a 
framework that can be used to influence the design and development of a population 
response model for odours. 

The research design considers the physiological, lifestyle and location factors that 
influence exposure and response to landfill odour and addresses three research 
objectives: 

• To produce a framework within which a community based population response 
model could be developed. 

• Determine and demonstrate the variability of response within a popUlation 
exposed to landfill odour. 

• To determine and demonstrate how spatial and temporal factors also contribute to 
the differential exposure and response of individuals to odour pollution. 

The research activity involved the design and implementation of an odour monitoring 
panel. Volunteers were recruited in the vicinity of two landfill sites where they 
monitored daily for odours for three months. This programme provided information 
on their routine activities and exposure to odour at the time. 

The thesis concludes by noting the following: 

• Location and climatic factors may generate more variability (at this scale of 
sample) than interpersonal differences. 

• The results from laboratory experiments examining hedonic properties were not 
repeated in the external environment. 

• The response levels between males and females were inconsistent with current 
knowledge and research assessing gender differences in the ability to detect 
odours. 

Additionally, the research demonstrates how data on the detection of odour in 
communities could be included in research activity that links olfactometry and the 
experience of odour in the environment. 
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Chapter 1 

Public Perception and the Strategic Management of Landfill 
Odour 

1.1 Landfill Odour Pollution 

In the UK, approximately 371 million tonnes of waste is generated each year 
(NASCA 1996) and of this, 86% is disposed of to land at designated sites. This 
disposal process is referred to as landfilling. Until the 1930s, this process was largely 
uncontrolled leading to unsightly and inadequately managed fills (Baker et a1. 1984). 
This gave rise to, what Campbell (1992) referred to as a public attitude of a landfill 
being a '''dump' or 'tip"'. Today, landfills are subject to strict legislation demanding a 
high level of understanding about landfill processes and professionalism on the part of 
operators (Campbell 1992). Landfill sites are usually disused mineral extraction sites, 
although other locations, such as salt marshes and valleys have been used in the past 
(Baker et a1. 1984). Organic waste materials will decompose over time, often in the 
region of decades, to stable material (Baker et al 1984). However, it is during the 
intermediate stages of decomposition between collection of waste and its stabilisation, 
that release of odour causing chemicals takes place. This release, which can occur, not 
only at landfill sites, but waste treatment stations and transfer stations, can and does 
generate nuisance in surrounding communities. 

Landfill sites can have many other forms of impact on the surrounding environment 
including local communities. The landfill can be the emission point of gases and 
leachates (fluids evolved during waste breakdown) which can affect the local area, for 
example through contamination of soils and adversely affecting vegetation. The 
effects also include noise, traffic, windbome litter, vermin and aesthetic impacts. 

There are attempts made to control odours, such as use of cover materials or masking 
agents (see Section 4.4), but it is not clear how successful these strategies are. Odour 
production and release are dependent on many factors, such as the landfill itself 
(processes and conditions found within the waste material) and management practised 
by the site operators. Climate has a major impact on processes operating within the 
landfill site, and on management and emission of odour-causing compounds. There 
may be more than one emission point on-site, emission rates are unknown, and the 
odour may vary due to the various potentially odorous compounds that may be 
emitted in different combinations. This is a challenging situation for operators (see 
Section 4.4). 

1.2 The Research background 

Landfill sites have been described by Longhurst and Seaton (1999) as "rapidly 
changing, biologically active, engineered structures where attempts to ensure the 
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reliability of operational perfonnance can pose a significant management challenge". 
They developed a conceptual model of the interaction between the engineering issues 
at a landfill site and the communities affected by landfill odour emissions. This is 
shown in Figure 1.1. 

I SOURCE DISPERSION RECEPTION I 
Model 

Receptivity of \ 

engineering 
(

/ Landfill 

system ~""""-""""'-or--r-Y 
local ) 

cilizatS/ 

Resources cooswned 
component of perfoonance 

function 

(source: Longhurst and Seaton 1999) 

./ '---
"Fnvironmental" quality 
provided compooent of 
perfoonance functioo 

Figure 1.1: The interaction of the landfill engineering system and the social 
system 

It can be seen that there are two elements present, the landfill engineering system and 
the receptivity of local citizens. They are linked by the process of transportation or 
dispersion of odour emitted by the landfill site to locations where the odour can be 
detected by local people. This link is far more complex than this simple statement 
may suggest. The odiferous gases emitted by landfill sites are the product of a variety 
of processes operating within the site. These gases are released into the atmosphere, 
where they can be transported some distance from the landfill. Whilst undergoing this 
transportation process, the gases may undergo dilution or physico-chemical change, 
due to, for example interaction with other atmospheric components or sunlight, 
deposition or decomposition (see Section 4.4). The product of these processes, 
potentially altered odiferous gases is delivered to individuals, who mayor may not be 
able to detect and respond to them (see Chapter 2, Sections 3.2 and 3.3, Section 4.4). 
This detection and response is referred to as "receptivity" by Longhurst and Seaton 
(ibid). This term was applied initially to the response of industrial organisations to 
innovation and to "address the social and organisational perspectives oftecbnology 
impact" (Longhurst and Seaton ibid). The authors go on to say that the tcnn has been 
applied to other phenomena, and now to landfill management and impact. The model 
shown in Figure 1.1 was extended by Longhurst and Seaton (ibid) into the conceptual 
model shown in Figure 1.2, which takes into account the social and economic trade­
offs between management of odour on landfill sites and the responses of affected 
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communities and regulatory bodies and other public agencies. Figure 1.2 overleaf 
presents the whole model as developed by Longhurst and Seaton. This thesis is 
located within this wider model and the concept of receptivity. The specific area of 
interest of this thesis is the shaded area at the bottom and right-hand side of the figure. 
The shaded area represents the environment of the research and the blocked in and 
bold boxes represent the specific area of the research. 

The area of interest in this thesis is therefore about consequences of the "delivery" of 
odour to specific areas and the extent of the impact it has. This impact is dependent on 
time, duration and the intensity of the odour at locations outside the landfill site. It is 
also dependent on the spatial and temporal distribution of people surrounding the site, 
and, importantly, their varying sensitivities to odiferous gases. It will be shown in this 
thesis that odour impact from landfills is dependent on spatial and temporal factors 
(see Chapter 3) and the diverse attributes of individuals (see Chapter 2). It will be 
proposed that the interrelationship of landfill odours and individuals, and the impact 
they have on each other could be estimated or predicted through the use of a 
population response model. By using such a model, it should be possible to gauge the 
effects on levels of annoyance and loss of amenity by changes in landfill management 
and operations. Or conversely, estimate the impact on landfill management by 
changes in levels of detection of odour caused by changes in the population 
surrounding the landfill site. Firstly, in this Chapter, there will be a review of these 
factors before they are examined in further detail in Chapters 2 and 3. 

1.3 Transportation and Transformation 

A landfill site can be regarded as the source of the pollutant, in this case odour. It is 
the first stage of a three-stage process leading to response to odours by individuals and 
communities (Longhurst and Lemon 1996, Longhurst and Seaton 1999). This three­
stage process is shown in Figure 1.3. 

The first stage, related to the source and emission of odour, falls almost completely 
outside this thesis. It is of interest, however, as it is the source of the problem. The 
second stage of the process is the attenuation or dispersion stage. This also falls 
outside the immediate area of the thesis, but is important, as it is the means through 
which the problem of odour pollution occurs. This phenomenon between the source 
and its reception is the transportation of the odour plume including its possible 
transformation due to physical and chemical processes. In the case of odour, whilst the 
compounds travel through the atmosphere, they may decompose, undergo reaction 
with other atmospheric components or become diluted with non-odorous air. Atlas et 
a1. (1993) relate how organic chemicals, which may include odour-causing 
compounds present in the atmosphere, can be transported and diluted. They also 
highlight the reactions such chemicals may undergo. For example, they may react to 
form more stable species, oxidise to form more soluble compounds and be removed 
by precipitation, undergo photolysis or deposition. They state how the fate of organic 
chemicals can be dictated by levels of sunshine, the presence of oxidising agents and 
the time of day. This results in the odour emitted from the landfill site potentially 
changing as it travels through the air before it reaches a recipient. Studies are in 
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. the research area of this thesis 

4 



Source -+ Attenuation! -+ Receptivity 
Dispersion 

Figure 1.3: The three-stage process of environmental pollution impact 

progress to understand further the behaviour of atmospheric contaminants, but the 
complete picture is unlikely to be obtained in the near future due to their complexity 
(Duce et al. 1983, Atlas et al. 1993). Attempts have also been made to simulate the 
dispersion of pollutants by mathematical models. These are used to assess the 
movement of pollutants through the atmosphere and to provide estimates of the 
concentration of the pollutant at selected points away from its source (see, for 
example Baker and MacKay 1985; Zeiss and AttwaterI993). 

The final stage of the process is that of receptivity, where the odour is detected by 
humans, generating a response. This is the area in which this thesis is located. There 
are varying levels of response due to a range of factors not just those operating at the 
source and during dispersion, but "human" factors. These are the personal attributes of 
individuals found in the community. These include their physiology, lifestyle and 
activities, and attitude to the odour source. Odour perception may lead to the 
individual undertaking a variety of avoidance activities. These may include coping or 
avoiding strategies such as going indoors or closing windows. They perceive a loss of 
amenity, or others may perceive this loss as such e.g. a blighted area. Furuseth (1990) 
reported in his study that respondents to his survey reported problems with noise, 
odour and reduced property values. They may respond by making complaints to 
landfill operators or to local authorities. The individual will have their own personal 
experience of frequency, duration and intensity of environmental odour. An additional 
factor affecting odour exposure will be the length of time an odour is present at a 
particular location. As Diaper (1987) questions "Is a 5 second exposure to an odour, 
say, every 5 minutes as annoying as a 1 second exposure to the same odour at the 
same concentration every minute?". These qualitative aspects are perhaps best 
addressed by asking individuals potentially affected by odour pollution. 

1.4 Social Surveys versus Physical Measurement 

Frequently, the problem of the issue of odour pollution only comes to light in the 
wake of complaints being made, either to landfill operators or to other bodies such as 
local councils. They are commonly used to define the extent of the nuisance generated 
by odour. However, it is argued in this thesis that complaints have only limited 
usefulness in identifying the extent of odour nuisance and that in fact the distribution 
of odour impact may be quite different to what is implied by complaints. Attempts to 
ascertain the nature or extent of odour pollution impact is to use instrument-based 
methods, such as GC-MS (Gas Chromatography and Mass Spectroscopy) or 
dispersion modelling, or use of "sensory" methods using complaints, social surveys or 
monitoring panels of volunteers. These methods are reviewed in far greater detail in 
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Sections 3.2 and 3.3. Each approach has its advantages and limitations. In odour 
impact studies usually only one type of technique is used, which can lead to an 
incomplete picture of impact being produced. It is seldom that more than one 
technique is used in a study, however advantageous that may be. Bruvold et al. (1983) 
used social surveys and measurement of odiferous gases in ambient air, but such a 
practice to combine sensory and instrument-based methods is unusual. Van Harreveld 
(1997) conducted a survey of potential odour impact using only a dispersion model. 
This practice is far more the norm. An appropriate method to assess odour impact is to 
ask the affected communities what their experience of odour is, but this is seldom 
done. This could be a result of the difficulty of modelling the extent of odour impact 
from a community-based perspective. 

Within this thesis, the author proposes that, in order to understand fully the nature of 
the impact of a pollutant on an individual or community. it is necessary to examine the 
response to such levels of pollutant exposure by surveying the community. It should 
be noted that the impact would vary, not only due to environmental factors, but also to 
personal attributes and activities of individuals in these communities. This study is 
designed with the intention of attempting to understand how personal factors affect 
exposure and an individual's response to pollution and gain greater insight into 
community impact. It will then go on to develop an approach or method by which 
population response to odour can be modelled. The data would be derived from the 
community and based on response of the individual to odours. This is in contrast to 
the quantitative data associated with measurement at the odour source, such as 
concentrations of odour causing compounds, or the identification of odour causing 
compounds and measurement of their concentrations in the laboratory. The method 
for this research is presented in the next section. 

1.5 The Research Method 

As shown by Longhurst and Seaton, there is a need for a defined method for odour 
impact assessment that is based not solely on emission rates at source and 
concentration at distance, which would be undertaken using physical measurement. 
The response at the point of impact, namely a settlement or individuals within that 
community should also be included in the assessment. However, assessment of this 
response is difficult to undertake, due to the differing attributes of individuals. These 
attributes include physiological factors and lifestyle, as well as their location. It is 
proposed in this thesis that a population response model can be developed in order to 
assess community exposure and response. Development of such a model would refer 
to, and include, knowledge and methods from several areas. 

Firstly, knowledge of the physical environment, including the odour source. Secondly, 
understanding of instrument based and sensory (human) methods used to assess odour 
and pollution it may cause. Finally, an understanding of exposure and responses to 
odour pollution, including factors affecting exposure and response. By pulling 
together these diverse strands, scientific and social research can be linked to produce a 
population response model. These linkages are shown in Figure 1.4. Input from the 
"Environment including the odour source" would include an understanding of the 
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processes associated with the landfill and monitoring and measurement of odour at the 
source and in the environment. It also includes an understanding transportation and 
transfonnation of odours in the environment. This strand sits outside the thesis per se, 
but provides the background in which odour pollution occurs. 

The second strand, "teclmiques for pollution assessment", includes the use of different 
techniques for odour pollution measurement or estimation of impact. This area falls 
partially within the area of the thesis. Olfactometry, the testing of the individual's 
sense of smell and qualities of odour (see Section 3.2) falls within the area of this 
thesis and so falls partially in the shaded area in the diagram. The third strand, 
"Pollution impact and human exposure and response" relates directly to this thesis­
hence the modelling response box falls within the thesis area. By its very nature, such 
research is interdisciplinary in nature, drawing as it does from diverse areas of 
research. Such a model can be used in tandem with measurements made at source and 
dispersion modelling to ascertain odour pollution impact at all stages from production 
and emission to exposure and response. This practice of combining community 
response and measurement and estimation of impact using dispersion models could be 
referred to as an interdisciplinary method. 

The 
Environment 

including 
odour source 

Pollution Impact 
and human 

exposure and 
response 

Instrument 
based and 

sensory 
techniques for 

pollution 
assessment 

Monitoring 
source and 

environment 

Use of 
dispersion 
models and 

olfactometry 

Measuring and 
modelling response 

Figure 1.4: The three major areas relevant to an interdisciplinary method of 
odour assessment and how they are linked to this thesis 
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The recognition and use of such perception-based information has been recognised in 
other areas of research. Hadfield (1997), for instance, examined such information in 
her work on asthma and perception of air quality. This work was conducted in 
Bedfordshire and examined a number of sources of air pollution, primarily that arising 
from traffic pollution. 

1.6 The Research question and objectives 

The research question within which this research is placed is 

To what extent do physiological, lifestyle and locational factors influence exposure 
and response to landfill odour? 

In addressing this question, the research activity is concerned with identifying factors 
or attributes related to individuals that could be included in the development of a 
framework on which a population response model could be based. Such a model could 
be used as part of an interdisciplinary method. This method would combine both the 
quantitative and qualitative approaches of odour measurement and movement with the 
experience of odour pollution amongst individuals. Only such an interdisciplinary 
method can clarify the complex relationship between the source, the odour in the 
environment and the response provoked in the popUlation. The ultimate objective of 
this thesis is to take steps to identify parameters affecting odour exposure and 
response and propose a framework for a potential model of response. The research 
objectives arising from this are: 

• Objective 1: The main objective is to identify attributes affecting the exposure and 
response to odour within a community. These attributes could then be included in 
a potential response framework that could be used to identify communities and 
members of communities at more or less risk of exposure and impact to odour. 
Suggestions are made on how this model, when integrated within environmental 
assessment procedure could be used as a tool to assist landfill management, 
planning and policy regarding environmental impact and nuisance. 

• Objective 2: To measure and demonstrate the variability of response within a 
population exposed to odour. It will be shown that variability arises from 
physiological, psychological and behavioural factors. These factors will be shown 
to be important determinants in the individual's experience of odour. 

• Objective 3: To measure and demonstrate how temporal and spatial factors also 
contribute to the differential exposure and response of individuals to odour 
pollution. 

1.7 Outline of the Thesis 

One of the main activities in this thesis is that of measuring the variability in detection 
and response to odour found in a population that is exposed to landfill odour. Using 
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this data, attributes affecting exposure and response to odour are identified. A possible 
method on which a population response framework could be developed and utilised is 
illustrated. The thesis proposes an interdisciplinary method for odour impact 
assessment, which would utilise emissions data obtained from landfill sites, dispersion 
modelling and population data on exposure to odour. Figure 1.5 presents an outline of 
the structure of this document. 

• Chapter 2 provides a review of what is known of the factors that are known to 
affect the sense of smell in the individual. This includes not only examining 
factors, such as health and age, but also how attitude and experience may affect 
perception. Two arguments will be proposed. 
Firstly, that odour pollution is more complex than simply the presence of odour 
and people at the same location at the same time. 
Secondly, that what an individual perceives is a product of the interaction of 
physical, psychological and behavioural phenomena, not solely a product of 
concentration of a particular chemical at a particular location. 

• Chapter 3 presents infonnation on several key areas of odour research. These are 
tenninology, and instrument and sensory ('human') techniques used in odour 
assessment. The uses of monitoring panels are examined in detail, as a fonn of 
panel was used for the research. 

• Chapter 4 develops the research issue, questions and objectives. This includes the 
identification of the two groups of key concepts in the research. These are 
a) environmental factors, namely physical (related to the source), temporal and 
spatial. 
b) factors relating to the population experiencing odour and include physiological. 
psychological and lifestyle factors. 
The choice of research of techniques is discussed. This includes a reiteration of 
techniques available and arguments for the use of a monitoring panel. The case 
study, landfill odour pollution, is presented. The reasoning behind the decision not 
to use an atmospheric dispersion model is also given. The design of the research 
activity is further detailed. 

• Chapter 5 introduces the context of the research activity, namely landfill odour in 
the Marston Vale area of Bedfordshire. It identifies previous research in the locality 
and how infonnation from this earlier work generated the research questions and 
activities for this thesis. The questions arising from the earlier research led to the 
production of a conceptual device, an • odour perception tree'. This was used to 
identify the processes influencing whether a monitor on a panel reported an odour 
or not. On the basis of the research questions and the monitoring tree, the details of 
the research design are provided. 

• Chapter 6 provides infonnation on the design and use of the odour-monitoring 
panel. This includes how monitors were selected, their olfactory ability tested, 
instructed on what monitoring involved and how they monitored. The way the 
results from individual monitors were to be broken down for assessment is 
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presented. Validation of monitors' reports is also examined. One method used was 
comparing the cloud and visibility conditions recorded by monitors when they made 
their reports to other reports made at the same time. Comparison of monitors' reports 
with wind direction and wind speed as a means of attempting to assess the accuracy of 
reports is also discussed. 

• Chapter 7 relates the results arising from analysis of the reports submitted by the 
monitor panel introduced for this research. The results will be examined from the 
perspective of individual monitors and groups of monitors with different 
attributes. This includes discussion of reporting intensity values and inclusion of 
appropriate statistical tests. It will be demonstrated that detection and response of 
odour is a product of the interaction of the key components first identified in 
Chapter 4 (research objective 2). 

• Chapter 8 examines the variability in detection of odour found in settlements across 
the Marston Vale (research objective 3). 

• Chapter 9 relates the efforts made to assess the consistency of monitors' reports. 
This was undertaken in a number of ways. By examining the reporting patterns of 
long-term and new monitors; examination of monitors' absence levels; results of a 
post-monitoring questionnaire; relationship of complaints and reports; weather 
descriptions made by monitors, and comparing reports with wind speed and 
direction. 

• Chapter 10 describes a possible popUlation response framework could be 
developed based on the results related in Chapters 7 and 8. It will be indicated 
how levels of exposure could be estimated or predicted for different types of 
individual by use of such a framework (research objective 1). 

• Chapter 11 commences by re-examining the research questions and objectives. The 
procedures used in odour impact assessment studies are reviewed and discussion 
will then move on to examine an interdisciplinary method of odour assessment and 
how it could be implemented. The chapter concludes with a summary of the 
location of this research to other areas and recommendations for further study. 
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Chapter 2 

Perception of odour: the individual and the community 

2.1 Introduction 

The levels of exposure to odour that an individual experiences, their ability to detect 
odour and their response to it may vary greatly. This variation may arise due to the 
odour's properties, such as its concentration, its detection threshold and its aesthetic 
or hedonic properties. An odour's detection threshold is the boundary on the physical 
concentration scale between the values where the odour is detectable or is not 
detectable (Engen 1982) (see 3.2.2). Odour aesthetics or hedonics refer to the odour's 
qualities or pleasantness or unpleasantness perceived by an individual. This can be, as 
Engen (ibid) suggests, a difficult area to assess, as individuals can vary in their 
preferences relating to odours, but it is important in the area of odour nuisance (see 
3.2.3). However, the attributes of each individual may also affect exposure levels and 
annoyance caused. These attributes can be divided into three distinct groups. These 
are physiological attributes, that is the nature of the indi vidual's sense of smell, their 
psychological attributes, which includes their opinion of the source and how much 
annoyance is experienced and their lifestyle and how it affects their exposure to odour. 
Each individual may also experience external influences that may influence their 
response. These attributes are examined in this chapter. 

When an odour is present, any exposed individual must be able to sense or smell the 
odour in order to respond to it. It will be shown in Section 2.2 that there are a number 
of factors that may affect the individual's sense of smell. These include factors such 
as aging, health and exposure to dusts and chemicals. These factors operate on the 
individual's sense of smell, which in itselfis unique, being inherited from parents and 
grandparents. All these components can be referred to, as above, as physiological 
components. As different individuals may have markedly different olfactory abilities, 
their ability to detect and respond to odours will also vary. What annoys one person so 
greatly that they are motivated to complain, may not be detectable to their neighbour. 
The sense of smell fonns the first part of the sequence leading to detection and 
response to odour. 

However, the ability to detect an odour is not the only factor to consider when 
attempting to study odour impact. Odour perception has a psychological component in 
that it can generate an emotional response. This makes it a unique air pollutant. Engen 
(1982) describes such a response recounted in a James Herriot novel. Herriot left his 
new wife to join the RAF during World War II, which was a painful experience. His 
wife had packed his bag, including a famous brand of soap. He used that soap on his 
first night away. He wrote later "I have never been able to use that soap since. Scents 
are too evocative and the merest whiff jerks me back to that night away from my wife, 
and the empty feeling 1 had then." This is a classic response to odour. Not merely is 
response a case of detecting an odour, it is also a value laden one. There will be a 
psychological response as well as a physiological one. This part of the overall 
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response will be based on experience of the odour, which would include, for example, 
the frame of mind of the individual and their opinion of the odour source. The 
psychological factors to response will be examined in Section 2.3. 

Also discussed in Sections 2.2 and 2.3, is the other major component of response to 
odour and that is the lifestyle of the individual. Lifestyle will dictate how frequently 
and when they will be exposed to odour. For example, an individual out of doors 
frequently may experience greater levels of exposure than someone indoors (see 
Section 2.2). This would contribute to their experience of the odour and their attitude 
to it and its source. 

All these factors, physiology, psychology and lifestyle, form the background to the 
ability to sense and respond to odours. It will be seen from the discussion in the 
sections below, that these factors can vary between individuals and therefore the 
experience of odour between individuals in the same community can also vary. It will 
become apparent that the assumption of a community's response to odour pollution as 
the same is questionable. 

2.2 Physical factors affecting odour response In the Individual 

The physical factors affecting an individual's sense of smell are examined in some 
detail in this section. These factors are summarised in Table 2.1. The table illustrates, 
firstly there are a number of factors which affect olfaction, and secondly, that these 
factors can vary in their effect, for example affecting the ability to discriminate 
between different odours or loss of olfactory ability (anosmia). The section 
commences with a brief summary of the sense of smell in humans. 

2.2.1 Tbe sense of smell in bumans 

What is referred to as 'the sense of smell' is in fact made up of two components. 
These are olfaction and sensory irritation (US Board on Toxicology and 
Environmental Health Hazards 1980, Shusterman 1992). 

Olfaction begins when odour-causing molecules are trapped in moist nasal mucus 
covering the olfactory epithelium. The olfactory epithelium is 75J.lm thick and 
consists of three different types of cell. These are odour receptor cells (of which 
humans have around 10 million), supporting cells and basal cells (Engen 1982). The 
molecules undergo diffusion to the cilia of the olfactory receptor cells on the first 
cranial (olfactory) nerve, triggering the generation of nerve impulses to the brain. 
Each receptor cell acts independently of its neighbours, possibly to maintain a 
continued response to the presence of an odour (Engen 1982). There are two schools 
ofthought on olfaction. It is thought, on the one hand, that receptor cells will 
'recognise' specific odour-causing chemicals (Shusterman 1992). Alternatively, other 
researchers argue that receptors will be involved in detecting different odours (Engen 
1982). Results from experiments in this area are notoriously difficult to interpret. 
During 'quiet breathing' (US Board on Toxicology and Health Hazards 1980), only 
3% of odiferous material will reach and make contact with the olfactory area, set high 
in the nasal cavity away from the main respiratory tract. In order to increase the 
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quantity of odiferous material reaching this area, sniffing, a conscious drawing of air 
into the nose, is required. Olfaction has many dimensions including intensity, 
qualitative odour identification and aesthetic (hedonic) classification (Shusterman 
1992). These properties are discussed in greater detail in Section 3.2. 

Factor affecting odour Individuals affected by Effects of these factors 
perception factors 

Age Children Children under 2 yean 
show no hedonic 

preferences 
Children 3 yean and 

over start to state 
preferences similar to 

adults. 

Elderly Elevated odour detection 
tbresbolds 

Rapid adapdon 
Failure to discriminate 

Health Individuals with various Various efTects, 
bealtb problems e.g. astbmatlcs bave 

elevated odour sensldvlty 
bead Injury can cause 

anosmia 
Gender Females Reports of females 

baving blgber sensldvlty, 
e.g. lower detection 

tbresbolds 
Environment Employment Occupational exposure to 

materials can afTect 
olfactory ability 

Smoking May be less sensldve to 
some or most odoun, 
e.g. bieber detecdon 

thresholds, or complete 
loss of ability to smeU 

odoun 
Adaption Individuals exposed to May cause failure to 

odour perceive odour 

Table 2.1: Summary of facton afTecting the ability to detect odour 

Sensory irritation is detected by the trigeminal system, located in the nasal cavity on 
the fifth cranial nerve (it has a counterpart in the lower respiratory system on the 
vagus nerve). This system is responsible for the perception of irritancy and pungency 
in the sense of smell and taste (Shusterman 1992). Odiferous materials that cause 
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irritation, tickling or burning sensations stimulate the trigeminal receptors. The system 
facilitates protective reflexes when the individual is exposed to irritants that could be 
injurious to health. These reflexes include rhinitis, lacrymation, reduction of breathing 
rate and breath holding. 

The ability to sense odours and the responses they elicit can vary markedly between 
individuals. This variability of response arises due to both physiological factors and 
attitude. Both of these groups of factors affecting the sense of smell will be discussed 
below. It should also be remembered that the sense of smell of an individual may vary 
on a daily basis. This has been suggested as a cause of variable results in odour 
perception trials undertaken by Stevens, Cain and Burke (1988). They argued that 
apart from aging and health effects, the variable results seen in odour trials may be the 
product of intra-individual variability of response with time. This generates serious 
implications for those interested in controlling odour emissions or effects. or those 
trying to assess the impact of odour pollution if the response of an individual can vary 
on a short-term basis. There is, however. a great deal of information suggesting that 
this may not be the only reason for variation of response in odour trials. 

2.2.2 Age and the sense of smell 

Unlike other factors discussed in this section, it is widely agreed that the sense of 
smell in an individual will vary during their lifetime. Olfactory perception declines 
with aging, usually from around the age of 60 (Schiffman 1992, Shustennan 1992). 
Loss will become more marked at around 70 years. There are three major classes of 
olfactory loss: anosmia (no sense of smell, see Section 2.2.3). hyposmia (reduced 
sensitivity to smell) and dysosmia (distortion of normal smell) (Schiffman 1992). 
Hyposmia is rare, for example it affects around 2% ofthe general population of the 
United States; complete anosmia is rarer still, affecting 0.2% (Amoore 1986). 
Dysosmia, distorted olfactory perception. can take a distinct form referred to as 
cacosmia, where the distortion is unpleasant in nature (Morresi et al. 1975). 

The elderly display the following problems with smell. 

• Firstly, they will perceive odours at higher detection thresholds than younger 
individuals. Experiments carried out by Schi ffman (1992) showed that thresholds 
were 7 to 8 times higher for mineral oil in seventy-year-olds than twenty-year-olds. 
Elevated thresholds have been recorded for a variety of odours including n-butanol, 
menthol and food odours (Schiffman 1992). Thresholds have varied between 2 to 
10 times higher for the elderly than younger people. 

• Secondly, the elderly have a reduced ability to estimate the magnitude of the 
concentration for a variety of odours, pleasant, neutral and foul in nature 
(Schiffinan 1992). 

• Thirdly, they have a reduced ability to identify odours (Schiffinan 1992). 

• Fourthly, they have a reduced ability to discriminate between odours and finally, 
will adapt, or 'become used to' an odour more quickly than younger subjects. In an 
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experiment conducted by Schiffman, adaption was shown to be complete after four 
sniffs in older subjects as opposed to 8 to 16 sni ffs in the young. These factors have 
been demonstrated experimentally, using a variety of odiferous materials 
(Schiffman 1992). 

The causes of this olfactory loss are linked to changes in the anatomy and physiology 
of the olfactory system. They include structural alterations in the olfactory epithelium 
and atrophy in the olfactory bulb and nerve. 

There has been comparatively little research carried out into the sense of smell in 
children (Wysocki et at. 1992). What has been reported suggests that children are as 
sensitive to odours as adults, but researchers have concluded that children do not have 
aversions to odours found offensive to adults. This may be the result of children being 
more tolerant of odours than adults or their range of hedonic experience being less 
than adults (Wysocki et al. ibid). It is believed that children begin to acquire odour 
preferences from late infancy onwards (Wysocki et al ibid.). 

2.2.3 Health and the sense of smell 

The physiology and health of an individual may affect their sense of smell. As with 
qualities such as eye colour, our sense of smell is inherited. This may result in specific 
anosmia, what Dodd (1980) has described as 'an olfactory analogue of colour 
blindness'. Simply, this describes the inability of an individual to detect certain types 
of smell. This arises from their not having particular types of odour receptors or 
having altered receptors present in the nasal cavity (Wysocki et al. ibid.). It is thought 
that some individuals however may experience anosmia at lower odour concentrations 
only. They may be able to detect an odour, but at markedly higher concentrations than 
most (Wysocki et al. ibid.). This phenomenon is termed hyposmia. 

The health of the individual is known to affect odour perception. Diverse medical 
conditions such as head trauma, Migraine, Multiple Sclerosis, cirrhosis of the liver, 
Diabetes mellitus, Sinusitis and polyposis, viral infections and psychiatric disorders 
are known to affect the sense of smell (Schiffman 1992). For example, head injuries 
are known to trigger anosmia and viral infections, such as colds and influenza can 
cause parosmia. Cacosmia can arise from decomposing tissue associated with oral or 
sinus infections. Increased sensitivity to odour can result from bronchial asthma or 
from pregnancy (Shusterman 1992). 

Drugs will also affect the sense of smell. There is a wide range of medication involved 
in such effects. They include anesthetics, such as cocaine hydrochloride, anti anginal 
drugs and vasodilators such as dilitiazem, antimicrobial drugs such as streptomycin, 
opiates and sympathomimetic drugs such as amphetamines. For example, cocaine is 
believed to affect the olfactory epithelium and cause anosmia. Radiation therapy to 
the head can also affect the sense of smell (Schiffman 1992). 

2.2.4 Gender and the sense of smell 

Reports have differed on whether the sense of smell between men and women varies. 
Shustennan (1992) reports in his review that females are found in most studies to be 
more sensitive to odours than males. This is confirmed by Cheremisinoff (1992). 
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Koelega and Koster (1974) investigated differences in olfactory ability between men 
and women. They found that women were more sensitive to a wide range of odours 
than men. They found larger differences in perception occurred in what they termed 
'biologically meaningful' materials than with 'neutral' ones. Interestingly, differences 
in perception between the sexes did not occur in children or adolescents. 

2.2.5 Degradation of the sense of smell 

There are a number of factors that are under the control of the individual to varying 
extents that may affect his or her sense of smell. The first factor is occupational 
exposure to materials such as various organic and inorganic chemicals, metals and 
dusts known to affect olfactory ability. 

Exposure to materials affecting olfactory ability can be acute, lasting seconds, minutes 
or hours, or chronic, lasting months or years, in nature (Amoore 1986). Acute 
exposure can cause temporary hyposmia (lasting minutes), recuperable hyposmia 
(lasting weeks) or permanent hyposmia (lasting years). Chronic exposure can cause 
recuperable or pennanent hyposmia (Amoore 1986). There are many materials and 
processes responsible for olfactory damage. Metallic processes causing permanent 
hyposmia after chronic exposure include zinc and steel production and nickel and 
silver plating. Dusts that can cause permanent hyposmia include cement, printing. 
hardwoods, chalk and potash. Non-metallic inorganic compounds that can affect the 
sense of smell include carbon monoxide, sulphur dioxide and oxides of nitrogen; and 
organic compounds include benzene. menthol. chloromethanes and trichloroethylene 
(Emmett 1976. Amoore 1986). Emmett (1976) related the case history of an otherwise 
healthy pipeworker who experienced olfactory problems after exposure to a variety of 
solvents, such as acetone. Not only did this individual experience elevated detection 
thresholds for certain types of odour, by also problems with taste and cacosmia, 
unpleasant sensations when exposed to perfumes and certain fumes. This was, as 
explained by Emmett, a typical case of olfactory damage resulting from exposure to 
industrial chemicals. 

The pathological basis for hyposmia after occupational exposure to such materials can 
take three forms (Amoore 1986). Respiratory or mechanical hyposmia can result from 
blockage of the upper airways by, for example tumours, polyps or oedema. Secondly, 
there is essential hyposmia, resulting from damage to the olfactory mucosa and 
nervous receptors and thirdly, central or intercranial hyposmia where the olfactory 
bulbs or brain are damaged .. 

The second behavioural factor believed to affect the sense of smell is smoking. There 
is some conflicting evidence as to how important this factor is. Venstrom and Amoore 
(1968) carried out experiments to ascertain if age, gender or smoking affected 
olfactory ability. They reported that smokers had marginally reduced detection 
thresholds for two odour-causing compounds out of a range often selected for the 
experiment. The authors did not state what these odour-causing compounds were. 
Amoore (1986) wrote that smoking will not affect sensitivity to odour, but went on to 
say that extreme use of nicotine will cause chronic hyposmia. AhlstrOm et al. (1987) 
examined olfactory perception in groups of smokers, passive smokers and non­
smokers using two test substances, n-butane and pyridine. Their results showed that 
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smokers had reduced sensitivity to both odours. They suggested two alternatives for 
these results. Firstly, that smokers were used or habituated to odour. They defined 
habituation as 'the cessation of a response because of a learned adjustment to a 
stimulus situation as distinguished from a decrement in sensitivity to it'. The results 
obtained from smokers were similar to those obtained from individuals overexposed 
to motor oil odour. Alternatively, and the authors suggested that many would prefer 
this interpretation, smokers have a reduced ability to detect odour, that is hyposmia. 
Ahlstrom et al. went on to discuss experiments showing that smoking has no effect on 
smokers' sensitivity to 3 odour-causing compounds, butyric acid, triethylamine and 
ethyl mercaptan, both components of landfill odour. Passive smokers reported odours 
as being weaker than the nonsmokers. Shusterman (1992) in his review reported that 
the current feeling of researchers is that smokers wi1\ experience reduced sensitivity to 
odours. Cheremisinoff (1992) also reported that non-smokers have greater sensitivity 
to odour. Koelega and Koster (1974) found in their experiments in examining 
differences into olfactory ability between men and women that their results were 
affected slightly by smoking, smokers having reduced sensitivity to odour-causing 
compounds. 

2.2.6 Exposure to Odiferous Sources 

The next factor to be considered does not directly relate to the individual's ability to 
detect odour but may influence the level of their exposure to it, and that is their 
lifestyle. In order explain this, it is necessary to examine the impact of another 
atmospheric pollutant, namely ozone (0). It is believed that levels of ozone arc lower 
indoors than outdoors due to scavenging of ozone by indoor surfaces and lack of 
internal sources (Lippmann 1989). Individuals who are frequently out of doors 
experience greater levels of exposure than those who are not. Similarly, in the case of 
odour, a similar picture may arise. Individuals may be more likely to experience 
odours out of doors than indoors, due to deposition or reaction of odour causing 
compounds with surfaces of buildings and other materials (Summer 1971). This may 
mean that an individual who, for example, is outside gardening may experience odour 
more frequently than a neighbour who does not go outside as frequently or for as long 
a time. Although the potential for odour nuisance may be the same for both 
individuals, their lifestyle may explain why one person may experience nuisance and 
the other not. The same could be said for individuals who arc frequently away from 
home and therefore away from an odour source. They may experience less odour 
nuisance than someone who is at home more frequently. Alternatively, they may 
perceive odour more frequently as they are not habituated or 'used to' an odour. This 
is discussed further in the next section (Section 2.3). Interestingly, ozone can be used 
as an odour-masking agent. It acts, as Cain (1980) states, either as an 'olfactory 
anaesthetic' or is able to react with odiferous compounds (ozone is extremely 
reactive), altering their odour qualities. It is possible, therefore, that the presence of 
other atmospheric compounds may affect odour perception, either by affecting the 
individual's ability to perceive odour or by interfering with the odifcrous compound 
itself. 

Apart from levels of exposure to odour, there are two other factors to consider when 
considering the impact of odour pollution. These are adaption to odour and how the 
judgment of an individual may influence their assessment of how badly they are 
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affected by an odour. Adaption is discussed below and in Section 2.3. Individual 
judgment is discussed in Section 2.3. 

2.2.7 Adaption 

Cheremisinoff (1992) explains that there are small variations frequently taking place 
in the environment. In order to accommodate these changes, an individual will 
unconsciously alter their response. If an odour produces a certain stimulus in the nose, 
with continued exposure sensitivity to this particular stimulus will decline. This is 
termed adaption. With high odour concentrations this decline occurs quickly 
(Cheremisinoff 1992). At extremely high levels, certain odiferous compounds, such as 
hydrogen sulphide (H2S), can induce the phenomenon of olfactory fatigue or 
paralysis. This means that an individual is unable to detect the odour at all 
(Cheremisinoff 1992, Shusterman 1992). 

However, as Cain (1980) observes the usual experience of odour is one where 
although adaption takes place, an odour may still be perceived for as long as it is 
present. That, as Cain stated' ... perceived magnitude showed no inclination to decline 
to zero sensation level'. Engen (1982) also reported that adaption can occur rapidly. 
but the odour may still be smelt. Typical adaption times result in a reduction of 
sensitivity to an odour of approximately 60% over the space of several minutes 
(Shusterman 1992). Engen (1982) states that adaption is 'overemphasised'. He states 
that habituation is more likely, where an individual experiences a progressive 
reduction in response to an odour over time. That is, the individual simply 'becomes 
used to' an odour. The means of application of an odour can affect adaption rates 
(Cheremisinoff 1992). For example, the reduction in sensitivity is less if an individual 
smells two odours instead of a single one. Although adaption can take place rapidly, it 
is reversible, recovery taking place over the space of a few minutes (US Board on 
Toxicology and Environmental Health Hazards (1980). 

2.3 External Influences, Judgment and response to odour 

Assessment of odour impact involves not only the ability of the individual to perceive 
the odour, but also their personal assessment of the odour and on a larger scale, the 
interactions of the perception and attitude of the community. 

When an individual perceives an odour, they will also be affected by what could be 
considered external factors. They will make an assessment of an odour based on its 
properties, such as its pleasantness and intensity, as well as its duration and how 
frequently it is detected. Repeated exposure will lead to a form of self-education 
(2.3.1). Together with personal attributes such as those discussed in Section 2.2, this 
leads to experience of the odour in the context of the individual and their 
environment. Experience and personal factors, together with social factors (2.3.3), for 
example adverse publicity relating to an odour source, will lead to the individual's 
judgement of the odour. This section examines these factors in some detail. An overall 
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Stimulus 
(Exposure to odour) 

"-.. 
Sel f-education 
(2.3.1) ~ 

/ Experience 
~(2.3.1) 

Personal Factors 1 
(Section 2.2 and 2.3.2) 

1 ------Judgment 
~ (2.3.4) 

Social Factors ~ 
(2.3.3) 

Figure 2.1: Factors affecting perception of the individual and their 
in terrelationsh ip 

summary ofthe components of this section and their relationships are summarised in 
Figure 2.1. 

2.3.1 Learning, experience and perception 

The exposure to odour acts as a stimulus for the factors and processes above to occur. 
The first of these is what Vickers (1983) terms self-education, where exposure to a 
situation leads to learning or experience of a particular phenomenon. This experience 
or learning leads to what Vickers refers to as 'readinesses', resulting in the inclusion 
of certain facets of a problem or situation in a judgment or decision and others being 
excluded. Vickers refers to this as classifying and valuing certain aspects ofa situation 
"in this way rather than in that". When examining odour impact, learning experience 
is important in how the odour would be perceived. For example, Cain (1980) wrote 
that questions should be asked about how representative data collected by odour 
panelists is of impact on the general population near an odour source. He reported that 
the panelists may have years of 'practice' at detecting odour and this 'practice effect' 
may lead to bias in reporting rates. Engen (1982) wrote that false alarms in 
olfactometry trials tend to decrease with increased experience. Shusterman (1992) 
reported in his review that "subtle types of associated learning may influence 
individuals' responses to environmental odours". 

2.3.2 Personal factors affecting perception in the individual 

Another component of the judgment and decision process is the individual's personal 
factors. The physical factors associated with health or factors affecting health such as 
smoking, which influence odour perception have been noted above. There are others, 
possibly more subtle, that also affect perception. These include several factors 
identified by CederlOf et aI. (1964). They are the individual's satisfaction with the 
surrounding area, their propensity to complain, their tendency to anxiety and if they 
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have a personal connection to the odour causing process. Cederl()f reponed that the 
first three factors will increase the frequency of complaints about odour. However if 
the individual is, for example, employed by an operator of an odour causing process, 
they are less likely to report being affected by odours. What has been tenned 
'environmental worry' may influence perception of odours (Shustennan 1992). 
Ordinarily, environmental worry has been associated with sites of environmental 
concern such as toxic waste sites or situations such as the disabled Three Mile Island 
nuclear power station. However, concern about a less threatening odour causing 
process may also cause an increase in sensitivity to odour. Cederl()f et al. wrote that 
reports of odour pollution from pulp mills have been made when odour-causing 
compounds have been absent from the environment. 

As Craik (1987) explains, when attempts are made to quantify the impact of any kind 
of environmental annoyance, account must be taken of "non-environmental irritants 
and hassles of everyday life". He goes on to state that "environmental annoyances join 
in with these other hassles in an aggregated impact upon individuals' well-being and 
quality of life". Thus whenever an assessment of environmental impact on people is 
undertaken, it must be remembered that their decisions are not always as objective as 
would be liked. The difference between what happens at an odour source and what is 
perceived in the popUlation is a critical factor to be considered when environmental 
impact is assessed. 

2.3.3 Community factors affecting perception 

There are social factors that may influence response to odour. For example, landfills 
are frequently cited as the cause of different types of nuisance, for example odour, and 
this may affect a community'S perception of them. Furuseth (1990) conducted 
research into the impact oflandfill on affected communities. The landfill, although 
well designed and well managed, was perceived by the local community as having 
serious economic and environmental effects. This included odour pollution. There was 
opposition to establishment ofthe site from the outset and periodically, there are still 
complaints about operating standards. Schiffman et al. (1995) and Sweeten and Miner 
(1993) reported similar problems associated with odours from commercial pig and 
cattle operations respectively. Communities are found to be likely to experience 
dissatisfaction and complain when they feel the quality of their overall environment is 
affected (Shustennan 1992). When there is general dissatisfaction with their 
environment and an odour causing process is uppennost in the minds of the 
individuals making up the community, it is not surprising that an individual's 
response to odour may be influenced. Complaints may relate to the number of times 
odours are reported, the hedonic properties of the odour and any effects odours may 
have either on the individual or the general environment. 

2.3.4 Judgment and odour events 

All the above factors, operating on both on the personal and community level, form 
the input to the action of the individual when they perceive an odour event. They will 
base their identification of the odour, its intensity and hedonic properties and how 
serious a nuisance they believe it to be using the physiological 'equipment' they have 
and the experience they have gained from previous exposure. Additionally they may 
be influenced by their own and the community opinion of the odour source. As 
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Cederlof et al. (1964) mentioned some individuals are more likely to complain, they 
have a propensity to complain, and this may affect who complains most frequently. If 
a nuisance causing process is generally unpopular with a community, it may generate 
complaints no matter how professionally undertaken it is. Conversely, Cederlof et al 
also described how people associated with the source of a nuisance, for example if 
they are employed by the operator, may be less likely to report nuisance. 

This situation was designated the "appreciative system" by Vickers (1983). He 
described how when an individual makes a decision or undertakes an action, they take 
into account some factors but not others. These he referred to as learned interrelated 
readinesses, where an individual gives various weightings to aspects of a situation, 
deciding that certain features are more or less important. The benefits of this are that 
experience and decisions facilitate further learning, enabling the individual to 
recognise and respond to a stimulus. For example, an individual may experience 
odour nuisance from a source with certain weather conditions, for example when the 
wind is blowing in a particular direction. They will learn that odour nuisance is 
associated with wind direction and will anticipate nuisance under certain conditions. 
However, as Vickers goes on to explain, readinesses can have negative effects. They 
may for example limit an individual's thinking and lead to an incorrect judgment or 
decision being made. Vickers goes on to say that ..... physical perception [is] 
dependent on learning perceptual categories" and these categories are used to classify 
experience. For instance an odour from a second source, but in the same direction as 
the original odour source, may be perceived by the individual. As the wind direction 
is in the usual direction for nuisance from the original source, the individual may 
decide the nuisance has been released from the original source, even if the odour has 
different properties. The individual has based their judgment on selective aspects of 
the situation. 

2.4 Conclusion: The need for a population response model 

The existing approach to odour assessment consists largely of measurement and 
analysis of odiferous compounds emitted and dispersion modeling. The results will 
indicate concentrations of odour-causing compounds at a particular location. 
However, this cannot indicate the extent of odour impact on individuals at the same 
place. 

What is perceived by the individual may not reflect the concentration of the odour­
causing compound. What they perceive is a result of the interplay of the state of their 
sense of smell as well as external factors such as their experience, attitude and 
judgment. Namely, the physiological, perceptual and behavioural components 
discussed in this chapter. Additionally it should be remembered that the affected 
individual does not live and perceive odours in isolation, but will be influenced by 
information and the attitudes and perceptions of others. All these factors form the 
appreciative system of the individual. This is illustrated in Figure 2.2. 

An individual may detect an odour depending on their olfactory ability. They will use 
their judgment about its properties, such as its source and its pleasantness. Then they 
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wiIl make their response. Their behaviour may influence the individual's exposure 
levels and their experience of the odour. These attributes wi 11 operate whenever odour 
is present. They will vary between the individuals in the community, and as a result, 
the response and annoyance produced will vary also. Attempts to assess the impact of 
odour must take this variability into account. Currently, it is ignored or assumed to be 
unimportant. Ignoring it may lead to inaccuracies in impact assessment. 

[ 
----_._---_. -- -_ ... _.. -_. 

-------~-~-------,.- - .. - - - . . 

Individual Attributes 

~~~gi~~ ~;;~~~~~~~ic_al + _~i festyle._ 

experience and learning I 

! 
IAPPRECIA TIVE SYSTEM I 

t 

Environment and Community 
External Factors 

Response to odour: 
A voiding action 
Annoyance 
Decision not to 
respond 
Complaints 

Figure 2.2: Factors operating on an Individual leading to respoDse to odour 

A method of assessing odour impact that includes the perspective of the affected 
individual and community is required. A means should be available of taking into 
account at least some of the factors above and how they will affect the impact of 
odour on an individual. These would include the age, behaviour and attitudes to odour 
sources of an individual. In the following chapters, a method incorporating the factors 
discussed above when assessing the impact of odour on a community will be 
developed. In Chapter 3, a discussion of the techniques available to researchers in 
odour impact studies is given. 
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Chapter 3 

Odour monitoring methods and techniques 

3.1 Introduction 

The study of odour consists of two forms of approach. These are firstly, instrument­
based approaches and secondly, approaches that involve using the perceptions and 
responses of people. The second approach consists of using questionnaires of some 
fonn, analyses based on reports or complaints concerning odour and finally the use of 
panels of individuals. This type of approach is undertaken to establish the impact or 
extent of environmental odour of communities or individuals in those communities. 
The two fonns of approach are not strictly separated and can be used together, 
although many studies do not seem to use more than one technique. Clarenburg 
(1987) and Zeiss and Atwater (1993) used mathematical models to estimate odour 
impact. Goldsmith (1973), Hellman (1975) and Sweeten and Miner (1994) used 
different types of odour panel for their research. None of these researchers used any 
other type of technique in an integrated fashion. One study by Bruvold and others 
(1983) used instrument and sensory techniques together (see Section 3.4). Their work 
involved measurement of odorous gases at selected locations and social surveys in the 
affected populations. Such surveys are, however, the exception not the rule. 

A premise of this thesis is the use of monitor panels (a sensory technique) can be used 
to generate a population response model to gain greater insight into odour impact. 
This would provide an improved understanding of affected locations and odour the 
effects of odour on the community. 

In Section 3.2, different tenns associated with odour research are reviewed. In the 
subsequent sections, Sections 3.3 and 3.4, methods of odour assessment are discussed 
together with their positive and negative aspects. Odour monitoring panels are 
discussed in detail as this the method of community impact assessment used in this 
research. 

3.2 Key concepts In odour studies 

There are key terms that are used in the field of odour research and which are used in 
this thesis. They form part of a branch of science termed Psychophysics. This involves 
measurement of sensory stimuli, either perceived intensity as a function of exposure 
or the minimum level of exposure needed to generate a response. The relevant terms 
for odour research are odour threshold, quality, character, hedonics, odour intensity 
and frequency. Each term will be discussed in turn. Firstly, however, the units of 
odour measurement will be discussed. 
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3.2.1 Units of odour 

Odour measurements can involve the use of di fferent types of unit, which are outlined 
below. Firstly, as with other atmospheric compounds, the concentrations of odour 
causing chemicals can be measured in ppm or ppb (parts per million or parts per 
billion by volume respectively). Alternatively, they may use, in certain cases, such as 
in measurement of particulate matter, J,lm/m2 (micrograms per metre2

). Two other 
units of measurement specific to odour may be used. These are firstly, odour units, 
"ou", and secondly, odour units per cubic metre. "oulm3" (Harssema 1987). An odour 
unit is difficult to define as it relates to physiological effects (Timbrell 1989, Van 
Harreveld 1997). It is compared to the EDso tests used in toxicology trials where a 
response is detected in 50% of a test population. In the case of an odour unit, 50% of 
the population studied will detect a sensory stimulus, in this case an odour when 
exposed to an odour-causing chemical. Odour units per cubic metre represents the 
quantity of odour units dispersed in a cubic metre of air which is detectable by 50% of 
a human odour panel (Van Harreveld 1997). 

3.2.2 Odour thresholds 

There are two different types of threshold that frequently appear in the literature. The 
first of these is referred to as the stimulus or detection threshold (Engen 1982). This 
refers to a concentration of odour where an individual can just detect the odour. This 
point is usually defined where an individual can successfully identify the odour 
concentration 50% of the time in trials. The 50% response level in odour trials is 
standard practice in olfactometry and again is equated to the EDsodose in toxicology 
trials (Flesh and Turk 1975). As Engen states, this is the most frequently used 
threshold as it is the simplest one to obtain. The other threshold referred to frequently 
is the odour recognition threshold. This is the point at which an individual can not 
only detect the presence of an odour, but can also identify what the odour is or could, 
if they had no experience of the odour, describe it. 

Odour thresholds are obtained by laboratory experiments using panels of volunteers. 
The means of presenting an odiferous compound will vary, but the objective, that of 
obtaining odour thresholds, is the same. The simplest method is that of using sniff 
bottles, flasks containing a known concentration of the odorous compound. The 
bottles are given to volunteers, who sniff (see 2.2.1) from them and give their 
response. When a threshold is sought, a series of bottles with differing concentrations 
of the odorous compound will be used. The compound will be diluted with a suitable 
diluent, for example water, mineral oil or benzyl benzoate. The concentrations will 
usually be successively halved until the volunteer states that they can no longer detect 
the odour (Engen 1982). This method is noted for its flexibility and ease of use. There 
are some limitations with this method. Volunteers may vary in their strength of 
sniffing. This has been overcome by researchers adapting the stoppers used in the 
flasks so when an individual inhales too strongly, the stopper closes (Engen 1982). A 
more sophisticated method is that of using olfactometers (Engen 1982). An 
olfactometer is a device designed to control and manipulate the concentration of 
odorous compounds (Engen 1982). A measured sample of the odorous compound, 
whose purity has been tested by gas chromatography, is placed in an olfactometer. It 
is delivered to a volunteer via a sniffing port, which takes the form of a nosepiece or 
funnel. Olfactometers usually deliver the sample material to the volunteer at body 
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temperature in a gentle flow whose ratc is close to normal breathing (Engen 1982). 
Nitrogen or odourless air is usually used for diluting the sample. The gas is saturated 
with the compound by passing through a bottle containing the liquid odour-causing 
compound. Further dilution then can take place by mixing with purified air using a 
sparger. Olfactometers can vary from simple types, with one channel for testing one 
odour-causing compound at a time, to elaborate ones that can be used to test different 
concentrations of odour-causing compound or different types of compound at the 
same time (Engen 1982). Not only pure compounds can be tested in this way. 
Samples of air contaminated by odour may be taken from the environment and be 
taken to the laboratory for testing (Jones et al 1992). 

There are, as Shusterman (1992) points out, difficulties with the identification of 
odour thresholds as they are extremely dependent on the conditions under which they 
are obtained. Single-sample methods involve the presentation to subjects of a series of 
different concentrations of an odour. This has two sources of error. Firstly, 
anticipation of concentration can occur if concentrations are presented in ascending 
order or fatigue (see Chapter 2) occurs if odours are presented in descending order. 
Secondly, differences can occur in different subjects' judgement of an odour 
(Shustennan 1992). The multiple-sample methods involve the presentation of several 
dilution ports to the subject and asking them which one contains the odour. This 
usually reduces variability in results than the single-sample method. The tinal method 
is referred to by Shustennan (1992) as the method of extrapolation of intensity 
response. This involves generation of intensity scaling data above an odour threshold 
and then the extrapolation of the data to produce an odour threshold. 

3.2.3 Odour hedonics, and quality and character 
The pleasantness or unpleasantness of an odour is described as its hedonic property. 
Researchers have an interest in these properties of odours, which is how they smell to 
someone exposed to them. Odour hedonics is less precise than threshold 
measurements (Engen 1982). It is recognised that odour preference is unique to the 
individual. This is illustrated by an experiment discussed by Cheremisinoff (1992). 
Sixteen different odorous compounds were presented to I ()() subjects. There was some 
agreement about certain odours, such as vanillin and menthol, which were recognised 
by 93 and 62 individuals respectively as being pleasant. However, odour causing 
compounds that would largely be considered unpleasant, such as n-caproic acid and 
heptyl aldehyde were considered pleasant by 9 and 7 individuals. The complete results 
are shown in Table 3.1. 

As Cheremisinoff explains, although there is general agreement on most odours as 
pleasant or unpleasant, there are also idiosyncrasies to be found in the sense of smell. 
Some people will complain about the smell of manure, others will find it inoffensive 
(Engen 1982). This variation could affect if and when individuals complain about 
environmental odours. Judgements about odours will also be influenced by the 
experience and emotional context of the subject (US Board on Toxicology and 
Environmental Health Hazards 1980). 

Of course, the hedonics of an odour are dependent on factors other than the actual 
smell. Some odours can smell pleasant when faint, yet may become unpleasant when 
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stronger. Additionally, when an odour is present continuously in the environment it 
may cause annoyance even if it is a pleasant one. As Cheremisinoff puts it, "If an 
odour 'does not belong' it is objected to". This may explain why, when operators of 
an odour causing process use masking odours to disguise an unpleasant odour, they 
may continue to receive complaints. Summer (1971) succinctly sums it as "using a 
stink to disguise a stink". 

Odorous compound Pleasantness (group of 100 subjects) 

Vanillin 93 
Methyl salicylate 90 

p-dichlorobenzene 83 
Geraniol 81 
Camphor 70 
Menthol 62 

Empty bottle· 61* 
Acetophenone 56 
Diphenyl ether 44 

Phenol 31 
Ethyl cinnamate 31 
o-bromtotoluene 20 

Nitrobenzene 15 
Quinoline 15 

n-caproic acid 9 
Heptyl aldehyde 7 

• Control 
Table 3.1: Results of trials rating various odoun to pleuantnela 

(From Cheremisinoff 1992) 

Odour "quality" or "character" are technical terms referring to the properties of an 
odour that enables an individual to distinguish it from another (US Board on 
Toxicology and Environmental Health Hazards 1980). Attempts have been made to 
identify primary odours to classify these properties, such as floral, fishy, minty, garlic 
and so on. Research into odour character usually involves the provision of lists of 
types of odour for trained subjects to use when sniffing odours. With some practice, 
subjects usually become quite adept at describing odours presented to them 
(Cheremisinoff 1992). Together with odour hedonics, odour quality can bigger strong 
reactions in an individual as odour has been associated with arousing emotions and 
memories (Engen 1982). 

3.2.4 Odour intensity 
The tenn odour intensity refers to the intensity of the odour perceived without 
knowledge of the concentration or dilution. The intensity is related to concentration 
thus, 

Intensity of odour = K en 
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Where C is the ambient concentration of the odour, K is a coefficient and n an 
exponent (Cheremisinoff 1992). For most odours, the value of" varies between 0.2 
and 0.8. In order to reduce the intensity of an odour with a value of n = 0.25 by a half, 
it would have to undergo dilution by a factor of 16 (Cheremisinoff 1992). This 
illustrates the difficulties of operators of odour causing processes if they rely on 
dilution as a means of odour control. The quantity of clean air to be used must be 
substantially greater than the odoiferous air to be diluted. 

The perception of odour intensity follows a logarithmic function of the odorous gas 
concentration (Diaper 1987, Page, Guy and Vigneron 1997). Perception of the 
intensity of an odour decreases over time due to adaption (see 2.2.7). 

3.2.5 Odour frequency 

An odour is present when the threshold concentration is exceeded (Harssema 1987). 
The length of time an odour is present will be affected by its dispersion in the 
atmosphere, that is which direction air movement carries it, and by physical and 
chemical processes operating on its components (see Section 4.4). Odour frequency 
refers to the periodicity of odours, the occurrence of an event per unit time. For 
example, are odours perceptible on an hourly, daily or weekly basis? Or are they 
infrequent, being present only once a monthly or over a longer period. The frequency 
of an odour in the environment may contribute to the level of nuisance it may cause, 
particularly in association with other factors such as odour intensity and hedonics. 
Diaper (1987) describes how the number of complaints varies with wind speed and 
direction. Complaints were, he noted, more likely under conditions of a high speed 
veering wind, rather than a low speed non-veering wind. Perceived nuisance can be 
caused by brief exposure, lasting only seconds, especially if frequently repeated 
(Diaper 1987). The length of time an odour is present in the environment is an 
important factor in influencing adaption and habituation (see 2.2.7 and 2.3.1) 
(Harssema 1987). 

3.3 Instrument based odour assessment 

This section briefly summarises the most widely used technologies for quantifying 
environmental odour pollution. It includes techniques used in the laboratory and those 
used in the field. It also briefly covers dispersion models used to estimate odour 
released into the environment. These techniques are summarised in Table 3.2. 

3.3.1 Instrument based tecbnlques 

Instrument-based techniques for measuring ambient odour pollution can be divided 
into two groups. These are sampling of air and use of real-time instruments 
(Shusterman 1992). Such sampling and analysis usually involves collection of an air 
sample containing odiferous gases and use of gas chromatography and mass 
spectroscopy to analyse the odour-causing compounds present in the sample. Odour 
collection involves taking air samples using adsorbent resins, stainless steel canisters 
or Tedlar bags (bags with non-absorbent surfaces used for odour sampling). The 
major consideration is that the equipment used does not have surfaces that react with 
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odour causing compounds, as such chemicals can be highly reactive, which may 
affect the analysis. The atmosphere to be sampled is collected over a set period of 
time. The sample is then analysed using gas chromatography and mass spectroscopy 
is to identify what odour causing compounds are present and in what quantity. 
Calibration can be undertaken using permeation tubes that release vapour at a defined 
rate. Slater and Harling-Bowen (1986) used this technique to sample and analyse 
sulphur gases (hydrogen sulphide and methanethiol) as well as volatile sulphur 
compounds (higher thiols and organic sulphides) present in ambient air and air 
containing ozone. The results obtained are usually more sensitive than those from real 
time instruments and a large number of chemical species can be analysed (Shusterman 
1992). Care must be taken to ensure that sampling takes place at a time when odour is 
at its peak and that contamination by other materials is avoided (Shusterman 1992). 
Such techniques are quantitative in nature, not necessarily qualitative. The results do 
not reflect the impact of the odour on individuals and communities. 

Technique Example Advantages Disadvantages 
Instrument based Sampling + GC- Can identify and No qualitative 

methods MS quantify odorous data - will not 
compounds in air renect community 

samples Impact 
Real-time device Useful for May be less 

e.g. electronic nose identifying accurate than GC-
concen trations MS 
over short-term No qualitative 

data 
Dispersion models Can be cheap to Need detailed data 

use e.g. emissions 
Ease of use Assumptions of 

Can be used to dlspenlon and 
estimate topography 

concentration at Limitations or 
distance from meteoroloatcal 

source data 
No qualitative 

data 

Table 3.2: Odour usessment techniques reviewed In Section 3.3 

Real time instruments. such as the multi-gas sensor system or 'electronic nose' are 
useful for analysing variations in odiferous chemical concentration, particularly over 
the short term (Shusterman 1992. Ramalho. Regui and Kirchner 1997). The results 
may be less accurate than those obtained using sampling and laboratory analysis and 
there may be problems with selectivity or recognition of specific odour-causing 
compounds. Unlike the human nose, an electronic nose has to contain sensors 
designed to identify a specific odiferous compound. otherwise it will not be 
recognised. Odour-causing gases produced by a particular source may consist of more 
than one chemical and it may not be possible to identify fluctuations in the different 
components of the odour. Fluctuations ofan odour plume concentration may occur 
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due to eddying and dilution by the wind (see 4.4.3 for a more detailed description of 
an odour plume and its behaviour). Also, sources such as landfills that can release 
many odiferous gases, may not release an odour plume with the same constituents or 
the same constituents in the same quantities continuously (see Section 4.4 for a more 
detailed description of a landfill as an odour source). Such fluctuations may affect the 
qualities of the plume and hence the nature of the exposure of the community 
(Shusterman 1992). 

The most sensitive equipment available to assess odour properties on people is the 
human nose. Human beings can detect odours at concentrations as low as 1O·9ppb 
(vol.) (Cheremisinoff 1992). It can be difficult to measure odour-causing chemicals at 
such low concentrations using chemical techniques. Use of laboratory techniques to 
measure odours at such low concentrations requires a pre-concentration phase before 
analysis. 

3.3.2 Dispersion models 

In air pollution modelling, Guassian models are the most frequently used. Gaussian 
models are based on the Gaussian distribution (bell-shaped curve) and assume that 
almost random atmospheric turbulence will mix pollutants so that their concentration 
is distributed bi-nomially around a plume's central axis. That is, plume concentration 
forms a normal distribution in both the vertical and horizontal axes (Oke 1992). They 
are used to make estimates of concentrations at distance from the source and exposure 
levels predicted (Punter 1987). Models can be convenient to use and cheaper than 
analysis of ambient air (Harssema 1987). 

There are a number of limitations associated with such models, including uncertainty 
in input data, the approximations inherent in models, fluctuations in concentration and 
the intrinsic variability of dispersion (Thomson 1994). Firstly, data is needed on 
emission rates, that is the release rate of pollutants from their source, which may be 
straightforward to obtain for point sources, but not area sources. such as landfills. It 
will become apparent from Section 4.4, that there are many possible sources for odour 
emission, such as raw wastes, decomposing wastes, gas extraction networks and 
chemical treatment plants. These sources mayor may not be releasing unknown 
cocktails of compounds at unknown emission rates. Such complex source types 
include not only waste disposal, but sewage treatment plants, and agricultural sources. 
It may not be obvious which activity or area is leading to the release of odour causing 
compounds, and as landfills can be large, the assumption that the whole area ofa 
landfill is one point source can lead to an inaccurate prediction of emissions. Use of 
point source models together with emission rates from area sources can lead to 
overestimation of concentrations over short distances. This can be overcome by use of 
area-source models or by dividing the area into a number of smaIl point sources 
(Harssema 1987). Secondly, disagreements can arise over which units are appropriate 
to use. Harssema explains that the odour unit per metre cubed is "an 'amount' of 
odour analogous to mass (J1g) of other air pollutants". An odour unit, he suggests is a 
ratio of concentration to threshold, where the emission rate is proportional to the 
volume of air needed to dilute the emission to threshold. Alternatively, Mortensen 
(1995) states that in his opinion use of the odour unit is inappropriate for use in 
dispersion models as such units are not representative of plume concentration. 
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Additionally, the meteorological data used with such models may not be collected 
from the landfill site and therefore cannot take into account localised climatic 
conditions or effects oflocal topography. In tum this will influence the predictions of 
pollutant dispersion. Also, the data are likely to averaged, usually over an hour, and 
therefore factors such as veering winds and changing wind speeds cannot be taken 
into account in the model's calculations. 

Also, as Punter (1987) explains, while it is acceptable to assume that in the absence of 
odour there is no effect on the population, it is not reasonable to assume that when an 
odour is present there is annoyance. Some odour-causing compounds have to be 
present in the environment in large concentrations before they will have an impact. As 
Punter suggests, pine forests have odour concentrations of 20 to 40 odour units, a high 
odour unit value, but the odour is not likely to produce complaints. Conversely, there 
are compounds, such as ethyl mercaptan (which has an odour threshold value of 
0.00019mg/l), which even in small concentrations will smell unpleasant. Reliance on 
concentration of an odour-causing compound is not necessarily a useful indicator of 
odour pollution impact. 

3.4 Assessment of odour Impact using sensory techniques 

There are diverse types of odour assessment using sensory techniques, which involve 
individuals as judges to assess different aspects of odour. Research based on such 
techniques involves the use of complaints, surveys and questionnaires. Other types of 
assessment include olfactometry, namely the use of panels of volunteers sniffing 
odours in laboratories or out in the field (See 3.2.2). This section discusses the 
different types of approach, but largely concentrates on the use of monitor panels. 

3.4.1 Use of complaints, surveys and questionnaires In odour Impact ulessment 

One of the first indications of odour pollution is complaints either to the operator of 
the odour source or to local authorities. There have been efforts to analyse complaints 
and use them to quantify the extent of odour problems and to model levels of 
community response to odour. One such attempt is that of Clarenburg (1987), who 
examined odour impact in the Rijnmond area of the Netherlands, a major industrial 
area of the Netherlands. Residents living close to this industrial area began to 
complain about different problems, including odour pollution. He generated a 
mathematical model based on odour emission at ground level from industrial sources. 
He took into account how odour pollution could spatially and temporally vary due to 
prevailing atmospheric conditions. He also took into account more than one point 
source operating in the area. Dispersion of the odour-causing pollutants was modelled 
and the results obtained indicated the impact of odour with distance from the odour 
sources and the number of complaints produced. Clarenburg compared the predictions 
of exposure from his model with data from a survey and from complaints recorded by 
a local authority in six areas. The results from this comparison arc shown in Table 3.3. 

The survey asked respondents if they were bothered by air pollution. Two answers 
were acceptable, yes or no. He went on to use this model in the Rijnmond area using 
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Residential area "yes" "yes" ± 95% confidence 
% of population % of population level 

predicted polled 
3 80.S 83 ± 11.5 
2 SO.S SI ±13 
5 32 35 ± 10 
4 41.S 34 ±9.5 
1 27 26 ±5 

Geleen 47 47.S ±4 

Table 3.3: Comparison of predicted and actual results of mathematical model of 
response to odour 

numbers of complaints for his calculations. The respondents were asked to telephone 
a special line when they wished to complain. On the basis of his results, he identified 
'zones' in Rijnmond where odour impact would be greatest to where it would be least. 
His results for this activity were not shown in his paper. 

Clarenburg made the assumption that an overall perception function could be included 
in his model, which would describe the sensitivity of the population to all odours. 
When considering how the sense of smell can vary between individuals (see Chapter 
2), such an assumption is unsatisfactory. There are, as Punter (1987) points out, also 
problems associated with using complaints as a means of assessing impact. Although 
only a few people may experience an odour, they as individuals may experience a 
severe odour impact. This model fails to take that into account. There may be 
variations in the rates of complaints due to social differences, individuals may be 
reluctant to complain, others may do so more readily. Publicity in the media or by 
pressure groups may affect complaint rates. Once an individual has complained, they 
are not likely to complain again within a short space of time, for example a few hours 
or a day. They may be unlikely to complain if the nuisance persists or ifit goes away 
only to return later on (Punter 1987). 

A more common means of assessing odour impact is by use of retrospective social 
surveys. There are many forms of survey. varying in detail and in the type of 
interview. They can take the form of structured questionnaires, requiring brief answers 
to specific questions or semi-structured interview surveys where the interviewee is 
encouraged to discuss at length particular topics of interest. 

Regardless of the format of the survey, there are problems associated with this form of 
data. The most notable of these is recall bias. Such bias can occur, for example if the 
odour source has had recent media exposure, ensuring it is high profile at the time of 
the interview (Shusterman 1992). An example of such bias was recounted by Neotra 
et al. (1991) when they examined various medical symptoms which local 
communities believed were associated with hazardous waste sites. It was noted that 
respondents in their survey were more likely to remember examinations of skin 
lesions for carcinogenicity as if the lesions were actual cancers. The research team 
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referred to this as "value-laden recollection". A control population in a different area 
showed less biased results. 

The attitude of the interviewee and their perceptions of the source and its effects are a 
further example of a potential source of bias (Neutra et al. 1991, Shusterman 1992). 
Neutra et al. stated that along with recall bias, a major source for the concerns about 
health and safety in communities living near toxic waste sites was environmental 
worry. If individuals or communities are concerned about an environmental nuisance 
they will be more likely to report problems or complain than others. 

Inaccurate recall of the extent of odour pollution and its impact may also occur simply 
due to the interviewee not recalling events accurately (Punter 1987). However, 
surveys are a useful means of attempting to assess the impact of odour pollution on an 
affected community. Bruvold et al. (1983) used surveys in conjunction with ambient 
air sampling and identified a strong relationship between the concentration of 
odiferous compounds in the environment and the response in affected communities. 
This team surveyed four communities living close to sewage treatment plants, two of 
which were affected by odour pollution from the plants and two that were not. This 
pattern of impact had been identi fied on the basis of complaints to the plant operator. 
They took air samples from the areas selected for the study to measure their H,S 
content, this compound being commonly emitted from sewage treatment plants. They 
surveyed residents of the selected areas, asking them about their exposure to odour 
and the level of annoyance it caused. The researchers then examined the results of the 
residents survey together with the air sample results to identify any patterns. The 
results are shown in Table 3.4. 

Location Odour noticed Odour not noticed Mean H,S 
concentration J.1g1m l 

Pacifica (affected) 49 5 5.57: 0.5 
Pacifica (unaffected) 4 50 1.1 :0.7 

Novato (affected) 19 31 1.75: 0.5 
Novato (unaffected) I 47 <0.6 

Table 3.4: Results of air samples and social survey carried out by Bruvold et al 
(1983) 

As can be seen from Table 3.4, there was a strong association between high levels of 
H,S and individuals perceiving odour. 

However a commonly used form of assessment of the impact of an odour source on a 
surrounding community is that of olfactometry. This involves the use of 
psychophysical methods to characterise environmental pollution. The different ways 
such methods are used are discussed in the next section. 
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3.5 Psychophysical methods and the use of monitor panels 

There are different fomls of olfactometry used to assess odour pollution. 
• The simplest of these methods involves use of observers (sometimes trained, see 

3.5.1) to describe odours in the field. 
• The next type of assessment involves using dilutions of odour-causing chemicals, 

in the laboratory, to assess odour intensity. 
• Another form of assessment uses subjects, either in the field or in the laboratory to 

compare intensities of odour-causing chemicals thought to be the source of 
pollution in the environment with a reference compound, usually n-butanol 
(Shusterman 1992). 

There are more complex methods that involve the use of both instrumentation and 
people. One such technique is 'organoleptic evaluation of gas chromatographic 
emuents', commonly known as 'smell chromatography' (Shusterman 1992). This 
process involves diverting part of the output of a gas chromatography column. One 
part of the output will be used in the instrument's detector for identification. The other 
will be presented to a subject for identification by sniffing. This technique is 
frequently used for identification of unknown environmental odours. However in this 
section, assessment of environmental odour using different types of panel of 
volunteers will be examined. For ease of reference, the discussion is split into two 
sections. The first section examines monitor selection and training. 

3.5.1. Panel selection and training 

Selection of monitors for assessment of odour can be recruited using the methods 
listed by Punter (1987). These are, 
• Distribution of leaflets to pre-selected addresses 
• Advertisements in the local press 
• Sending letters 
• Telephone calls to selected addresses 

Methods vary in their level of success in recruiting interested individuals. Punter 
found that in his research, leaflets were most successful for recruitment, with lOO/c, of 
individuals contacted coming forward as volunteers. The location of the addresses 
selected for recruiting volunteers is dependent on the aims of the study. For example, 
if assessment of odour pollution from a particular source is to be carried out, then the 
panel should be located in an area surrounding the source. On the other hand if the 
study is laboratory based and is examining the properties of different odours, then it 
may not be so important where the panellists come from. Panel size will also be based 
on the purpose of the study. Panels need not be large, for example, Sweeten and Miner 
(1993) used a panel of2 and 3 people for assessing odour intensities at two cattle 
feedlots (see 3.5.2). Conversely, an investigation into odour pollution by a Californian 
gas company used a panel of 35 people (Hellman 1975). 

However the panel is to be used, in the laboratory or in the field, there are certain 
activities to undertake during selection before the panel commences work. 
Researchers may screen volunteers to ascertain if any they are unable, as a result of 
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physiological factors, to detect particular odours (Leonardos 1980). There are 
different types of tests to identify individuals with or without problems with their 
sense of smell, such as the Turk-Wittes procedure and the ADL test. Screening 
techniques, such as the Turk-Wittes procedure, involve tests for intensity detection, 
identification tests and so-called triangle tests. These tests consist of the presentation 
of, for example, three flasks, to a volunteer. One of the flasks contains an odour­
causing compound, others contain blanks. The volunteer is then asked to identify the 
flask containing the odour (see 6.3.1). The ADL test (designed by odour analysts at 
Arthur D. Little Inc. in the United States) referred to above involves selecting 
individuals with an expressed interest in odour and odour measurement, for example, 
during a social survey. The only test for sensitivity is to ensure that their sense of 
smell is not impaired (Leonardos 1980). ADL tests involve "semi-quantitative and 
qualitative descriptions of odours" (Kendall et al 1974). Volunteers are asked to 
describe odour intensity and character using four or seven point scales. Each volunteer 
enters a test chamber containing the odour-causing chemical in a known 
concentration, sniffs the air three times and then records their results. 

There is some disagreement about whether or not panels require training in odour 
identification. Some researchers have trained panels, such as Sweeten and Miner (see 
3.5.2). Experience of an odour can be an important factor in its identification and 
description of its properties. However, Cain (1980) writes that even well practised 
subjects have produced variable detection thresholds for butanol. Leonardos (1980) 
also states that increased sensitivity amongst panellists will result from training. If the 
objective of using a panel is to select a group of people who have sensitivities to 
odour that are representative of the general population then training may be counter­
productive (Cain 1980, Leonardos 1980). Training may lead to increased odour 
sensitivity in the panel, which will not reflect that found in the general population. 
Therefore, in cases where olfactometry is undertaken to assess environmental odours, 
the levels of training given to panellists, if any, should reflect the experience found in 
the community being studied. This should include the odour properties related in 
Section 3.2, such as intensity and hedonic property. 

3.5.2 Uses of panels in the field 

The way the panel is designed and used depends on the data that is required. Some 
research has involved taking air samples containing odour-causing compounds and 
asking panels to test them in the laboratory. An illustration of this is the work of Jones 
et al (1992), where an olfactometer was used in the field, in this case at cattle depots. 
Samples were taken from ambient air outside the mobile laboratory containing the 
olfactometer. Monitor panels can be moved around an odour source, such as a feedlot 
(see Sweeten and Miner 1993, discussed in 3.S.1 and below). Or they can remain in 
one place, monitoring from home for example, as with the panel designed by 
Goldsmith (1973) (see 3.S.1 and below), where industrial odours were the subject of 
the study. Panellists may be required, if they are monitoring at home, to sniff the air 
for odours at set times decided by the researchers. This was the way that Goldsmith's 
panel worked. Conversely, monitors may be asked to sniff for odours when they wish. 
Panel members may be required to monitor every day or only certain days of the 
week. The best way to illustrate different approaches to using panels is to use specific 
examples of different types. 
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Sweeten and Miner (1993) wished to measure intensity of odour around two cattle 
feedlots in order to assess the extent of their impact on local communities. An initial 
examination of the management of the feedlots was made, along with a survey of the 
surrounding area. Examination of the management of the feedlot included the number 
of cattle present at the site, cattle housing and means of slurry storage and disposal. 
Details such as distance to the nearest dwellings and the presence of other possible 
odour sources were also recorded. Sampling sites in and around the feedlots for the 
odour panel to use were selected. Sweeten and Miner did not report how the sampling 
sites were selected. The panels, consisting of two people for odour assessment for one 
feedlot and three for the other, were trained to determine odour intensity in the 
laboratory. Training involved the use of an olfactometer containing odiferous air 
samples diluted with odour free air (see 3.2.2). Panellists sniffed differing samples to 
ascertain detection thresholds and to enable them to specify the feedlot odour 
intensity. They were then taken to the sampling points at the two sites and asked to 
sniff the air. They were then moved further away from the feedlots to successively 
more distant sampling points. For both feedlots, the odour survey was carried out over 
one afternoon. Eleven observations were made at one site and thirteen at the other. All 
statements on odour intensity were recorded by the research team. On the basis of the 
data obtained, Sweeten and Miner attempted to provide guidelines for acceptable 
levels of odour intensity. 

As an alternative to moving panel members to the source, it is possible to organise a 
panel in an area adversely affected by odour using local residents. Such a panel was 
organised in Richmond, California, an industrial area with several industrial odour 
sources (Goldsmith 1973). The study was undertaken to ascertain the usefulness of 
using such panels to assess odour impact. Selection of monitors was based on their 
satisfying several criteria. These were interest in the project, their reliability to make 
the required number of reports and their presence at home during the monitoring 
times. There is no mention in the report of the monitors being trained during the 
lifetime of the panel. Thirty individuals located in different parts of the area were 
asked to sniff the air daily at lOam, 4pm and IOpm. The monitors were asked to fill 
out report cards that were collected by supervisors. 

These panels, the researchers felt, had produced appropriate information , which met 
their aims and objectives. The ways that data are recorded can vary according to the 
nature of the source, what information is required and so on (Punter 1987). Moniton 
may be required to sniff the air at their home on a weekly basis, asked to make several 
reports each week or each day. They may have to keep quite detailed diaries of the 
circumstances when they sniffed the air or simply report if they smelled an odour. 
Reports can be made by telephone calls by supervisors or completing pre-printed 
cards. Alternatively, as in the study conducted by Sweeten and Miner, the panels may 
be taken to the odour source and have their decisions recorded by supervisors. 
The list below summarises the points raised in this section: 
• Panels may be used in the laboratory or in the field 
• The number of times panellists are asked to monitor may vary, from once to 

several times a day 
• Times for monitoring may be set by the supervisor or the panel members may 

monitor only when they smell an odour 
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• Recording results may take the fonn of reporting personally to supervisors, by 
telephone calls, post-cards or record sheets posted to the supervisor 

Some of the factors affecting panel design will be entirely pragmatic. For example, 
the financial costs of organising and running the panel, the number of people available 
to supervise the panel and so on. Others, which are more important and have been 
touched on above, are considerations of the study itself. These factors are discussed in 
more detail in the next section. 

3.5.3 The design and operation of a panel in tbe community 

Practical factors will influence the panel design. These include the nature of the 
source of odour and how it is thought to affect the surrounding area. Punter (1987) 
and Maivald (1987) both discuss these criteria in some detail. The panel design will 
depend strongly on the nature of the source, the odour and its emission as well as the 
measurement objective. For example, if the source emits odour constantly over time, 
sampling frequency may be low, at a set time if necessary. Alternatively, if emission 
is variable, then sampling will have to be more frequent. Consider two different odour 
sources to be studied. The first source, source A, is an odour source that produces 
known odour-causing compounds and has technology in place which rigorously 
controls odour production and release. It emits odour once a week, for example during 
cleaning of the odour control equipment, at the same time and day every week. The 
other odour source, source B, emits odour erratically, any time of day, any day of the 
week. Such an odour source could be a landfill. 

The study on source A wishes to measure the pleasantness or unpleasantness of the 
odour emitted and the difference in intensity with distance. The panel for source A 
need only be used once a week, on the day of odour emission. The fonnat of the panel 
may be similar to that used by Sweeten and Miner and described above. The panel 
may be small, consisting ofa few individuals for ease of training and transport. The 
panellists, could be transported a set distance away from the source and, at regular 
intervals as they move towards the source, sniff the air and their results recorded by a 
project supervisor. This procedure may carried out once, as in the case of Sweeten and 
Miner, or repeated several times, until the required amount of data are obtained. 

In this thesis, the panel used for the research activity takes the fonn of panel B. The 
study on source B wishes to assess the frequency of occasions when people living at 
different locations around the source experience its odour. As mentioned above, the 
source, a landfill site, can release odour at any time for unknown duration. As the 
frequency and duration of odour events are unknown, the panel must be in operation 
daily as it is the frequency of events that has to be identified. Another of the 
objectives of the study is to identify the effects on communities at different points 
around the source, therefore panel members should be located in those communities. 
Such effects would include avoiding behaviour such as remaining indoors and closing 
windows or health effects such as feeling nauseous or annoyed by the nuisance. It is 
not necessary for them to be taken to the source. It is the impact at the volunteers' 
homes that is to be addressed. As the monitors can note odours at any time, they must 
have a means of recording their results. Recording, as Punter (1987) describes, can 
take different fonns. This was discussed in 3.5.2. 
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The panel for source A would require screening to ascertain that they can smell the 
odour to be studied, and they may also require training to enable them to judge and 
articulate odour hedonics and intensity. As intensity and hedonics of the odour are to 
be measured, the panellists may also be selected for their similarity of sense of smell, 
for example similar detection thresholds, to ensure consistent results. The panel for 
source B may be different. It would probably be larger than the panel for source A. 
This would be the case if the area to be studied around the source is large and or if 
there is a large number of people affected. I f odour frequency is to be studied 
particular types of people may be used in the panel, namely individuals who are at 
home most of the time. This was the case in the Goldsmith panel. If the frequency of 
odour events experienced by the whole community is sought, then this would not be 
desirable as not all the people in the area will be at home all day. In this case, 
panellists would have to include individuals who would be absent for certain periods 
of time. The choice is either to accept all types of individuals, some of whom will 
have limited times for reporting or to select individuals who are at home all the time 
at the expense of diversity of response. Again some selection may be necessary to 
ensure that panel members have no physiological problems with their sense of smell. 
However, if the exposure of all the community is sought, then individuals with 
impaired olfactory ability should be included. Their sense of smell should still be 
tested in order to identify if this influences their reporting patterns, for example 
missing odours that others detect. Ultimately, panel design is dependent on the 
information required from the study and the nature of the source and its emissions. 

3.6 Conclusion: Methods for assessing odour or odour Impact 

There are different methods of odour measurement and identification, and assessment 
or prediction of impact. The methods discussed in this chapter are listed in Table 3.S. 

Technical methods Sensory methods 

Olfactometry 
Sampling of ambient air and GC-MS 'Smell Chromatography' 

analysis (in conjuncdon with GC analysis) 
Real time Instruments (Electronic Examination of complalnu 

nose) 
Dlspenion modelling Social Surveys - quesdonnalres and 

interviewl 
Panels - laboratory bued or In the field 

Table 3.5: Summary of odour asseslment methods 

For the purpose of obtaining information on the impact of odour on individuals and 
communities, it is arguable that use of monitoring panels is most useful. The human 
nose is the most suitable means of measuring odour, as after all it is the human 
experience of odour that is being studied. Technical methods of measuring odour are 
useful if identification of the odour-causing chemical is required or measurement of 
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concentration is needed. However, as pointed out earlier, such methods are not 
suitable for qualitative assessment of the effects of odour. They would not, for 
example, establish the intensity of odour experienced by individuals near the source or 
the hedonic properties of the odour. 

I f sensory techniques are to be used as part of the process of odour impact assessment, 
there are choices of approach. These are to use complaints to assess impact, surveys or 
the use of monitor panels. That complaints are reported may indicate the possibility of 
a problem with odour pollution. However, complaints are not a reliable reflection of 
the extent of impact. Certain individuals may be more or less motivated to complain. 

It is plausible that an individual may be quite adversely affected by odour yet not 
report it. The individual may not know who to complain to, or they may wish to avoid 
conflict or do not know what their rights arc. Finally, they may be distracted by other 
important issues. This may lead the operator of the odour causing process to believe, 
incorrectly, that there is no problem. Even if an individual makes a complaint, they 
may be reluctant to report odour again if it occurs quickly after the first incident, so 
that the frequency of complaints to be lower than the frequency of odour pollution 
events for this reason. Complaints may arise as a result of 'bad' publicity or action by 
a pressure group, which may result in a peak, before they fall back to their usual level. 

Retrospective social and perception surveys may provide more detailed information 
but they may be atTected by the problem of recall bias, where an individual may report 
more or less serious impact of odour than actually occurs. This can be overcome by 
use of questions designed to screen for bias, such as asking about symptoms not 
connected with the odour source. As with complaints, bias is likely to occur after 
adverse publicity or if the interviewee is experiencing environmental worry. 
Additionally, there is reliance on accuracy of recall of odour pollution events, which 
may also be biased. 

There is the alternative of using monitoring panels. They can provide information on 
temporal and spatial factors pertaining to odour impact. For example, information 
could be provided on which settlements experience odour more frequently than others. 
They also include panellists compiling details of odour events as they happen, rather 
than relying on recall. If the monitoring process is long-term, the etTects of publicity 
can be seen in the frequency of reports made and be taken into account when analysis 
of the data commences. Of course, as with any other technique for odour assessment, 
care must be taken in ensuring bias is not introduced by panel design. The major 
drawback of panels, where panellists are working alone, is the lack of corroborating 
data to confirm the odour is what they say it is. This is where the use of instrument 
based techniques is useful and where an interdisciplinary method of odour assessment 
would have its strengths. Combining measurement of data at source with modelling 
(using data from the source) and qualitative data obtained by monitoring panels would 
enable a more complete view of the extent of impact to be obtained. 
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Chapter 4 

The Research Design 

4.1 Introduction 

As seen from Chapters 2 and 3, the issue of odour and its unwanted presence in the 
environment has been shown to be complex and difficult to address. The discussion in 
Chapter 2 revealed there are many factors that affect the ability of the individual to 
sense the presence of an odour and variation in the response the odour will elicit. 
These factors consisted of physiological, psychological and behavioural factors. It is 
the interaction of these factors, which leads to the individual detecting and responding 
to odour. In Chapter 3, the properties of odour were examined, along with the 
methods that are used firstly, to assess the response of individuals to odours and, 
secondly, assess the impact of odour on individuals in the environment. Two groups 
of techniques were identified, firstly, instrument based techniques and, secondly, 
sensory techniques. It was pointed out that the two types of method were seldom used 
together. This may arise due to the nature of the disciplines within which research 
takes place. The instrument-based techniques are associated with scientific 
disciplines, such as meteorology and environmental sciences. The sensory techniques 
are used by social scientists, such as psychologists or sociologists. The simultaneous 
use of both types of technique would involve interdisciplinary studies, which are not 
so commonly undertaken. As has been discussed earlier, the merits of such a method 
are substantial. There is a sequence of circumstances leading to release and dispersion 
of odour and the response in the popUlation. The fragmented approach of research 
results in a failure to entirely assess this sequence. An interdisciplinary approach to 
assessment would provide data on both environmental and social effects, such as 
affected locations and impact on popUlations. 

One of the research objectives of this study (objective 2) is to identify the variability 
of response within a population exposed to odour (Section 1.6). It will be argued in 
this and subsequent chapters that the response does vary and any study endeavouring 
to assess odour impact must take such variability into account. This variability, it will 
be shown, arises due to the interplay of the key components first identified in Chapter 
2. It will also be argued that temporal and spatial factors will also influence exposure 
(objective 2). In order to demonstrate that exposure and response to odour can vary, 
an odour monitoring panel will be used. The reasoning for the usc of this technique 
will be given in this chapter, along with an overview of its design. 

In this chapter, the research objectives and questions arc examined in greater depth, 
along with the key components, identified from the objectives in Section 4.2.ln 
Section 4.3, the choice of research techniques used in this study will be discussed. In 
Section 4.4, background infonnation on the landfill site as an odour source will be 
presented. 
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4.2 The research Issue and objectives 

As stated in Section 1.6, the research question within which the research is placed is 

To what extent do physiological, lifestyle and locational factors influence exposure 
and response to landfill odour? 

The research objectives generated by this question are listed below. 

• Objective 1: The main objective is to identify attributes affecting the exposure and 
response to odour within a community. These attributes could then be included in 
a potential response model that could be used to identify communities and 
members of communities more or less at risk of exposure and impact to odour. 
This thesis provides a framework on which such a model could be based. 
Suggestions are made as to how such a model, when integrated into an 
interdisciplinary framework, could be used as a tool to assist landfill management, 
planning and policy regarding environmental impact and nuisance. 

This objective is dependent on the two subsidiary objectives below. By addressing 
them, it should be possible to identify attributes affecting exposure and response and 
produce a framework within which a response model could be developed. 

• Objective 2: To measure and demonstrate the variability in response within a 
population exposed to odour. It wi1\ be shown that variability arises from 
physiological, psychological and lifestyle factors. These factors will be shown to 
be important determinants in the individual's experience of odour. 

• Objective 3: To measure and demonstrate how temporal and spatial factors also 
contribute to the differential exposure and response of individuals to odour 
pollution. 

In Chapter 1, the issue of landfill odour pollution was highlighted in some detail. 
However, it is useful to reconsider that discussion here as the research objectives and 
activities are based on the issue. Landfill odour pollution is reported as adversely 
affecting the well being of individuals and their enjoyment of their local environment. 
Methods for measuring the levels of odour causing compounds and assessing their 
impact vary (Chapter 3 and Section 4.3) between instrument based techniques and 
social enquiry. However, each of these techniques has short-comings as well as 
advantages. One failing common to many of these techniques is a lack of knowledge 
of the variability of response to odour amongst members of a given population. 
Without this knowledge, the impact of an atmospheric pollutant, such as odour, on a 
community will not be fully understood. As discussed in Chapter 2, there are a 
number of factors that can influence exposure, the ability to detect odour and the 
response of an individual. Not only this but there are a number of components that 
must be present before odour has an impact. 

The first of these components is the presence and attributes of a source of the 
pollutant (physical) and secondly, there must be a population to respond to what the 
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source has released. This response involves initially the physical 'equipment' of the 
individual or their physiological attributes. In the case of odour at least, there are other 
components involved. They are a psychological response to the source as discussed in 
Chapter 2 and below. This response, together with the physical response will lead to a 
behavioural response. This is discussed in greater detail in the following paragraphs. 
These key components are shown below in Figure 4.1. 

Spatial Component 

Temporal Component 

Figure 4.1: Key components in tbe researcb 

These components are shown as overlapping as they do not operate in isolation but, to 
varying extents, are interdependent. For example. without the presence of a source 
there would be no odour. Without the physiological means of detecting odours, there 
would be no psychological or behavioural response. There are two other components 
within which the other four components operate. They are the spatial and temporal 
components that are external to the individual, but affect their exposure and hence 
their response. They are where the individual is located with respect to the odour 
source and how frequently they are exposed to an odour plume. These components 
have a role in influencing response and subsequent behaviour. These components and 
the framework in which they are found are important elements of the research. It is the 
recognition of these factors and identification of the linkages between them, which 
form part of the research objectives of this thesis. 

As discussed in Chapter 2, the response of an individual when exposed to odour is 
based on a number of factors, which can be divided into the physiological and 
psychological. Physiological factors include the individual's sense of smell, which 
may be affected by anosmia or specific anosmia, and which may be influenced by age, 
health, gender and exposure to harmful substances (Section 2.2). Psychological 
factors affect the personal assessment and response of the individual. These may 
include the attitude of the individual to the odour source as well as influences from the 
community (see Section 2.3). These psychological factors were summarised as 
forming the appreciative system of the individual. As Engen (1972) stated, human 
observers might, on the basis of their appreciative system, ..... emphasise different 
attributes in different situations or for different sets of odourants". It is the 
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appreciative system that affects the response and behaviour of the individual. Put 
simply, this means what they will do when they believe they have sensed an odour. 
This behaviour may vary. An individual may attempt to ignore the odour, or they may 
carry out some form of avoiding behaviour, such as closing windows or going 
indoors. They may complain, either to the operator of an odour source or the local 
authority. Perception and responses to odour are more complex than may first appear. 
Finally, there is the lifestyle component. This includes aspects such as work patterns, 
which will influence frequency and duration of occasions when an individual can be 
exposed to odour. 

One of the major research objectives for this thesis is to examine the linkages and 
relationships between the different components outlined above. Research into 'odour', 
as discussed in Chapters 2 and 3, can be sub-divided into instrument based or sensory 
techniques. There are some techniques that could be said to overlap, such as combined 
gas chromatography and olfactometry. Gas chromatography and mass spectroscopy 
are classic analytical techniques used to identify and quantify odour causing 
compounds found in ambient air samples. Occasionally, this approach may be 
integrated with the use of human subjects who sniff the samples as they pass through 
the GC column in order to describe the sample's odour properties. By doing this the 
properties of the odour causing compound can be identified, quantified and described. 
However, the sample is not judged in the context where it may cause annoyance, that 
is in the environment surrounding the odour source by the population affected. Other 
methods are often used in isolation from the environment. Dispersion models are used 
to estimate the concentrations of odour causing compounds at distance from the 
source. Again, as with other laboratory based techniques, there is no way of knowing 
the extent of annoyance caused. Dispersion models assume Gaussian distribution of 
pollution in the mean wind direction. This may not be the case if the wind is veering 
markedly or if eddying in the odour plume causes concentration fluctuations along its 
length. As mentioned earlier in the thesis, there are other problems inherent in the use 
of dispersion models that may influence their effectiveness for use in landfill odour 
pollution studies. This is examined in Section 4.3. Alternative methods involve social 
enquiry techniques, such as interviews and surveys. These are frequently undertaken 
without testing respondents' sense of smell or examining their background for factors 
that affect odour perception. A more complete discussion of the above is given in 
Section 4.3. 

It is only possible to begin to understand odour impact (and possibly the impact of 
other pollutants) on individuals and communities, by adopting an interdisciplinary 
approach. Such an approach involves recognition of the components of the issue 
identified above and attempts to take them into account. This is achieved by adopting 
an approach that involves assessment of an individual's olfactory ability as well as 
their experience of odour exposure and annoyance in the context of the environment 
where annoyance occurs. An attempt will be made to explore how the attributes of an 
individual affects their exposure and detection of odour. This links to research 
objective number 2, which was to demonstrate how variable the response within a 
population can be. The third research objective, on how spatial and temporal factors 
can affect odour exposure is also addressed by this enquiry. The questions arising 
from these two objectives, which the research seeks to answer are the following: 
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• How do personal factors, such as age or health affect the exposure levels of odour 
an individual can experience? It is known that such factors affect detection and 
identification of odour (Chapter 2). 

• How does an individual's lifestyle and behaviour influence their exposure to 
odour? Such behavioural factors, again are thought to affect exposure to odour and 
the response to it (Chapter 2). 

• Go on to attempt to relate this information to spatial and temporal factors; where an 
individual is in relation to the odour source. Individuals downwind in the direction 
of the prevailing wind from an odour source may be expected to be exposed to 
odours more frequently than individuals located upwind (Chapter 3). 

With the information obtained through the research activity, it will become apparent 
that the response and exposure to odour can vary between individuals with differing 
physical attributes, with different lifestyles and at different locations. With this 
knowledge, the argument for an interdisciplinary method becomes much stronger, as 
the assumption that exposure and response should not vary greatly in the population is 
shown to be incorrect. As was pointed out in Chapter I, research into pollution impact 
is frequently carried out to assess impact on people. An interdisciplinary method 
would facilitate inclusion of popUlation response, which would therefore provide 
greater insight into odour impact where it occurs, namely, amongst affected 
communities. Understanding of the variability of response and the importance of 
identifying how temporal and spatial factors can influence odour exposure can be used 
in a second way. This is to define limitations of current methods. 

4.3 The choice of Research Techniques 

The basis of the research is to identi fy the importance of aspects of odour detection 
and response, discussed in Chapter 2. They interact with each other and with spatial 
and temporal factors, dictating whether or not an odour is detected and what the 
response to it will be. It should be noted that an odour event, that is the occurrence of 
an odour in the environment, will have certain characteristics. An odour, when in the 
environment will have intensity levels, hedonic qualities and character. It will also be 
present for a period of time and may recur (see Chapter 3). Whilst it is in the 
environment, the odour may be sensed by an individual who will respond to their 
exposure in a particular fashion. In order to clarify this relationship, it is necessary to 
obtain data in the field using a form of monitoring panel. It will be remembered from 
the discussion in Chapter 3, that there are laboratory- and field- based methods of 
studying different aspects of odour. In the following discussion a summary of the 
techniques for odour assessment is presented and then the reasoning behind the choice 
behind the use of a monitoring panel as being appropriate for the research. 

There are, as discussed in Section 3.3, well-established analytical methods of 
obtaining information on the chemical constituents of odour samples, notably gas 
chromatography-mass spectroscopy. Use of these techniques enables a chemist firstly, 
to identify the chemicals present in a sample of odour bearing air and, secondly, 
estimate the concentrations of the chemicals identified. As some odours can produce a 
response in subjects at 10'9 ppb. (vol.) (Cheremisinoff 1992), a preconcentration step 
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may be required and is carried out prior to analysis (Dravineks 1975). Frequently, as 
related by Shusterman (1992), these analytical procedures are combined with trials 
using human volunteers as sniffers to describe the odour's properties, such as intensity 
and hedonic qualities. This is referred to as the analytical/sensory approach by 
Dravineks (1975). He describes a method that involves the use of a gas 
chromatography column to analyse the constituent chemicals of an air sample, but 
which also has a sniffing port attached. Use of this port enables a subject to smell the 
odours constituent chemicals as they leave the column. By doing this it is possible to 
obtain quantitative information on what odiferous chemicals are present and how they 
smell to the subject. This is referred to as 'smell chromatography' by Shusterman 
(1992). 

Apart from chemical analytical processes, there are real-time technologies that can be 
used to monitor odours, such as the electronic nose or multi-gas sensor system 
(Ramalho, Regoui and Kirchner 1997). These technologies can be used at the odour 
source and can be used to detect odours as they are released. Alternatively, dispersion 
models may be used and, indeed, frequently are used in odour impact assessment (see 
Van Harreveld 1997). As highlighted in Section 3.3, there are limitations associated 
with these models which, in the case of landfill odour studies, could be quite 
important. It is important to know details of pollutants emitted, their rate of emission 
and the points of emission. As will be referred to in Section 4.4, the landfill site may 
or may not be emitting any number of odour causing compounds~ it may be releasing 
odours from one or more points, and the emission rate may not be known. Emission 
will be at or near ground level, unlike other sources such as industrial stacks, which 
may affect the estimates calculated by the model. Finally, as with other technological 
methods, there is no qualitative information, such as length of exposure, times of 
exposure, or odour hedonics, provided with the use of dispersion models. 

Other laboratory-based techniques involve the use of volunteers who sniff odour­
bearing air samples taken from an odour source. These are usually presented to the 
volunteers via some form of an olfactometer (see Section 3.2). There are many 
designs of olfactometer, but it is a device that simply delivers odour samples to 
volunteers via a sniffing port. The samples can be diluted by the researchers to desired 
levels and the volunteers are asked to state if they have detected an odour or not. 

There are drawbacks to using these differing technology-based approaches. The 
techniques that are used in the laboratory involve the use of samples taken from 
emissions at the odour source. Therefore care must be taken ensure that samples are 
·taken at the correct time when odours are being released. This may be difficult to 
determine when assessing odour emissions from landfill sites, as it may not be 
immediately obvious if the site is emitting odour and where it is being released. 
Odours may consist of more than one compound and they may vary in concentration, 
affecting the odour's qualities, such as its hedonic properties. Mixing with non­
odorous air will dilute the odour's concentration, which again may affect its hedonic 
properties. Diaper (1987) describes how an odour's properties vary as they travel 
away from their source through the atmosphere. The effects of this fluctuation, which 
may affect the impact of the odour, may not be detectable by laboratory analysis. 
Additionally, it should be remembered that samples are analysed in the laboratory 
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away from the source and the population affected by odour pollution. Therefore 
characteristics of odour pollution events, such as frequency of events and their 
duration, as well as the circumstances in which individuals detect odours, are 
excluded from the study. These factors are very important in understanding the nature 
of exposure to odour and response that a popUlation will experience. It is also 
tempting to use these techniques uncritically as they produce quantitative data, which 
is straightforward to understand and use. As Hobbs (1995) states, use of quantitative 
methods avoids the difficulty of addressing 'the subjective human response'. 
However, the SUbjective human response to odour is the crux of the problem. If 
humans had no sense of smell or if they were located away from odour sources, there 
would be no problem and no need for odour research. Any technique that is solely 
dependent on instrument based techniques and which does not take into account the 
response of individuals to odour at the point of impact is not addressing the effects of 
environmental odour pollution. There is a need to address the problem of the impact 
and perception of odour pollution in its context and that is in the community. 

In an effort to study odour impact on communities, researchers may use one of several 
approaches. These are as follows, 

• To study complaints made to managers of odour producing processes. 

• To undertake community surveys 
• To arrange panels of odour monitors in the community. 

In Chapter 3, some authors noted that reported complaints were an accurate reflection 
of the impact of odour on communities (Bruvold et al. 1983, Clarenburg 1987). They 
stated that the distribution and number of complaints matched the extent of odour 
pollution in the community. Other authors disagree with the idea of complaints 
accurately reflecting the extent of odour pollution. 

Punter (1987) is critical of methods that use complaints as a means of assessment of 
odour impact. It is worth summarising the points made in Chapter 3 again here. 
Firstly, Punter pointed out that although only a few people may be exposed to an 
odour, and produce few complaints, the odour impact may be very severe. Secondly, 
differing social groups may be more or less inclined to complain. Thirdly, publicity 
relating to an odour source may affect complaint levels. Finally, once an individual 
has complained they may be less likely to complain again, even if the odour is 
persistent or goes away and returns later. There is another point raised in Chapter 2, 
which is relevant to complaints as well as surveys, and that is the attributes of the 
individual and how they influence exposure levels. For example, Dodd (1980) 
explained, one person's sense of smell may vary from his or her neighbours and 
therefore their ability to detect odours and hence their response may vary also. 
Reliance on complaints data will lead to these subtleties in response being missed by 
researchers. 

A more common means of attempting to assess odour impact is by use of surveys. 
This usually involves the use of questionnaires or interviews. As with reliance on 
complaints data, there are drawbacks to this means of assessment. Selection of 
respondents is an important factor, as is the use of suitable questions that will not lead 
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to ambiguous answers or prompt respondents into providing answers they think are 
required. Thu and Durrenberger ( 1995) chose the information they required, identified 
their target group of respondents, individuals actively involved in campaigning 
against a livestock facility, and they designed their method of obtaining information 
(open interviews with groups of respondents). It is important that surveys take into 
account such factors otherwise the information obtained may not be what is needed. A 
major advantage of surveys is that they can provide useful background infonnation on 
the population being studied. This should include details on the respondents' age or 
lifestyle, which can influence an individual's experience of odour. If this data are not 
known then it is difficult to know how conclusions about odour pollution impact 
could be drawn. For example, it may not be known how often a respondent is at home 
or if the respondent has health problems affecting their sense of smell. These factors 
may affect their exposure and response. 

Another method of obtaining information relating to levels of exposure to odour, 
odour-monitoring panels, can be used (see Chapter 3). These can be designed to 
include assessment of a volunteer's sense of smell and training if it is considered 
necessary. The panels can take different forms. Firstly, they can consist of volunteers 
taken to an odour source and asked to sniff the air at specific locations around the 
source. Such a panel was used by Sweeten and Miner (1993) in their work on 
assessing the intensity of odour produced at livestock feedlots. Conversely, they can 
stay at a particular location, for example their home, and sniff the air for odours (see 
Goldsmith 1973). Use of a panel has the advantage of providing infonnation as the 
odour is perceived directly rather than relying on recall and would provide more 
accurate infonnation if the frequency and duration of odour pollution were the 
important issue. It would also be suitable if researchers wished to identify those 
members of the community most likely to be affected by odour. 

Use of a panel is the most appropriate method of obtaining the qualitative and 
quantitative data necessary to establish the relationships of the components identified 
in Figure 4.1. Laboratory methods, both instrument based and sensory techniques 
would not be suitable. They would not provide information on the number of times a 
community would be exposed to an odour or the circumstances in which that exposure 
would occur. A similar failing would be encountered by use of dispersion models (see 
3.3.2). It may be possible to generate estimates of odour concentration at distance 
from the source, but these estimates provide no infonnation on the extent of the 
nuisance generated. 

The use of a panel would overcome problems associated with reliance on complaints 
and social surveys. Reliance on complaints data as an indicator of the extent of odour 
pollution is not satisfactory. The level of complaints arising from a settlement may not 
be an indicator of levels of odour pollution. Individuals have differing propensities to 
complain or to complain more than once. Additionally. from the point of view of this 
research. complaints data does not have sufficient detail to identify the relationship 
between the components identified in Figure 4.1. A social survey would provide 
infonnation of sufficient depth, but would be subject to problems common to all 
surveys. These include recall bias and inaccurate recall of infonnation (see Section 
3.4). The use of a social survey was appropriate for the research conducted by 
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Hadfield (1997), where she wanted to elicit the concerns and agendas of respondents 
in terms of health and asthma, traffic pollution and traffic policy. She had to examine 
perception of pollution from a dispersed source, traffic, across a wide area. She 
needed a 'snapshot' of perception found amongst the pUblic. In this research, the 
impact of odour from point sources, two landfills, on a specific population was 
studied. The area and population were therefore more clearly defined. Also, in order 
to identify the experience of exposure to odour on a daily basis over a period of time, 
the use of a panel is more appropriate. It provides detailed information on events as 
they occur. An additional problem, common to both use of complaints and surveys is 
that, unless some form of olfactory testing takes place, there is no means of knowing 
the nature of the respondent's olfactory ability. 

Finally, it should be stated why, during the course of this research, a dispersion model 
was not used to model the extent of odour pollution in the Marston Vale, the area 
involved in this study. Such models have been used to predict odour impact from 
landfill sites in the past (see Van Harreveld 1997). Indeed, at the outset of this 
research, an atmospheric dispersion model, ADMS, was used and its results assessed. 
Data related to the source characteristics, materials emitted, weather conditions and 
topography of the area of interest are required to fonn the data input. The model will 
then calculate dispersal patterns, providing predictions of areas affected and the length 
of time they will be affected. However, there are limitations associated with such 
models, largely related to data used for and generated by such studies. When ADMS 
was used, such limitations became apparent. These limitations have been referred to 
earlier (Section 3.3), but are highlighted again here. The data required for using such 
models and that derived from them are summarised in Table 4.1. 

When examining landfill odour pollution, some of these requirements may not be 
satisfied. Information relating to odour emissions may not be available. It will become 
apparent from information in Section 4.4, that the landfill is a complex odour source, 
particularly when compared to an odour source such as a brickworks. 

Data input Calculation Data output 

Emission data: Model will contain a set PredlctioD of area(l) 
Odour causing of parameten included affected. 

compouDds emitted by design en. 
Emission rate 

Location of emission 
polDt/area 

Times and duration of 
emission 

Meteorological data LeD"" of time areal 
affected 

Topograpby PredlctioDI of 
cODceDtratioDI of odour-

cauIlDa cbemlcals 

Table 4.1: Data tbat forms dtspenton modeltnput aDd output 
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The landfill covers a wide area and contains a variety of odour sources. These include 
raw waste, decomposing wastes, gas extraction systems and treatment plants. The 
location of some of these sources will be known, but others, such as decomposing 
wastes, will not. A cocktail of odour causing compounds will be released at unknown 
emission rates. As a result of points of emission being unknown, it would be difficult 
to identify and measure them. Compare this to a brickwork site, where the pollutants 
can be identified, emission rates measured and sources identified. Collection of data 
from such a site would be more straightforward. The meteorological data used with 
such a model will probably be averaged, for example hourly averaged, resulting in 
any fluctuations in wind direction or speed being missed. The properties of the wind 
can be vital in the dispersion and resulting exposure to pollution. Hourly averaging 
may result in brief periods of exposure being missed. The effects of topography on 
dispersion may also be missed, although some dispersion models can take into 
account complex terrain and the effects of valleys, hills, plains and built up areas. 
However the complex interaction of weather and terrain may not be fully realised. The 
problems with this data input may affect the calculations of the model. There may also 
be limitations with the model itself in the range of parameters it may contain. For 
example, it may be designed for single point sources or stacks, such as those found at 
a brickworks. It may not be able to make satisfactory predictions from an area source 
at ground level such as a landfill. The output also may be limited. As stated above, the 
areas likely to be affected by pollution will be identified and the number of hours the 
pollutant will be present calculated. However, there is no estimation of the level of 
exposure or "dosing" found amongst the local population. This is ultimately the 
reason why the study is undertaken in the first place. 

These limitations became apparent when ADMS was used. There were no data on 
landfill odour emissions available, such as compounds being emitted. times and 
duration of emissions. The point or points of emission were unknown and 
meteorological data used were not local to the Marston Vale, where the landfill sites 
of interest are located. but were recorded 40 miles away. The output indicated 
concentrations downwind of the point source, but as referred to above gave no 
indications of times and duration of odour being present in the environment. There 
was no indication on how the components identified in Section 4.2, were implicated in 
an odour event. Use of a dispersion model could not provide information on bow 
variation in the qualities or attributes of individuals may contribute to exposure to 
odours. Neither was there any indication of how these attributes interact with spatial 
and temporal factors to produce an odour event. Therefore, the questions surrounding 
the importance of the attributes and factors could not be answered by use of a 
dispersion model and so it was not used further in this research. 

There are limitations associated with the use of dispersion models that may make their 
use in landfill odour studies not so straightforward as say studies in brickwork 
pollution. This does not mean to suggest that such studies are worthless. Indeed this is 
far from the case and is why the interdisciplinary method proposed in Chapter 1 
recommends the use of dispersion models. It is proposed in this thesis for dispersion 
models to be used in tandem with a population response model developed from the 
research activity. This would result in identification of areas likely to be affected by 
landfill odour pollution and the extent it impacts on communities or individuals. 
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The details of the design of the panel are introduced in Section 4.5 and are discussed 
further in Chapters 5 and 6. Additionally, the case study, that of landfill odour, is 
discussed. Firstly, it is necessary to provide background information on landfill 
processes and management, and release and dispersion of odour from such sites. This 
is undertaken in Section 4.4 below. 

4.4 Choosing a Case Study: The landfill site as an odour source 

Odour pollution produced from landfill forms the case study for the research. This 
section examines, briefly, the landfill as an odour source, namely site operations, 
decomposition processes; odour production; odour control techniques, and release, 
dispersion and behaviour of landfill odour in the environment. The problems the 
landfill poses for operators and regulators, as well as for the surrounding community, 
contain all the elements of an appropriate case study. It will become apparent that 
landfill odour is a complex phenomenon, in terms of its production and release, its 
chemistry and its behaviour. This poses serious difficulties for landfill operators and 
regulators in their efforts to control emissions and their impact. This section provides 
background material for the following section in examining landfill odour pollution 
and its assessment in the Marston Vale in Bedfordshire. 

4.4.1 The landfill as an odour source 

Waste disposal sites over 5000 years old have been found in many parts of Europe 
(Senior 1990). The roots of the modem landfill found in Britain today lie in 
legislation dating from the 1930s. Regulations stipulated several new steps should be 
taken in waste disposal. Firstly, controlled tipping of wastes at landfill sites should 
take place in layers no more than 6 feet deep. Secondly, cover should be applied to 
exposed waste surfaces within 24 hours of emplacement. Thirdly, that screens should 
be erected around the site margins to prevent the escape of litter from the site (Senior 
1990). These actions were taken to prevent problems such as waste fires, infestation 
by vermin and flies and the escape of litter and that had occurred up to that time. It 
was also hoped that the use of daily cover would prevent the escape of odours from 
the site. However, despite these and later regulations, the introduction of new 
technologies and management techniques and, overall, a greater professionalism on 
the part of operators and regulators, odour pollution still occurs. 

The reasons for these problems with landfill odour arise from the fact that waste can 
be inherently odorous. It consists of materials that will decompose, releasing 
odiferous chemicals into the environment. The landfill site will contain substantial 
quantities of this material spread over a large area exposed to the environment, and 
which may take decades to finally complete decomposition. Therefore the operator is 
trying to control odour emissions from materials that will naturally release odour, 
which are initially exposed to the open air and will permit passage of odour-causing 
chemicals from lower down in the waste to the surface. Not only does the operator 
have to deal with waste odour on a daily basis, but also has to deal with the problem 
over the long-term. 
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Refuse decomposition processes leading to evolution of bulk and trace landfill gases 
are understood in general terms (Farquhar and Rovers 1973, Senior and Balba 1990, 
DoE 1991). It is known that waste breakdown in stage I is initially aerobic in nature, 
that is it occurs in the presence of oxygen. Decomposition processes involve the 
activity of groups of microorganisms and invertebrates. These include genera of 
bacteria such as Bacillus, Pseudomonas and Achromobacter; fungii such as 
Aspergillus, Fusarium and Penicillium, and invertebrates such as mites, millipedes 
and nematodes (Senior and Balba 1990). When the oxygen present in the waste is 
consumed, waste breakdown becomes anaerobic in nature and stages II, III and IV are 
reached. Initially, breakdown is carried out by facultative anaerobes and finally, by 
obligate anaerobes, including Clostridium sp. and Syntophomas sp (Senior and Balba 
1990). Facultative anaerobes are organisms that tolerate the presence or absence of 
oxygen; obligate anaerobes can live only in an oxygen free environment (Crawford 
and Smith 1985). The length of time taken for waste breakdown to reach stage IV can 
vary. Farquhar and Rovers (1973) estimated the time taken varies between 180 and 
500 days. During the different stages of breakdown, different by-products are 
released. These include gases that are produced in varying quantities. During the 
aerobic phase the major gaseous by-product is CO2, during the anaerobic phase CH. 
and CO2 are released. The bulk gases emitted by landfills are shown in Table 4.2. 

Bulk Gases Typical value Observed Maximum 
(% volume) (% volume) 

Methane (CH.) 63.8 88.0 
Carbon dioxide (CO2) 33.6 89.3 

Nitrogen (N2) 2.4 87.0 
Oxygen (02) 0.16 20.9 

Hydrogen (H2) 0.05 21.1 

Table 4.2: Bulk Gases found in Landfill gas 
(From DoE Waste Management Paper Number 27: The Control of Landfill Gas 1991) 

Although these bulk gases are odourless, they may be contaminated by odour-causing 
gases, which form only 10% of the total quantity of gas released. but are responsible 
for all the odour (DoE 1991). These minor constituent gases are shown in Table 4.3. 

Landfill operators not only have to deal with odour from raw waste, but also from 
gases released from emplaced wastes. Odour may be produced from other sources at 
the landfill, such as leachate. (liquid by-product released from wastes), and any 
chemical treatment plants or lagoons that may be present. 

It is also known that there are many odour-causing chemicals released by landfill 
wastes (Young and Parker 1983, Young and Heasman 1985. DoE 1991, Rettenberger 
and Stegmann 1991). Odour-causing chemicals include limonene, amines, such as 
trimethylamine, benzenes, xylenes, alcohols, such as butan-2-o1 and esters. 

The type of compound and their quantities are thought to vary with a number of 
factors. These include waste age and the stage of breakdown reached, waste type and 
co-disposal (where liquid and solid wastes are disposed together), pre-treatment and 
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site factors. Young and Parker stated in several papers (1983, 1984, 1984) that they 
believed that the critical factors in odour production were waste age, decomposition 
stage and pretreatment. They reported that younger wastes in early decomposition 
were likely to produce compounds that were more odorous. These include oxygen and 
sulphur bearing species, such as mercaptans. Pretreatment such as shredding may 
increase odour production levels due to an increased waste surface area on which 
bacteria can act. Baling will reduce odour production levels for the opposite reason, 
which is reduced waste surface area. Watson-Craik et al (1992) stated that odour 
potential could be greatest at co-disposal sites, where industrial wastes containing 
chemicals such as toluene and trichloroethylene are disposed with domestic ones. 
Young and Parker (1983) reported that this is not an important factor. In other articles, 
such as Farquhar and Rovers (1973) and Senior and Kasali (1990), no references were 
made to co-disposal contributing to overall odour impact. However, Farquhar and 
Rovers (ibid) and Young and Heasman (1985) report that landfill conditions can be 
very site specific and, possibly, what is observed at one site may not occur at another. 
There is some agreement about the presence of particular materials, such as heavy 
metals and certain organics, which inhibit waste breakdown and hence odour 
production levels may fall. 

Minor gas Fonnula Molecular weight Odour quality and 
hedonic tone 

Butyl benzene C.H,C.H. 134 DO odour 
Butan-2-01 CH3CHOHCHzCH3 74.2 sweet, pleuaDt to 

neutral 
Butyl acetate CH,COO(CHz),CH3 116.2 Iweet, pleuaat 

Di-methyl amine (CH)zNH 45.08 fishy 
Dimethyl sulphide (CH3)zS 62.3 decayed 

vqetabla 

Ethyl benzene C.H,CzH, 106.7 
Ethyl butanoate CH)CHzCHzCOO 116.6 

CzH, 
Hydrogen sulphide HzS 34.08 rottea ea odoar 

Limonene lemoD 
Methyl mercaptan CH,SH 48.11 lulphldy, paDleDt 

decayed cabbaae 
n-propylbenzene C,H7C.H, 120.9 

Propyl propionoate CH)CHzCOOC)H7 116.16 
Trimethylamine (CH3)3N 59.11 Rshy, paaleat 

Xylenes 106 Iweet 

Table 4.3: Some mlDor compoaeatJ of LaDdfili Gases 
(From Verschueren 1977) 

As a result of the large number of chemicals which can potentially cause 
environmental odour that are released from the landfill sites and their varying 
quantities, the landfill operator has to deal with an odour that varies in character. This 
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may cause difficulties with trying to identify what the source of the odour is and 
attempts to control it. 

4.4.2 Factors affecting landfill odour emissions 

There are several groups of factors that will influence landfill emissions. These 
include the chemical properties of the odour-causing compounds, the conditions 
within the landfill and climatic influences. 

The characteristics of odour-causing compounds, which affect whether they are 
released or retained within the landfill, are solubility in water, sorptive qualities, 
vapour pressure and molecular weight. If the compound is water soluble, it is likely to 
retained within fluids in the waste or within leachate. I f it is not soluble it may be 
retained within wastes or released (Mackay and Stiver 1991). If the chemical is easily 
adsorbed, for example on to clay particles, mineral particles or organic materials, it is 
more likely to be retained by the wastes or cover material. The vapour pressure, 
defined by Baker and MacKay (1985) as its solubility in air, indicates how volatile the 
chemical is. If it is volatile, it will evaporate easily (Mackay and Stiver 1991). Many 
landfill odourants, such as ethyl butanoate and butan-2-01, are highly volatile. Low 
molecular weight compounds will volatilise more easily than those with high weights. 
Again, many landfill odour-causing chemicals, such as methyl mercaptan have low 
molecular weights. The mixtures of chemicals that are released from landfill sites may 
affect odour qualities (Haring 1974). 

Conditions within the landfill will also affect odour emissions. These include 
substrate moistness, temperature and the type of cover material. Ordinarily, there is an 
optimum level of waste moistness when the potential for odour release is greatest. 
Too much or too little moistness will impede odour release, as pores facilitating 
release of odour will be blocked or more sites for adsorption will be exposed (Baker 
and Mackay 1985). Therefore chemicals which are easily adsorbed will be retained 
within the waste mass. It could be argued that wastes should be kept deliberately 
excessively dry or wet by operators as a means of controlling odour release. However, 
this may adversely affect waste breakdown processes in general, which in tum would 
affect the aim of a stable waste mass. Elevated temperatures within the waste 
increases vapour pressure, which in turn increases volatilisation rates and enhances 
the release of odour causing chemicals (Baker and MacKay 1985). The cover material 
will impede odour release if it is of satisfactory depth, has low porosity and has a high 
clay or organic content as it would "trap" odour causing chemicals (Baker and 
Mackay 1985). 

The landfill operator has not only to deal with the landfill itselfwhen attempting to 
control odour. As mentioned above, the landfill site is interactive with the local 
physical environment. Climate is an important factor in landfill behaviour and 
emissions of odour. Climatic factors affecting emissions are temperature, atmospheric 
pressure, infiltration by water and air turbulence at the surface. These factors may 
operate singly or at the same time (Mackay and Stiver 1991). The existence of a 
temperature gradient between the wastes and the atmosphere will increase emissions 
(Baker and Mackay 1985). A large gradient between a warm landfill and a cool 
surface enhances thermally induced diffusion of volatile compounds into the 
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atmosphere (Baker and MacKay 1985). Similarly, fluctuations in atmospheric 
pressure may act like a pump, and push gases out of the landfill. Movement of water 
can result in odourants being brought to the surface of the waste. Water can block 
adsorption sites, permitting odourants to escape. The mass flow of water in waste can 
result in upward movement of chemicals. As water evaporates at the surface. more 
water carrying chemicals is drawn up to the surface from lower down in the waste. 
Once at the surface. the water and the chemicals it brought to the surface can 
evaporate (Spencer and Cliath 1977). 

4.4.3 Transportation of odour from its source 

Once at the surface, odour-causing chemicals can cross the thin laminar layer of air 
running over the waste surface, into the turbulent layer of air above. The laminar layer 
is, at. most a few millimeters deep and its flow is smooth and non-mixing. Its depth is 
influenced by surface roughness and wind speed (Oke 1992). Over smooth surfaces or 
on very windy days the layer will be thin or possibly absent (Oke 1992). Chemicals 
will cross this layer by molecular diffusion. Evaporation into still air will be slower. 
than on windy days but will still occur (Shen and Toffiemire 1980). Once through the 
laminar layer, the chemicals move into the turbulent or constant flux layer (Oke 
1992). Here they may form a pollution plume that could be described as an isolated 
column of gases, vapours or particulates produced by processes at a source. which are 
chemically or physically distinct from the surrounding air. A plume may not have a 
chance to form if wind speeds are high, the chemicals may be diluted or dispersed 
instead. If a plume does form, it may be transported away from its source. If this 
occurs, then individuals living downwind of the source's origin may be exposed to the 
chemical contents of the plume. When this happens, communities are exposed to 
odour pollution. 

Whilst being transported, the plume will be diluted by mixing with non-odorous air. 
This eddying action has two results. Firstly. the odour concentration may vary along 
the plume's length, which means that the odour impact may also vary as the plume 
travels to a particular location (Page et al 1997). Secondly. mixing will ultimately 
dilute the odour concentration to a point where it is no longer detectable and therefore 
will no longer have the potential to cause annoyance. The odour-causing compounds 
within the plume will also undergo physical or chemical changes, which will also 
affect the plume's annoyance potential. For example, the compounds will decompose, 
or break down, into smaller molecules or into constituent atoms. Again, these actions 
will affect the plume's odour. 

4.4.4 Techniques to controllandflU odour 

There are methods available to control landfill odours. One is the use of daily cover 
material, where the freshly deposited waste is covered at the end of the working day 
(Crawford and Smith 1985). It can consist of any non-putrescible material, such as 
sacking, builders' rubble or compost. How effective each of these cover materials are 
as a means of control is not clear. If the material has sorptive qualities, odour-causing 
chemicals may bind to it. If it does not have this property, then chemicals may escape 
through it. When the landfill is filled to capacity, it is covered with a permanent cover, 
to prevent, amongst other things, uncontrolled escape of gases to the atmosphere. 
Control of gases produced during waste decomposition is usually done via a gas 
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extraction system. The gases are drawn through the waste via a pipe network, brought 
to the surface and burned off. There are concerns that this flaring off of gases may not 
be effective at burning all gases fully, resulting in the occurrence of odour pollution 
(ENDS Report 1998). The pipelines remain in the wastes after site closure in order to 
extract gases evolved during the final stages of decomposition. The final means of 
controlling odour impact is the use of masking agents to disguise the odour. 
Cheremisinoff (1992) writes that chemical sprays can control odours. On the other 
hand, Summer (1971) writes that masking agents are ineffective and their use consists 
of 'adding a stink to hide a stink'. 

The use of cover material and gas extraction systems both attempt to prevent odour 
release from the waste. Masking agents are the only attempt at preventing odour 
pollution impacts after release and are attempts to disguise odour rather than 
controlling it. 

4.4.5 Summary of Section 4.4 

• Waste breakdown leads to production of many different potential odour-causing 
chemicals. 

• Processes within the landfill and external factors will influence when and where 
odourants are released. 

• The odourants released into the environment can then be dispersed through the 
environment and be sensed by members of the local community. 

• The operators face many difficulties when trying to manage this complex 
phenomenon. They may not fully understand the processes operating within the 
waste at anyone time and, it is arguable, how much they can control these 
processes. They may not know precisely what kind and quantities of odourants are 
released into the environment. They also may not know when odours are emitted or 
from what places on the landfill site. 

• Factors, such as the climate, which are out of the operator's control, will affect 
landfill odour emissions and where those emissions travel in the environment. 

Landfill sites fall into a group of odour sources that are open to the environment and 
are, to varying extents, difficult to control. Other sources in this category include 
sewage treatment plants or agricultural sources such as pig farms. The odours from 
these sources are difficult to manage because of the complexity of their of behaviour 
and their interactions with the environment. 

4.5 Research Activity 

The background and details of the research activities undertaken for this thesis are as 
follows. Table 4.4 summarises these details. 

(It should be remembered that a questionnaire survey and a pilot study using a 
monitor panel were carried out prior to the research activity for this thesis. However, 
these earlier activities formed much of the basis for this research and are referred to 
frequently throughout this thesis.) 
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Date Activity 
1993 Questionnaire survey carried out in Manton Vale 

(see Cbapter 5) 
1994 Pilot study panel formed and starts to produce 

reports 
Summer and Winter 1996 Inspection of data from pilot study panel. Leads plan 

of researcb activity, including formation of new 
panel· 

Spring 1997 New style panel Introduced to facilitate researcb for 
tbls tbesls· 

• actiVity undertaken dunng the course of the research for thIS theSIS 
Table 4.4: Summary of researcb activities Into landfill odour pollution 

undertaken at International Ecotecbnology Researcb Centre 1993 to 1997 

4.5.1 Pilot study 

In 1994, prior to this thesis, an odour-monitoring panel was fonned in the Marston 
Vale area of Bedfordshire (see Chapter 5). This area contains two landfill sites that 
had generated odour annoyance in the local community. The monitors were asked to 
sniff the air at their homes on a daily basis and state if they had smelled an odour and 
try to identify it. The data produced by this panel were then analysed. Firstly the data 
were examined for the following, 

• The times of reports 
• The locations of reports 
• The numbers of reports relating to different odour types 

The data were analysed on the basis of monitor type, for example gender, age and 
occupation. This was done in order to establish ifpersonal attributes were related to 
odour reporting. It became apparent that not enough infonnation was known about the 
background of the monitors, for example if they smoked, the length of time they were 
at home and their opinion of different aspects of their locale. This problem is 
discussed further in Chapter S. Despite this, sufficient insight into monitoring 
behaviour was developed which led to the development of a simple model of 
response, an "odour reporting tree". 

4.5.2 Tbe odour monitoring tree 

An overview of the tree is shown in Figure 4.2 and is developed further in Chapter S. 
The tree shows how different components were identified which affect the exposure 
of an individual to odour and how they relate to each other. They are loosely grouped 
together as follows; 

• The Spatiatrremporal component, which include where the individual is in relation 
to the source and times and lengths of time when they may be exposed to odours. 

• The Lifestyle component, including smoking habits and employment pattern. 
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• The Psychological component which includes opinion of the local area, including 
landfill sites. 

• The Physiological component including age, gender and health. 

The tree was designed to illustrate what circumstances and qualities occur which lead 
to an individual, in this case a panel member, detecting the presence of an odour or 
not. On the basis of the data analysis and development of the tree, the next stages of 
the research activity were developed. It was decided to re-design the pilot study panel, 
to change how data were recorded and obtain additional infonnation on the monitors. 
As briefly mentioned in 4.5.1, very little infonnation was known about the monitors. 
Their ages, gender, occupations (with some limitations) and addresses were known. 
Other infonnation, such as smoking habits, health and employment pattern were not. 
These details related to the attributes examined above and in Figure 4.1. So, for 
example, the location of the home of the monitor was a spatial factor~ their health a 
physiological one. Inspection of the data from the pilot study indicated that at least 
some of these unknown details may have influenced the reporting patterns seen. 

Physiological 
Factors 

Spatial and Temporal 
Factors 

Lifestyle 
Factors 

Psychological 
Factors 

Figure 4.2: Schematic representation of the odour-moDltoriDI tree 

For example, did one monitor report an odour that they detected, which their 
neighbour did not because their neighbour was absent from home. By obtaining more 
data on monitors and more detailed reports, it was hoped to gain more information on 
individual variability in exposure to odour, as well as morc information on the extent 
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of odour impact. The data provided would be inspected to identify patterns in general 
reporting behaviour. 

4.5.3 Re-design of monitor panel 

The shortcomings of the initial panel were recognised when the data produced were 
analysed. Taking this and the model of response into account, the panel design was 
changed to include firstly, a new method of recording data and secondly, obtaining 
more infonnation on the attributes of volunteers. This is discussed further in Chapters 
5 and 6. 

The panel members were asked to complete pre-printed report sheets (see Appendix 
A) rather than record their results in blank notebooks and were asked to sniff for 
odours at the same time of day, rather than at any time, so as to overcome the problem 
of missing and incomplete reports. They were asked to complete brief questionnaires 
to provide infonnation about themselves, so that the effects of personal attributes 
could be identified, including smoking habits, working patterns and opinion of the 
Marston Vale (Appendix A). They were also asked to complete a diary for one week, 
recording times when they were away from home (Appendix A). It would then be 
possible to estimate the length of time individuals could be exposed to odour. 

Monitors were asked to sniff the air outside their homes daily and report if they 
detected an odour or not. If they did detect an odour, they provided infonnation on 
what they thought the odour source was, the characteristics of the odour, its duration 
and the details of the circumstances the odour was detected in. 

4.5.4 Monlton reports and data bandllng 

The monitors' reports were examined to identi fy patterns in reporting. This involved 
breaking the reports down by differing monitors attributes, such as age, gender, 
working pattern and length of time monitoring. The reports were broken down by 
area, to identify locations more or less likely to experience odours, particularly landfill 
odours. 

As a means of assessing the accuracy of reports, monitors were asked to describe 
cloud and visibility at the time of their report. These descriptions were then compared 
with other monitors' reports to see if the descriptions were similar. It was also decided 
to compare the monitors' reports to wind direction and wind speed recorded at the 
time of their report. This was undertaken to identify if the report was likely to be an 
accurate reflection of an odour event taking place. It was also useful to identify 
monitors who appeared to be more or less accurate with their reports. 

4.5.5 Monlton leavlnl tbe panel 

When the monitors had left the panel, they were asked to complete post-monitoring 
questionnaires. These questionnaires asked them questions relating to the monitoring 
in order to get the monitors perspective of taking part in the project. They were also 
asked what they thought of their odour reports, why they had volunteered to monitor 
and if they had ever complained about odours. Some of these questions had to be 
asked after monitoring, but others, it was thought, may have influenced monitors 
reports. Hence the questions were asked when the monitors had left the panel. 
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4.6 Concluding comments 

The research question asks to what extent the personal attributes of the individual, 
their physiology, lifestyle and location, influence their exposure to landfill odour. It 
also attempts to outline a framework within which a model could be developed. The 
three objectives arising from this question relate specifically to identification of a 
framework within which a model could be developed (objective I) and the two 
objectives on which such activities depend. These two objectives are firstly to 
demonstrate the variability of response to odour found in a population due to 
physiological and lifestyle attributes (objective 2) and secondly, identify how spatial 
and temporal factors influence exposure (objective 3). 

In order to answer these questions the use of an odour-monitoring panel was selected 
in preference to other techniques. The use ofGC-MS and other laboratory-based 
techniques were judged inappropriate for work identifying the variability of response 
to odour in the field. The possibility of using dispersion modeling was examined and 
rejected on account of it being unable to provide infonnation on the qualitative 
aspects odour impact, such as duration of exposure and intensity of odour. It was also 
decided that dispersion modeling might not be appropriate for use in conjunction with 
landfill odour emission. The landfill as an odour source, which fonns the case study 
for this research, is perhaps is complex and contains many "unknowns" which a 
dispersion model could not easily deal with. 

The use of a panel was selected in preference to using complaint data or social 
surveys, for the following reasons. Firstly, complaint data may not give a complete 
picture of the extent of nuisance. Also, nothing is known of the personal attributes of 
individuals making complaints apart from their location and the time of the complaint. 
Social surveys could be designed to ask for infonnation about respondents' 
backgrounds, but they rely on recall and may be subject to the vagaries of press 
campaigns or bad pUblicity. The use of a panel could overcome these problems whilst 
providing insight into the experience of odour pollution in conjunction with the 
attributes of individuals. It could be designed as follows, 

• To obtain background information on panel members, to identify their personal 
attributes 

• To test the panel members olfactory ability 

• To produce standard reports of odour events 

By doing this, variables affecting exposure and response to odours could be identified 
and a framework developed. Such a framework could form the basis for a population 
response model. Such research could also take into account the importance of spatial 
and temporal factors in odour pollution events. 

59 



Chapter 5 

The Pilot Study and the Case Study Context 

5. 1 Introduction 

In the previous chapters of the thesis, important background information and concepts 
were introduced. In Chapter 2, the variability of the ability of the individual to detect 
and respond to odour was discussed. It was noted that the experience of odour can 
vary markedly between individuals, and is not merely a physiological process, but 
also an emotional one. In this respect, odour is a unique atmospheric pollutant in its 
possible effects on individuals and communities. In Chapter 3, the methods available 
to researchers working on odour pollution were discussed. It was noted that the 
techniques divided into two major groups. These were instrument-based techniques 
and sensory or social methods. Such techniques can be used separately or together, 
although the usual scenario is for the techniques to be used individually. Finally, in 
Chapter 4, the research objectives and questions arising from them and the research 
method were discussed. It was argued that in order to identify the variability of 
response present in the community, the use of a population odour-monitoring panel 
would be appropriate. 

In this chapter, the research context, landfill odour pollution in the Marston Vale area 
of Bedford shire, and the project history are described. Previous research activity on 
this issue and how it affected the research activities for this thesis are also presented. 
The history of the project, discussed in Section 5.2, will be seen to have influenced 
much of the research activity, particularly the use of the pilot panel. This included the 
development of an 'odour monitoring tree', discussed in Section 5.3, which attempted 
to clarify the circumstances surrounding the exposure and response of the individual. 
It was based on the olfactory factors identified in Chapter 2, as well as reports from 
the pilot panel, first discussed in Section 4.5. Data from the pilot panel also influenced 
further activity related to the design of a new panel used for this research. 

5.2 The research context: Landfill odour pollutJon In the "'.rston V.,. 
The Marston Vale area of Bedfordshire is located to the southwest of Bedford 
(Ordinance Survey Landranger map 153, grid reference casting 493000 to 504000, 
northing 234000 to 247000) and is shown in Figure 5.1. It has an area of 
approximately II Okrn2 and contains a number of villages. Agriculture fonns the 
dominant landuse throughout the Vale. There are two brickworks located at the 
villages of Stewartby and Kempston Hardwick. One landfill operator runs two sites at 
Stewartby and 2krn north of Brogborough village (these have been shaded on Figure 
5.1). There is another landfill located to the south of Bedford at Eistow, on the 
northern border of the Vale. There are two main roads within or on the margins of the 
Vale. These are the A421, running from Bedford to Milton Keynes and the M 1 
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Key to Figure 5.1: 
1:-: -:.:- : -: ·1 Landfill sites 

Monitor locations 

Reproduced from the 1994 Ordnance Survey Landranger 1 :50000 Map with the permission of the 
Controller of Her Majesty's Stationary Office, © Crown Copyright EO/96A 

Figure 5.1: Map of the Marston Vale in Bedfordshire 
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located along the southern margin of the Vale. Therefore, within the Vale there are 
different sources of odour. The landfills, the brickworks, agricultural practices and 
traffic in the Vale are all potential odour sources. 

The history of the case study is found in complaints made to the operator responsible 
for the two landfill sites at Stewartby and Brogborough. The complaints originated 
almost exclusively in the village of Cranfield (95%), in the southwest of the Vale, 
although some arose in Stewartby (5%). The operator wished to identify if these 
complaints accurately reflected the extent of odour impact from their sites. An 
administered questionnaire survey was conducted in 1993 at settlements throughout 
the Marston Vale (Longhurst and Cousins 1994). It revealed that, far from odour 
impact being centred on Cranfield, there were other settlements, where odour was 
cited as a source of nuisance. The results of the survey showed that most of the 
settlements listed in Table 5.1 reported general odour nuisance. Two settlements not 
reporting odour nuisance were Lidlington and Wood End. Of the settlements reporting 
odour nuisance, all except Kempston and Wootton Green, reported landfill odour as a 
source of nuisance. The results of the survey are summarised below. 

Settlement Number of Reference to odour Reference to 
surveyed households nuisance landfill odour 

surveyed nUisance 
Kempston 40 3 0 
Cranfield 73 17 12 
Wootton 62 7 2 

Marston Moretaine 41 21 9 
Wootton Green 15 2 0 

Kempston H'wick 2 2 2 
Stewartby lJ 5 2 

Brogborough 4 I I 
Lidlington 22 0 0 
Wood End 9 0 0 

Table S.I: The results of the Questionnaire survey conducted ID 1993 

As discussed in Section 4.2, there is some disagreement about whether complaints are 
an appropriate means of assessing the impact odour has on atTected communities. This 
was shown not to be the case in the Marston Vale, as revealed by the questionnaire 
survey, where odour nuisance was more widespread than complaints suggested. 
Therefore in order to clarify the picture of odour impact, that is to assess the extent of 
odour impact, a pilot study using a monitor panel was instigated by staff at the 
International Ecotechnology Centre (see Section 4.5 and Table 4.4). 

A small odour monitor panel, of 19 people, was organised, located at settlements 
throughout the Vale. The monitors were people who were interviewed during the 
questionnaire survey and had stated that they would be willing to take part in a panel. 
They attended meetings where the project was explained to them and they were told 
what was required of the odour monitor. They simply had to snitTthe air on a daily 
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basis at a time of their own choice and report if they smelled any odours and record 
the details. They sent their reports to the Centre on a monthly basis. Odours were 
divided into 4 categories. They were landfill, brickworks, agricultural and local 
(other) odours. They also underwent simple tests to assess their sense of smell 
(discussed in greater detail in Chapter 6). The tests assessed their ability to 
discriminate between different odours and their ability to detect different odour 
intensities and thresholds. The panel commenced work in 1994, prior to the beginning 
of this research. 

During 1996, the data submitted by the monitors were examined in detail during the 
course of this research. The data were broken down so that reports were examined on 
the basis by monitor location, gender, age and employment. This method of report 
breakdown was selected on the basis of factors affecting olfactory ability identified in 
Chapter 2. Certain patterns of reporting emerged. briefly summarised below. 

• The breakdown of odour reports is shown in Table 5.2. It is apparent that landfill 
odours were most frequently reported. followed by local and brickwork odours. 

Odour type % reports 
Local odours 27 

Landfill odours 34 
Brickworks odours 27 
Agricultural odours 12 

Table 5.2: Percentages of different odoun reported by pilot study panel 

• Certain locations produced more reports of odour of different types than others. 
The breakdown of the most commonly reported odour source reported at each 
settlement is shown in Table 5.3. 

Location Odour type most frequently reported 

Brogborough Local 
Cranfield Local 
Kempston Brickwork + LandOn 

Kempston Hardwick Brickwork 
Lidlington Local 

Marston Moretaine Brickwork 
Stewartby Landml 
Wootton Brickwork + Landfill 

Wootton Green Agricultural 

Table 5.3: Most commonly reported odour at eacb loeadoD 

• Different types of odour varied in the number of times they were reported. The 
times of reports peaked at certain times (8am, 3pm and 7pm). Landfill odours were 
most frequently reported at 8am and 7pm. 
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• Monitors varied on the total number of days when they submitted reports. It was 
not clear if this affected the numbers of reports they submitted. For example, one 
monitor provided reports on 59 days out of a possible 184 days (32.1 %), whilst 
another monitor provided data on all 184 days. Some monitors reported when they 
were absent and unable to make reports, but others did not. The quality of reporting 
is discussed below . 

• There were differences in report numbers based on gender and age. The results can 
be briefly summarised as follows. Male monitors reported landfill odours most 
frequently (51% of reports). Female monitors reported brickwork odours most 
often (38%). The age group 36 to 45 years of age reported odours most frequently 
and the 56+ years age group least frequently. The 18 to 25 age group reported 
landfill odours most frequently, the 56+ group reported brickwork odours most 
often. An attempt was made to identify if employment pattern affected report 
numbers, but unfortunately not all monitors reported if they worked full- or part­
time and what their jobs were, or if they were economically inactive. 

The inspection of the data from the pilot panel revealed two major areas of interest 
that related to the research questions discussed in Chapter 4. The first issue that came 
to light was that the design of the reporting method resulted in apparently missing or 
incomplete reports being made. Some monitors did not provide all the infonnation 
required, so that reports did not have details such as the time or odour type. This made 
including their reports in the analysis difficult. Monitors also did not state why a 
report had not been made. Therefore it was not known if the report had not been made 
due to behavioural factors such as their forgetting to monitor, to their being ill or 
away from home at that time. It should be remembered that the research questions 
involved trying to identify the extent of odour exposure in different communities or 
amongst different types of individual. Therefore missing reports resulted in loss of 
data on exposure and detection levels experienced by communities and individuals. 
The identification of causes of missing reports was an important part of development 
of the odour-monitoring tree (see Section 5.3), which attempts to identify the 
circumstances behind monitoring for odours. In an attempt to overcome the problem 
of missing reports, report sheets with lists of questions and guidance notes for 
monitors were provided (see 6.4.4 and Appendix A). 

The second area of interest related to the results that were obtained from the data 
analysis. It became apparent that there were peak times for reports, in the morning. the 
mid- and late afternoon. Was this pattern associated with the monitors' behaviour? 
(see research questions in Section 4.2). The different locations where monitors were 
situated produced different levels of odour report (see research questions in Section 
4.2). As with the missing reports, these results helped generate more detailed 
questions related to how the behaviour of individuals and their location may atTect 
exposure levels. The times when most reports were made were those when people are 
most likely to wake up and go out to work (8am), and when they come home apin 
from work or from errands, for example bringing children home from school (3pm 
and 7pm). Therefore, did these peaks arise as a result of individuals being present to 
smell the odours or due, perhaps to the odour sources commencing or finishing work 
at those times. It was expected that more complete reports, providing information on 
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monitors' locations, behaviour and reporting times would clarify the circumstances 
surrounding odour reports. 

Similarly, the reports generated by monitors at different settlements showed that the 
villages were affected by differing odours. It would be anticipated that the settlements 
reporting landfill or brickwork odours would be those which were to the northeast of 
the relevant odour sources, as the prevailing wind blows from the southwest. 
However, this was not always the case. The settlements to the south and west of the 
vale, Cranfield, Brogborough and Lidlington reported local odours most frequently. 
This suggested this pattern was due to their being upwind of the landfill sites in the 
vale. Marston Moretaine monitors reported brickwork odour most frequently. despite 
being upwind of that source. Landfill odour was not so frequently reported although it 
is in the same direction as the brickworks. Stewartby monitors reported landfill odour 
most frequently. Proximity cannot explain the discrepancy of landfill odour being 
reported. but brickwork odour not being reported as Stewartby adjoins both types of 
odour source. The monitor at Kempston Hardwick reported brickwork odour most 
often. even though the Lfield site is to the southwest. Wootton and Kempston reported 
brickwork and landfill odour most frequently. even though they were not to the 
northeast of these sites. which would place them downwind of the sites. Wootton 
Green was the exception in producing agricultural odour reports most frequently. On a 
basic sketch map (Figure 5.2), it can be seen that the settlements between the 
northwest and the southeast (Wootton Green, Cranfield. Brogborough and Lidlington) 
did not report landfill or brickwork odours the most often. Settlements between the 
southeast and northwest (Marston Moretaine, Stewartby, Kempston Hardwick. 
Kempston and Wootton) did report these specific odours most frequently. It was 
decided to compare the reports from the re-designed monitoring panel with wind 
direction and speed to identify if there was a relationship. It was apparent that 
individuals at different locations in the vale had differing experiences of odour. It was 
notable that whilst landfill odour was frequently reported by monitors and this agreed 
with the complaints data, Cranfield monitors did not report landfill odour most 
frequently. This was despite it being the source of nearly all complaints relating to this 
odour. This in itself illustrated the danger of relying on complaints data as a means of 
odour impact assessment. 

It has been highlighted in Chapter 2 that there are a number of attributes that will 
affect exposure and response to odours. There were differences in report patterns 
amongst monitors of differing ages and genders. The background infonnation on the 
pilot panel monitors was limited. Their age. gender and occupations were known, but 
other infonnation such as health. smoking and occupational exposure to hannful 
materials were not. Therefore. all these attributes may affect the ability to detect 
odours could not be examined. It was decided as a result of this to obtain more 
infonnation from a pre-monitoring questioMaire (see 6.4.2). The differences in 
reporting patterns between different age groups and gender again gave rise to further 
questions about other factors. discussed in Chapter 2. which may also influence odour 
detection. The questions arising from the analysis are summarised overleaf in Table 
5.4. It can be seen that these questions are directly related to the research questions 
raised in Section 4.2. Questions 7 and 9 relate to the first research question addressing 
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how physiological attributes affect odour exposure. Questions 4 and 5 relate to the 
second research question addressing how behavioural factors influence exposure to 
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Figure S.l: Simple sketch map sbowlnllettlement, ... elfIU .. d brlekwork 
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(The line running through the map from middle left to bottom right separates the 
settlements reporting landfill and brickwork odour. from those that did not) 
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odour. Questions 1 and 6 relate to the third question raised in Section 4.2. which 
examines the importance of location in odour reports. Some of the questions shown in 
Table 5.4 relate to more than one research question. Questions 2 and 11 below relate 
to the first and second research questions. Questions 8 and 10 relate to all the research 
questions. 

Result from pilot study and data analysis Question raised 
Settlements affected by di fTerent odour 1. Does tbls arise due to environmental 
types factors, sucb as location? (Cbapters 3 

and 4) (see Cbapter 8) 
2. Is It a result of tbe type of monitor 
and tbelr lifestyle found at eacb 
location? (Cbapter 2) (see Cbapten 7 
and 8) 

Peak reporting times 3. Does tbls arise due to operational 
factors on site? (Cbapter 4) 
4. Does tbls arise due to monitor 
lifestyle? (Cbapter 2) (see Cbapter 7) 

Variation in number of days reports were 5. Is tbls due to monitor behaviour? 
made and the number of reports For example work patternl, lenath of 

time spent outside (Chapter 2) (lee 
Cbapter7) 

Variation in reports made by different age 6. Is tbls due to the locatlonl where 
groups different monlton live? (Chapten 3 

and 4) (lee Cbapter 8) 
7. Is It due to ale alone? (Chapter 1) 
(see Cbapter7) 
8. Is tbere Interplay of other radon, 
for example ale and location, Urestyle 
(Chapten 1 and 3) (lee Chapter7) 

Variations in reports made by gender 9. As wltb results rrom ale lroaps, Is 
tbe result seen the prodact or 
gender?(Cbapter 1) (lee Chapter 7) 
10. Is It the result of other racton, lueh 
as location, ale? (Cbapter %) (see 
Chapters 7 and 8) 

Possible variation in other groups such as II. Due to the different report patternl 
smokers and non-smokers due to ale and lender, wu there other 

attributes sach u health whleh may 
Innuence expolure levels? (Chapter 1) 
(lee Cbapter 7) 

Table 5.4: Summary of questions raised from a.alylls or pDot ltudy data 

It can be seen from the summary in Table 5.4. that there were many questions raised 
from the pilot study. It should also be noted that the questions fall into categories 
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relating to the components of the issue identified in Section 4.2 and Figure 4.1. These 
components were identified as physical, physiological. psychological and lifestyle 
factors and penneate all the research questions raised. For example, the observation 
that certain settlements appeared to be affected by a particular odour type posed the 
following questions. Firstly, did this pattern arise due to the location of the monitor 
relative to the site? (a physical factor) or, secondly, was this pattern due to a particular 
type of monitor being present at a particular settlement? (a physiological factor). 
Examination of these and the other questions showed that they all fell into one of the 
issue components. Therefore a more detailed picture of the circumstances that leads to 
an individual being exposed to an odour. their detecting it and responding to it began 
to be assembled. This was discussed in Chapter 4, where the factors were roughly 
grouped together to fonn a tree of relationships (see Figure 4.2). This was expanded 
when the research questions were identified to develop a more detailed odour­
monitoring tree, showing possible explanations of how an individual mayor may not 
detect an odour. The details of the construction of the tree are discussed in Section 
5.3. 

The questions identified in Table 5.4 and the circumstances surrounding an individual 
detecting an odour identified in the odour monitoring tree led to the development of 
the research question and associated objectives and the design of the research activity. 
It became apparent from the pilot study analysis that there was variability in the odour 
reporting patterns, which could have been based on the attributes of individual 
monitors. It is proposed to identify if this is the case. The research activity, the design 
and operation of an odour-monitoring panel, led to the production of results that are 
presented in Chapters 7 and 8, on which a framework for a population response model 
is based. Chapter 7 examines the variability in reporting patterns produced by 
individual monitors. It then goes on to present the results of groups ofmoniton with 
similar attributes, age, state ofheaIth and so on (research objectives 1 and 2). These 
attributes were selected on the basis of other research reviewed in Chapter 2. These 
groupings relate directly to the development of the framework, which is presented in 
Chapter 10 (research objective I). Chapter 8 examines the same reporting patterns on 
the basis of spatiality and temporality (research objectives I and 3). The chapters 
where the results of the research activity directed at each question in Table S.4 are 
shown in the right hand column. 

5.3 The Odour Perception Tree and the Research Design 

When the analysis of results from the pilot study was completed, the questions 
summarised in Table 5.4 that relate to the research objectives, and hence the key 
components, were raised. The odour perception tree (Figure S.3) was designed on the 
questions that arose from the pilot study. The tree was based around these questions 
and was constructed as an attempt to understand why a monitor mayor may not report 
an odour. The tree was developed on the basis of a simple probability tree, following a 
pathway of "yes" or "no" choices. For example. the first choice, "Is an odour 
present?" permits a choice of "odour reported" or "odour not reported". It is possible 
to move down the tree following pathways to identify the factor or attribute behind a 
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Figure S.3: Tbe Odour PerceptioD Tree 

report being made or not. Initial designs of a diagram representing odour detection 
and response were based on a flow diagram. However. it could not represent the 
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variety of factors and attributes involved in odour response. The tree, an expanded 
flow diagram, was adopted as it was a simple structure that lent itself to representing 
the complexity of factors, attributes and events surrounding an odour incident. The 
attributes are grouped roughly into related areas, namely positive reports and reasons 
for negative reports (grouped into spatial and temporal factors, lifestyle, psychological 
and physiological attributes). 

The tree was designed from the perspective of a member of a monitor panel and 
follows a range of reasons either for reporting or not reporting an odour. The tree is 
split into two branches, one where odour is detected and reported and one where it is 
not. The reasons behind a monitor sensing or not sensing an odour are based on the 
literature review and relate to the research question and objectives outlined in Section 
5.2. In order for an individual to detect an odour, there should be some fonn of odour 
present and the individual has the ability to sense it. The basis of a tree is a description 
of an odour event, a situation where odour is present in the environment and there are 
individuals who may perceive it. It served as a means of clarifying the attributes that 
affect the exposure to odours and the ability to detect them. It therefore, as referred to 
above, helped in the design of the panel, in the data analysis in Chapters 7 and 8 and 
the framework developed in Chapter 10. 

5.3.1 Tbe 'odour reported brancb' oftbe odour perception tree 
Travelling down the odour reported branch, the first stage is that of 'odour reported'. 
This stage assumes that the monitor has detected and reported an odour. This requires 
all the components shown in Figure 4.1 are present. Namely, there is an active odour 
source and the individual is located at a point where the odour plume has travelled. 
They will have the physiological attributes to sense the odour and therefore can 
respond to it. In the case of monitoring. this response results in making a report of 
odour. The monitor will use their experience of their surroundings and of odours to 
reach this decision. 

The tree was designed to illustrate what circumstances and qualities occur whicb lead 
to an individual, in this case a panel member, detecting the presence of an odour or 
not. On the basis of the data analysis and development of the tree, the next stages of 
the research activity were developed. It was decided to re-design the pilot study panel, 
to change how data were recorded and obtain additional infonnation on the moniton. 
As briefly mentioned in 4.S .1, very little infonnation was known about the moniton. 
Their gender, ages, occupations and their addresses were known. Other information, 
such as smoking habits, health and their employment pattern (part-time, full·time or 
economically inactive) were unknown. These details related directly to the 
components above and in Figure 4.1. So, for example, the location of the home of the 
monitor was a spatial factor; the health of the monitor related to pbysiology. 
Inspection of the data from the pilot study indicated that at least some of these 
unknown details may have influenced the reporting patterns seen. For example, did 
one monitor report an odour that they detected, which their neighbour did not because 
their neighbour was absent from home? 

The monitor is asked to report certain features of the odour (see Chapter 6). These 
include the source oftbe odour, if they think they can identify it, the date and time and 
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properties of the odour, such as its intensity or hedonic properties. Again, this requires 
the monitor to make judgements about what they have perceived. If the monitor has 
successfully identified the source and records the details in the form specified, then 
this confirms that there has been an odour event. The monitor has experienced and 
reported an odour incident. These reports formed the basis of the development of the 
framework in Chapter 10. The reports were also assessed for possible inconsistencies 
in Chapter 9. 

The questions summarised in Table 5.4 can be addressed by positive reports of odour. 
Numbers of positive reports are useful for examining which settlements are most 
frequently affected by odour or most affected by odours of a particular type (research 
objective 3, question 1 in Table 5.4). The pilot study certainly suggested that different 
settlements vary in the number of times and types of odour they experience. The 
reports would also confirm the times of day when odours are most likely to be 
detected. The pilot study did suggest that odour was most likely to be reported at 
particular times. This information relates to the third research objective raised in 
Section 4.2. Spatial and temporal influences on reporting patterns are examined in 
Chapter 8. However, there may be other factors affecting reports, such as the type of 
monitors present at each location. For example, the pilot study suggested that male 
monitors were most likely to report landfill odour. This prompts the question what 
causes the pattern of certain settlements producing high numbers of landfill odour 
reports? Is it location close to a landfill, male monitors or both factors? More needs to 
be understood of the pattern of reporting amongst the different groups of monitors that 
make up the panel. Hence the other questions shown in Table 5.4. When this is done, 
then research objectives 2 and 3 can be answered. The influences of personal 
attributes on reporting patterns are highlighted in Chapter 7. However, care should be 
exercised in interpreting odour reports, as they may not always be reliable. 

The monitor may record incomplete or inaccurate data. This may arise from their 
failing to follow instructions they were given or perhaps being rushed or distracted 
when carrying out monitoring. They may, no matter how careful or conscientious they 
are, incorrectly identify the odour source or properties of the odour. This can arise Cor 
a variety of reasons. Firstly, due to their being unable to make a correct assessment of 
the odour, that is their sense of smell may be physically affected or their judgement or 
perception may influence the report. For example, if they associate an odour from a 
particular source with a specific wind direction, they will record the odour as arising 
from that source even if the odour has different properties (see Section 2.3 and the 
discussion of the appreciative system of the individual). Alternatively, their behaviour 
can influence their report by their not following the instructions correctly. Again, as 
with occasions where odours are reported correctly, the monitor will be using their 
experience of odours and their locale to make their report. In this case, their report 
suggests an odour may have a particular source or properties, when this may not be 
the case. 

5.3.2 Tbe "odour not reported" branch of tbe percepdoD tree 

As with the positive odour reports, the four major components and overall research 
questions apply to non-reports. There are many situations that may lead to an odour 
not being reported. The variation in the number of reports between moniton 
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(Question 5) may arise from monitor behaviour. The monitor may be ill and cannot 
monitor or detect an odour or they are reported as being away from the area, for 
example on holiday. In both these cases, there may be odour present, but it is not 
reported. The missing report does not arise due to the absence of odour, but from the 
behaviour of the monitor. If they recorded themselves as present and they made no 
report, there are more possible reasons for their not making a report. 

• There may not be an odour in the area to report at the monitor's location. This may 
arise due to physical factors, such as the odour source not releasing odour or the 
odour plume being transported away from the monitor's location (Question 6). 

• The monitor may have missed the odour event, as it may have occurred at a time 
when they were away from home, for example at work. It is possible the monitor, 
due to lifestyle factors, may have a limited potential odour exposure time. This 
would affect their reporting times (Questions 3 and 4), and the number of days they 
can report and the number of reports they make (Question 5). 

• The monitor did perceive an odour but deemed it trivial and decided not to report 
it. This is one example of how the attitude and judgement, which is part of the 
appreciative system of the individual may influence their experience of odour. 
Question II, which asks if there are any monitor attributes that influence reporting 
patterns, relates to this situation. There may be variation between monitors' 
reporting patterns due to their opinion of the odour source, or the length of time 
they have lived in the area and hence their experience of the odour. There may also 
be differences in reporting patterns between long-term monitors and new monitors. 
The more experienced monitors may be more likely to use their judgement or is 
less motivated to report all odours. 

• There may have been odour being released into the environment that was present at 
a monitor's home location, but the monitor was not present. It should be stressed 
that this is a different situation to the one referred to above where a monitor has 
reported himself or herself as absent. In this situation, the monitor has perhaps been 
absent from the area for a brief period, for example less than 30 minutes, and has 
missed the odour, which may have been present at a detcctable concentration for a 
few minutes. This again relates to the behaviour of the monitor and to Question S. 

Moving further down the branch of the tree, the monitor may not have perceived the 
presence ofan odour. This again may arise for a variety of reasons, which fall into 
two broad categories. These are physiological factors, and environmental factors. The 
physiological factors include the following. 

• The monitor was present but did not perceive the odour due to their being unable to 
detcct the odour. A possible cause could be the monitor being indoors or 
preoccupied by some other activity. Again this relates to the monitor's lifestyle and 
movements (Question 5). 

• They may not be able to smell that particular odour because they are 
physiologically unable to do so. This may be the case due to the factors described 
in Chapter 2. Therefore in this instance, this relates to Questions 7,8,9, 10 and 11. 
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• They may have become adapted to the odour either on that particular exposure or 
they may not notice the odour at any time as they have adapted to it or become 
'used to it'. This relates to question 5, relating to monitor behaviour. 

Environmental factors include the following: 

• The odour may be present at a very low concentration close to the detection 
threshold. This may mean the odour could be missed. particularly if any other 
factors, such as the monitor being unable to smell due to illness or being indoors, 
were also operating at the time. This is perhaps one situation that the research as it 
is designed, could not identify. However, if the odour-causing chemical is present 
at such a low concentration as to be undetectable, then it will not generate nuisance 
and a response. This relates to the environment, therefore indirectly to Questions I 
and 3. 

• The odour may have been present for a very brief potential exposure time. Again, 
this may result in the odour being missed by monitors. It is, as has become 
apparent, a case of an individual being in the right place at the right time, that is 
monitor behaviour (Question 5). 

• The odour may be missed by a monitor if they are already in an odorous 
environment. This may include places where odours such as tobacco or chemicals 
such as paints and solvents are present. This relates to their exposure to materials 
that will damage the olfactory apparatus and therefore relates to Question 11. 

5.3.3 Conclusion to Section 5.3 

The odour perception tree illustrated the complexity of the circumstances leading to 
the detection of odour. How it was the product of the right environmental conditions 
and the right individual having to be in the right place at the right time! It was 
therefore of great importance in identifying the key components driving odour 
pollution events and in generating the research questions. It was also influential in the 
design of the research activities. When the tree was examined in tandem with the 
results from the pilot panel, it became apparent, firstly, what type of data were 
required to understand the issue of odour exposure and detection and, secondly, how 
that data were to be obtained. For example, identifying where individuals were when 
they detected odour and what they were doing would help undentand the importance 
of behavioural aspects of exposure and detection. Additionally, providing report fonna 
with questions arranged as a list for monitors to use would overcome the problems of 
incomplete reports and therefore missing data. 

5.4 R •••• rch .ctlvltl •• 

The research activities can be divided into the activities undertaken prior to the 
development of the odour-monitoring tree and those carried out afterwards. The initial 
activities included the analysis of the data from the pilot study panel discussed in 
Section S.2. The subsequent activities included those discussed in Section 4.S of the 
previous chapter. However they are summarised in greater detail in this section. The 
research activities are summarised in Figure S.4. 
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• It can be seen that there was a clear sequence of events commencing with the 
analysis of data from the pi lot monitoring panel set up in 1994, discussed in 
Chapter 4. This data gave rise to the development of the odour perception tree, 
which clarified the circumstances in which odours would or would not be 
perceived. Both the data analysis and the tree led to the research questions, 
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Flaure 5.4: Summary or researeb .dlvldes 

that in tum drove the changes to the design and method of the monitoring panel. 
Recruitment of new monitors and odour trials took place prior to the new panel being 
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introduced in Spring 1997. The new panel generated data for analysis after being in 
place for three months. The re-design of the monitoring panel and subsequent 
activities are recounted below. 

5.4.1 Re-designing tbe monitoring panel 

The data analysis and inspection of the reporting quality led to not only the 
development of the monitoring tree, but also how the panel could be redesigned to 
provide more detailed information about the monitors. The re-design of the panel was 
briefly described in Section 4.5. However, in this section, the activities, prior to and 
during monitoring will be described in greater detail. 
Prior to monitoring 
The first activity associated with the redesign of the panel was the recruitment of new 
monitors. The panel from the pilot study had shrunk from 19 monitors to 12. This 
number was insufficient for monitoring over the large area of the Marston Vale. 
Therefore it was decided to recruit new members via a leaflet campaign. Leaflets were 
posted to selected addresses at the villages in the Vale shown in Figure 5.1 and 
discussed in Section 5.2. The details of recruitment are discussed in Chapter 6. 

• The volunteers who came forward were invited to meetings at Cranfield 
University, where they were informed about the project, to complete the odour 
perception trials and to complete a pre-monitoring questionnaire on their 
backgrounds. A copy of the questionnaire is shown in Appendix A. At the same 
time, the long-term monitors were also invited to attend the meetings, to be 
informed about the changes to monitoring procedure, to re-take the odour trials and 
to complete the questionnaire. 

• The odour trials, which are discussed in greater detail in Chapter 6, were 
undertaken for several reasons. Firstly, to identify individuals who had problems 
with their olfactory ability. Part of the study involved examining the community 
response to landfill odour and it would be of little use to have individuals in the 
panel who were anosmic to this odour type. Secondly, they were carried out to 
obtain insight into the qualities and variability of the sense of smell of the 
monitors. The trials provided benchmark information for the research questions. As 
has been stated earlier, surveys and complaints data do not take into account the 
variability of response to odour amongst the sample population or complainants. 

• Similarly, the pre-monitoring questionnaire (see Chapter 6 discussion and 
Appendix A) completed by volunteers at the meetings was designed to provide 
background information on personal factors that could affect an individual's 
olfactory ability. These factors were identified in Section 2.2. This information 
directly related to the research question on how personal attributes could affect the 
ability to detect odour and to Questions 2, 7, 8,9, 10 and 11 in Table 5.4. The 
volunteers were also asked to provide information on their occupation and how 
long they had lived in the Marston Vale and what they liked and disliked about the 
area. This information was sought to attempt to identify factors affecting their 
opinion of the Marston Vale and the landfill site in particular, and hence try to gain 
insight into the volunteers' appreciative systems. This information related to the 
second research question that asked how the behaviour and attitude of the 
individual would influence their perception of landfill odour. It, therefore, also 
related to Questions 2, 3, 4, 5, 8, 10 and 11 in Table 5.4. 
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At the commencement of and during monitoring 
• For the first week of monitoring, the panel members were asked to complete a time 

diary (see Appendix A) that involved their recording when they were at home and 
therefore could be exposed to odour. By doing this it was possible to assess the 
monitors potential exposure time and identify patterns when monitors were most 
likely to report odours. For example, would they be more likely to report odours 
when going out or returning home, or when they had been home for some time? 
Again, this would provide information on the research questions related to 
behaviour and how it affects exposure levels . 

• The monitors were supplied with pre-printed reporting sheets, a copy of which is 
enclosed in Appendix A. The data required from the monitors were presented as a 
list of questions, which it was hoped would overcome the problem of missing 
infonnation. Extra questions were added to the list, such as the duration and 
intensity of the odour, where the monitor was when they detected the odour and 
what they were doing. It was hoped that more infonnation would come to hand on 
the nature of odour exposure, so that not only the time and type of odour would be 
known, but also how long the odour was detectable and its intensity and 
pleasantness. It was also hoped to obtain information on the circumstances 
surrounding an individual detecting an odour. For example, was the individual 
indoors or outdoors? What were they doing at the time? This again would provide 
infonnation on how the behaviour of individuals affects their exposure to odour 
(second research question). They were also asked to state when they were unable to 
monitor. This would clarify the potential exposure time of the monitor and 
overcome the problem of the missing days seen in the pilot study data. The 
volunteers were also supplied with guidance notes on how to monitor, giving 
details on how to complete their reports fonns. It was hoped by doing this that 
mistakes in reporting would be avoided. 

5.4.2 Analysis of reporting data 

The analysis of the data took a similar fonn to the pilot study. The reports from each 
location were examined for the numbers of reports and the types of odoun. This was 
done to identify ifparticular settlements appeared to experience certain odoun more 
frequently than others (third research objective). The results of this analysis are 
presented in Chapter 8. The reports were also examined on the basis of monitor type. 
This included examining reports by groups based on physiological factors, such as 
age. gender and health. and groups based on behaviour. such as occupation and 
smoking. This would then provide infonnation relevant to the research questions on 
how physiological and lifestyle factors affect reporting levels. Where appropriate, 
statistical tests were undertaken to assess the significance of each result. These results 
are presented in Chapter 7. An additional step involved comparing positive reports of 
landfill odour to wind speed and direction. This was undertaken in an attempt to 
assess the accuracy of reports. This and other means of assessing the validity of the 
monitors' reports are examined in Chapter 9. 

5.4.3 Post-moDltoriDI questlonDalre 

When monitors withdrew from the panel. they were asked to complete post­
monitoring questionnaires. A copy of this is included in Appendix A. The 
questionnaire consisted of two types of question. Firstly, it asked questions that were 
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deemed to be too sensitive to ask prior to monitoring. This included asking volunteers 
if they had ever complained about nuisance or taken avoiding action to avoid 
exposure to odours. It was felt inappropriate to ask these questions before they had 
completed monitoring as their reports may have been influenced in some way. The 
second question type related to taking part in monitoring and how they perceived 
odour after taking part in the study. These questions could not have been answered 
before monitoring. The information from this questionnaire, it was hoped would 
identify how easy or difficult the individual had found monitoring and whether their 
reports had confirmed the levels of odour they thought they were exposed to. They 
were also asked to give any other comments about the project or about living in the 
Marston Vale. It was hoped that, firstly, the information provided would help with 
further changes to monitoring procedure. Secondly, it could provide background 
information to the opinions of monitors to their local environment and to the landfill 
sites in particular. It was also hoped to identify what the motivation was for 
volunteering to work for the project and identify if monitors had become more aware 
of odours. The results from this assessment arc presented in Chapter 9. 

5.5 Concluding comments 

In this chapter, the research context, landfill odour in the Marston Vale, and the 
history of the project were introduced. A pilot study, involving the use a social survey 
and a pilot odour-monitoring panel, were recounted. The details of how the analysis of 
the data from pilot study led to the development of the research question and 
objectives and research activity were examined. It became apparent from the 
inspection of the data that the pilot study monitors produced varying levels of reports 
that may have been the product of their location and/or personal attributes. The 
influence of personal attributes such as age or health had been identified from the 
literature review in Chapter 2. A number of questions were generated from the pilot 
study that are summarised in Table 5.4. These questions were related to information 
contained within Chapters 2 and 3, as well as to the analysis of data from activity 
undertaken for this research that is presented in Chapters 7 and 8. An aid to 
understanding the circumstances surrounding a monitor reporting odours or not was 
developed. This was the odour monitoring tree. 

These insights led to the design of the research activity. This involved redesigning the 
monitoring panel, expanding it and changing the means of recording reports. This was 
to ensure that a larger number of people could be involved in the study and would 
produce reports of a more consistent quality. It also involved the inclusion of 
questionnaires to be given to monitors at the beginning and end of the monitoring 
period. The personal attributes of the pilot study monitors had suggested that such 
attributes may have influenced reporting patterns. A pre-monitoring questionnaire was 
designed to gain some idea of the monitors' backgrounds, such as their ages, health, 
employment pattern and opinions of the Marston Vale. The post-monitoring 
questionnaire was introduced to gain more insight into the monitors' motivation for 
volunteering and their opinions of monitoring. The details of these activities are 
presented in Chapter 6. 
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Chapter 6 

The design and operation of Community Odour Monitoring 

6.1 Introduction 

This chapter discusses the design and method of the monitoring panel, including 
monitor selection and testing, how additional information on monitors was obtained 
and how monitoring was carried out. The reasoning behind each activity is given, but 
it should be remembered that a major purpose of the panel was to demonstrate how 
the experience of odour could vary between people living in the same area. Thereby 
providing an answer to the research question given in Sections 1.6 and 4.2. Section 
6.2 discusses the background to creating the pilot odour-monitoring panel in the 
Marston Vale. It reiterates pertinent details discussed elsewhere in the thesis and 
includes details of the pilot study, including the population survey and the decision to 
use a monitor panel. It will be recalled the pilot study panel reults indicated monitors' 
reporting levels varied due to location and personal attributes. As the research 
question asks whether exposure to odours can be influenced by attributes such as age 
or health, it was decided to use a redesigned monitoring panel, rather than other 
methods such as the use of dispersion models. The output had to relate to the levels of 
odours detected by the local population and other technical and sensory methods 
would not provide the information required namely individuals in the environment 
producing reports of odours they detected. It was to be these odour reports that would 
be used to develop the population response framework (Chapter 10). Some problems 
with using a panel had been identified, namely missing or incomplete reports. It was 
hoped that a redesigned panel would overcome these problems. 

Section 6.3 discusses the selection and procedure of the pilot monitoring panel. 
Section 6.4 discusses the re-design of the monitor panel, recruitment of new monitors 
and the changes to monitoring procedure. These changes were based on the analysis 
of data from the pilot panel, the questions the panel raised and the odour monitoring 
tree clarifying the circumstances surrounding odour detection. The difficulties 
surrounding this process are also related. Section 6.S highlights the number of 
monitors and their backgrounds used in this research. It was decided to analyse the 
monitors' reports on the basis of individuals and groups. The groups would be based 
on common attributes, such as age and gender, which were believed to influence the 
ability to detect odours. Section 6.6 presents the results of the olfactometry trials. The 
results from the panel are summarised in Chapters 7 and 8. 

8.2 C,.atlng an odour monitoring panel 

This section summarises the history of the project discussed in Section S.2, as well as 
reiterating pertinent points from previous chapters. As discussed in Chapters 3 and 4, 
reliance on complaints to the operator of an odour source, in this case landfill odour, 
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is not always a useful way to identify how severe the impact is. Complaints compiled 
by Shanks and McEwan, the operator of Brogborough and Lfield landfill sites. 
originated almost completely at Cranfield. a village 2km west of the Brogborough 
site, with a few complaints made at Stewartby. Further infonnation was sought to 
identify any other settlements that were affected by odour from the landfill sites. An 
administered questionnaire survey was conducted in 1993 at settlements in the Vale 
(Longhurst and Cousins 1994). These included Brogborough, Cranfield, Kempston, 
Kempston Hardwick, Lidlington, Marston Moretaine, Stewartby, Wootton and 
Wootton Green (see Figure 5.1). It was designed 

• firstly, to identify the extent of perceived environmental nuisance. 

• secondly, to identify perception of and concern about air quality. 
• thirdly, to identify the extent of odour nuisance. 

The survey results indicated that odour nuisance was far more widespread across the 
Marston Vale than what the distribution of complaints would suggest. and was not 
concentrated on Cranfield. The reasons why complaints data may not be reliable are 
discussed in Section 4.2, but they are summarised here. Firstly, individuals may be 
reluctant to complain and possibly do not know to whom they should complain. 
Secondly, the level of complaints may be affected by publicity relating to an odour 
source. Another drawback of relying on complaints data is that it may not supply 
infonnation on the odour event, other than there is an odour at a particular time and 
place. 

An odour monitor panel could provide long-tenn. detailed infonnation on the 
presence of odour. which unlike survey data is not reliant on recall, or like complaint 
data not provided in annoyance. The monitors could be pre-selected to ensure their 
sense of smell was not impaired in some way. It was decided to introduce a monitor 
panel in the Marston Vale to provide more infonnation on odour pollution events. 
This would include the frequency, duration, location and types of odour experienced 
by monitors in the Vale. 

At the time when the questionnaire interview was conducted. respondents were asked 
if they were willing to volunteer as odour monitoring panelists. The respondents who 
did volunteer attended meetings at the International Ecotechnology Research Centre 
(IERC). These meetings told them what a monitor would be expected to do and to 
have their olfactory function tested (see Section 6.3). A monitoring panel consisting 
of 20 people was then put in place and started monitoring during 1994. 

B.3 Monitoring .e/ectlon and procedure191U to Spring 1987 

Respondents in the questionnaire survey were asked if they would like volunteer as 
odour monitor panelists. Those who expressed an interest attended meetings at IERC. 
They took part in a simple odour perception test and were told what monitors were 
required to do. Section 6.3.1 discusses the odour perception triala. what they were and 
how they were administered. Section 6.3.2 discusses what monitors were asked to do 
as panelists. 
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6.3.1 The odour perception tests 

It was decided to ask the volunteers to take part in simple tests on their olfactory 
ability. There were three different odour perception tests, based on detection and 
description of differing dilutions of odourant chemicals. These were tests for odour 
discrimination, ability to assess odour thresholds and assess odour intensity. The tests 
were carried out to screen out volunteers who had problems such as anosmia or 
elevated detection thresholds (see Chapter 2). 

The tests also illustrated the variability of the sense of smell between monitors 
included in the panel. As discussed in Chapter 5, monitors' reports from the pilot 
panel suggested that the personal attributes of monitors may have had a bearing on the 
reports they made or did not make. This led in tum to the research questions raised in 
Chapter 4. After the second set of odour trials for the panel used in this research, the 
results produced by different sets of monitors. such as males and females, smokers 
and non-smokers, were analysed to identify if these attributes did affect their sense of 
smell. By doing this, the research questions related to how personal and behavioural 
attributes of monitors could affect their ability to detect odours could be addressed. 

Artificial odours for all tests were produced in the laboratory and were presented to 
volunteers in labeled 250ml flasks, sealed with natural corks. The chemicals ~ 
which were recognised as safe (GRAS - Longhurst and Cousins 1994) odourants, 
were diluted with solvents. COSHH assessments were made on all the odourants used. 
The odourant chemicals used were all diluted by 1 % volume in pure ethyl alcohol, 
which were retained as stock solution. Subsequent dilutions were made using distilled 
water to produce a buffer solution of the required concentration to be presented to the 
volunteers. All the solutions were colourless. 

In the odour discrimination test, five artificial odours were presented to the volunteers 
to test their ability to detect and describe different odours. The odour types used were 
'floral', 'fruity', 'mint', 'fishy' and 'putrid'. Table 6.1 lists the odour type, the 
chemical used and its dilution. 

Odour type Chemical used Dilution 

Floral Phenyl Ethyl Alcohol I )( 1""-1. 
Fruity Ethyl butyrate 5)( ur-l. 
Mint Menthone 1 )( U,.. -I. 
Fishy Trimethylamine 4.5 )( 10"-1. 
Putrid Dodecyl Mercaptan 5 )( U,,7 ·1. 

Table 6.1: Odour type, chemica. used and dilution used la odour dllcrlmlaadoa 
test 

During the trials the volunteers were asked to sniff the flasks in a specific, standard 
fashion. They were asked to swirl the flask gently. take a moderate sniff of the 
contents, then tum away and breathe normally. They could repeat this activity if they 
wished. They were given a list of the five different odour types and asked to .elect a 
description of the odour sniffed from the list. 
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The odour threshold test was undertaken to identify volunteers with specific anosmia. 
A series of flasks containing decreasing concentrations of dodecyl mercaptan were 
presented to the volunteers. The concentration of the dodecyl mercaptan decreased 
successively by 50%. The concentrations used are shown in Table 6.2. 

Threshold test Intensity test 
Flask Concentration Flask CODceD tratloD 

1 6.25 x 10" % 1 5 X 1(,.7 Ofo 

2 3.13 x 10" % 2 1.25)( 10-7 °/0 

3 1.5 x 10" 0/0 3 6.25 x 10" % 
4 7 X 10-90/0 4 3.13 x 10" °/. 
5 2 x 10-9 % 5 1.5 x 10-- °/. 

Table 6.2: CODcentratioD of dodecyl mercaptaD used ID odour tbresbold aDd 
intensity tests 

The arrangement of the test took the fonn of a triangle test adapted from olfactometry 
tests developed by Dravineks and Prokop (1975). This is a commonly used test used 
to encourage subjects to discriminate between odorous and non-odorous samples. 
There were five groups of three flasks, one of which contained the odour-causing 
compound, the other two blank flasks contained distilled water. The volunteers were 
asked to state which flask of the three contained the odourant in each of the five 
groups. Dodecyl mercaptan was used as the odourant compound as mercaptans can be 
found as a constituent of landfill odour as well as brickwork and agricultural odours 
(Verschueren 1977 , Young and Parker 1983, Rettenberger and Stegmann 1991). For 
example, Young and Parker (1983, 1984) reported detecting mercaptans in emissions 
from eight landfill sites. Three of these sites accepted domestic waste and five that 
accepted both domestic and industrial wastes. They discuss how sulphur bearing 
species can be mistaken for the "bad egg" odour of hydrogen sulphide and how they 
require substantial dilution in order to cease to be detected. These odours would be 
common in the Marston Vale, where all three sources were present. The volunteers 
sniffed these flasks in the same fashion as in the odour discrimination test. 

The final test was the odour intensity test. This was carried out to assess the 
volunteers' ability to identify smell strength. Five flasks containing decreasing 
concentrations of dodecyl mercaptan were presented to the volunteers for testing. The 
concentrations used are shown in Table 6.2. They were asked to place the flasks in 
order of strength and then score the different strengths on a scale of 1 for the weakest 
odour to 100 for the strongest. Again the volunteers sniffed the flasks in the same 
fashion described above. 

6.3.2 MonltoriDI Procedure for tbe pilot panel 

At the meetings, volunteers were also told what they were expected to do as moniton. 
They were asked to monitor on a daily basis, by sniffing the air once a day, and report 
if they could detect an odour or not. If they smelled an odour at any other time, they 
were asked to report details of that odour also. They were asked to provide the 
following infonnation, 
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• The date. 
• The time the monitor smelled the air for odours (or the time the odour was detected 

if a second odour was detected). 
• Details of the odour - the source (if the monitor could identify it) 

how certain the monitor was of their choice of source 
the intensity of the odour marked on a scale of 1 for a very 
weak odour to 7 for a very strong odour 
the pleasantness of the odour marked on a scale of 1 for a 
very pleasant odour to 7 for a very unpleasant odour 

• The details of cloud and visibility at the time of their report 

The odour sources were divided into four groups. These were odours from landfills, 
brickworks, agriculture and local sources. The local sources category was a wide­
ranging one, which covered odours from diverse sources such as traffic, restaurants 
and take-away shops, gardening odours or local factories. The monitors COUld, if they 
wished, provide any other information to do with the odour or the environment at the 
time. This included how the odour smelled to them, if the odour changed or details of 
weather conditions. The monitors were supplied with notepads for recording their 
reports. The reports were sent to JERC on a monthly basis and were recorded in 
database form. 

As discussed in Chapter 5, when the monitors' reports were examined, the standard of 
reporting was found to be extremely variable. Some monitors provided detailed 
reports providing all the information they could. Others did not, missing out 
information such as the time or the odour source. There were discrepancies between 
reports from monitors who were located in the same area. One monitor would report 
an odour, yet their neighbour would not. Did this discrepancy arise due to one monitor 
being at home and being able to smell the odour and the other either being unable to 
smell an odour due to their being away from home, being ill or indoors? Some 
monitors did state when they were away from home or ill, but others did not. This 
meant that the pattern of response was not made clear from the data. This problem of 
the supply of incomplete information led to changes in monitoring procedure being 
introduced in Spring 1997. 

6.4 Recruiting new monitors and change. to monltorltJfl procedure 
Spring 1887 

After the data from the pilot panel had been examined and the research questions 
identified, steps were taken to recruit new monitors, obtain more detailed infonnation 
about them and change monitoring procedure. 
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6.4.1 Recruiting new monitors 

It was decided to select monitors in the settlements surrounding the two landfill sites 
in the Marston Vale. Other projects have selected monitors downwind in the direction 
of the prevailing wind of an odour source (Goldsmith 1973). However. this project 
sought to clarify the exposure of the whole community surrounding the landfill sites. 
This would include people living upwind of the sites who may experience odours, 
albeit infrequently. Additionally. as the project involved assessing community 
response to odour. different types of people would be included in the panel. Therefore 
the panel would consist of. for example. males and females. differing age groups and 
occupations. This is opposed to the design of a panel that would consist of one type of 
person. for example all male, of a particular age and so on. This type of panel would 
provide information on the response of that particular monitor type only. 

There were constraints placed on the size of the panel due to the project budget. 
However, it was decided to increase the size of the panel to approximately 35 
monitors for three months, before reducing numbers to around 25. The purpose for 
having a large number of monitors was to have a period ofUintensive monitoring", an 
attempt to generate as much infonnation as possible about levels of exposure to odour 
pollution. It was decided to retain monitors who were already monitoring and increase 
numbers to the required level. This would indicate if there were differences in 
reporting patterns between long-tenn and new monitors. 

The numbers of monitors at each settlement were not strictly based on population 
size, although this did fonn the basis for numbers. Accurate population figures for all 
the settlements were not available and what figures were available showed the sizes to 
vary markedly. For example, Wootton has a population of approximately 4000, whilst 
Kempston Hardwick has a population of approximately 100. Therefore the results of 
the survey and previous monitoring results were also taken into account (see below). 
Complaints data were also considered as a factor, if only in that they showed no 
similarity to the distribution of results from the survey and moniton' reports. 
However, it was decided to have at least 4 monitors at Cranfield and Stewartby, as 
these were the locations where complaints had arisen. 

An examination of results from the survey and earlier monitoring reports was made. 
The survey results were examined for the locations of respondents who had 
specifically referred to landfill odour. These references were then counted. The 
numben are shown in Table 6.3 below. At the same time, a period of three months 
was selected randomly from the monitors' reports. Table 6.3 shows the most 
frequently and second most frequently reported odours at each location during this 
period. It can be seen that landfill odour was either the most commonly or second 
most commonly reported odour at every location. The percentages of reports of 
landfill odour at each location are shown in Table 6.4. As mentioned earlier all these 
facton were taken into account when monitor numbers were decided upon for each 
settlement. 

It will also be remembered from Section 5.2 and Figure S.2, that there was a rough 
split in reporting patterns across the Vale seen in the pilot panel results. Landfill odour 
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was predominant in reports, together with brickwork odour, made by pilot panel 
monitors in the northwest to southeast of the Marston Vale. The settlements in this 
area included Kempston, Wootton, Kempston Hardwick, Stewartby and Marston 
Moretaine. Settlements found to the south of this line. Cranfield. Wootton Green. 
Brogborough and Lidlington did not show this pattern. This may suggest a link with 
the prevailing wind direction. blowing from the southwest, which would carry odour 
to settlements in the northeast. There was no apparent pattern associated with distance 
from the landfill or brickworks sites. Cranfield is close to the western margin of the 
landfill site (approximately 1.5 to 2km), and yet landfill odours were not the most 
commonly reported odour. Stewartby reported landfill odour most frequently (the 
village is I km from Lfield), despite brickworks being present in the village. 

Location Number of Most Second most Proportion of 
survey frequently frequently landfill odour 

references to reported odour reported odour reports (%) 
landfill odour by panel by panel 

Brogborough I Locallources LaDdOn 1.7 
Cranfield 17 Locallources LaDdOn 40 
Kempston 3 Brickwork LaDdOlI 1.5 

Kempston Hk. 2 Brickwork LaD dOli 12 
Lidlington 0 Local IOU rces LIDdnn 35 
Marston M. 21 Brickwork LIDdnn 35 
Stewartby 5 LaDdOlI Brickwork 70 
Wootton 7 LaDdOlI Brickwork 45 

Wootton G. 2 Brickwork LlndnlllFlrm 25 

Table 6.3: Number of references to laDdnll odour ID the 1993 Survey, most 
frequeDtly reported odoun at each mODltor locI dOD aDd the perceatale of 

land 011 odour reports 

However, the monitor at Kempston Hardwick reported brickworks odour more 
frequently, whilst the Lfield site is 1.2Skm away to the southwest. Monitors at 
Kempston reported both brickwork and landfill odour. They were located 
approximately I to I.Skm from the brickworks at Kempston Hardwick, but they were 
situated approximately 2km away from Lfield. When considering the relationship of 
orientation and distance from the odour source, there was the problem of not knowing 
the location of the monitor when they detected the odour. It is possible that they may 
not have been at home, but elsewhere in the Vale, but did not state this in their report. 
However these factors were borne in mind when finalising the selection of the 
numbers of monitors and designing the report sheets. It was decided to have larger 
numbers of monitors in the settlements located in the north-east of the Vale, where 
landfill odour was apparently most frequently detected. It was also decided to ask 
monitors where they were when they detected odours. 

Summarising the criteria for monitor numbers at settlements in the Marston Vale: 
• Population size - generally, the larger the settlement, the larger the number of 

monitors. 
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• The initial complaints made at Cranfield and. to a lesser extent, Stewartby 
indicated the need for a larger number of monitors at these settlements. 

• The numbers of reports made by the pilot study monitoring panel- landfill odour 
was the most frequently or second most frequently reported odour at all 
settlements, indicating that all settlements be included in the study. 

• The orientation of monitors to odour source - settlements in the northeastern half 
of the Vale were identified as producing high levels of landfill odour reports and 
therefore would need greater numbers of monitors. 

Location Preferred monitor numbers Actual monitor numbers 
Brogborough 3 2 

Cranfield 4 4 
Kempston 4 S 

Kempston Hardwick 3 3 
Lidlington 3 3 

Marston Moretaine 5 I 
Stewartby 4 S 
Wootton S 4 

Wootton Green 3 3 

Table 6.4: Preferred and actual monitor numben uled. 

The monitor numbers chosen are listed in Table 6.4, along with actual numbers used. 
There were problems recruiting monitors at Marston Moretaine and Brogborough 
(discussed below) that meant that these two settlements had fewer monitors than 
required. 

To recruit new members for the odour panel, it was decided to advertise using leaflets 
and reply-paid envelopes posted through doors of randomly selected addresses. The 
leaflet consisted of an advertisement on one side. asking for volunteers, and a letter 
providing more detail of the project and the work involved on the other. As an 
incentive, volunteers were paid £23 per month for monitoring. However, this was not 
overly stressed in either the advertisement and letter nor was the amount of payment 
disclosed. Payment was explained in greater detail at the meetings. The streets were 
randomly selected from a list of postcodes and then the houses were selected at 
random in those streets. The number of leaflets posted at each location depended on 
the number of monitors required and the expected response rate. It was estimated that 
the response rate to the leaflets would be approximately 10010 (punter 1987). Therefore 
if three monitors were required at a particular location, 30 leaflets would be delivered. 
The leaflets were delivered to all the locations during the middle ofFebnwy 1997. 
The recruitment activities are summarised in Table 6.S. 

The response to the leaflets varied greatly. It became apparent that while at some 
locations sufficient numbers of volunteers were coming forward, at others they were 
not. Two weeks after the first leaflet drop. reminder leaflets were posted to the same 
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Week Activity Comments 
10 to 14 February First posting of lea nets at all Response to lea neb poor 

locations enept at Cranneld, 
Kempston H'wlck & 
Wootton Green 
Waited 2 weeks before 
posting remlnden 

24 to 28 February First set of reminders posted Satisfactory responle at an 
at Brogborough, Udlington, locatlonl enept Stewartby 
Kempston, Manton, and Manton 
Stewartby & Wootton Waited 2 weeki before next 

posting 
10 to 14 March Posting of lea neb at second Sumclent volunteen came 

set of 25 addresses at forward at Stewartby, 
Stewartby and Manton not at Manton 

Waited 2 weeki for 
remlnden 

1 7 to 21 March Flnt 4 meetings for AU volunteen attend 
volunteen held at IERe meetinp 

24 to 28 March Reminder leaneb posted at No responle to InRell or 
second set of addresses Ind posten at Manton 
nnt posting It 20 more Tbree volunteen fall to 
addresses at MInton Ittend meetlnll 
Two posten at Post Omce Tbree current monlton drop 
and Prlmlry Scbool It out ofpanel 
Manton 
Second set of 4 meetings 
for volunteen at IERC 
Letten go out to current 
monlton Inviting tbem to 
meetings at JERC 

7 to 11 April Meetinls for current 
monlton at JERC 
Report sbeets, luldlnce notes 
and envelopes sent out to aU 
monlton 
All monlton telepboned 
before start of monltorlnl to 
enlure they blve paperwork 
Ind know wblt to do 

14 to 18 April Telepbone CIUS to III 
monlton to Identify Iny 
problems or queries about 
monltorlnl 

Table 6.5: Timetable of Ictivltles to recruit monlton and reoraanlle tile 
monltorlnl panel 

86 



addresses at the four villages with the poorest response. This brought forward two 
more volunteers at Wootton and one volunteer at Brogborough. 

A second leaflet drop at 25 new addresses was carried out at Stewartby and Marston 
Moretaine. Sufficient numbers of volunteers then came forward at Stewartby. but not 
Marston Moretaine. Leaflets were delivered at an extra 20 addresses. bring the total 
number of selected addresses in Marston Moretaine to 95. At the same time as the 
third leaflet delivery, notices were posted at the Marston Moretaine sub-post office 
and the local primary school. Despite this effort, only one volunteer came forward. 

The result of the leaflet campaign resulted in most settlements having sufficient 
monitors. However, this was not the case at Marston Moretaine where there was only 
one monitor. Additionally, the make up of monitors at the different settlements was 
not satisfactory. For example, at Kempston Hardwick and Brogborough there were 
only female monitors and there were no male part-time workers. It became apparent 
when the population response framework was developed that certain types of 
individual, such as males at Kempston Hardwick or Brogborough, or male part-time 
workers could not be included due to there being no monitors of this type to make 
odour reports. 

Volunteers were invited to attend one of a series of meetings at JERC held during 
March 1997. At these meetings they were infonned about the project background and 
what monitoring entailed. They were asked to complete a questionnaire (see 6.4.2) 
and to take the odour perception tests, as described in 6.3.1. Existing monitors were 
asked to attend a separate meeting held in early April. They were informed about how 
the project had progressed. about changes to monitoring procedure (see 6.3.2 and 
6.4.4) and to retake the odour perception tests (see 6.3.4). 

6.4.2 Additional Information about monlton 
It became apparent from the examination of monitors' reports during the pilot panel 
that there were gaps in infonnation about their background and lifestyle that may 
explain some of the patterns that emerged from the data. For example, the most 
frequent times for complaints were around 8.00am, 3.00pm and 7.00pm. Wu this due 
to lifestyle factors? People generally get up and go to work around 8.00am. 

Therefore it is possible odours are reported then due to individuals being up and about 
at that time and being able to detect odour. Conversely, work may start at a local 
odour source, for example landfill sites, leading to odour release at that time. Also u 
referred to above, the volunteer monitors may have had differing sensitivity to odours 
due to factors such as age or occupation. which may have caused differences in odour 
reporting. 

The identification of these patterns led to the research objectives first raised in 
Chapter 1, later in Chapter 4 and the development of the odour monitoring tree. The 
questions related to physical or environmental factors., physiological and behavioural 
factors. The questions are reiterated below (see Section 4.2), 
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• Firstly. to ascertain how personal factors. such as age or health can affect exposure 
levels of odour an individual can experience. 

• Secondly, to ascertain how an individual's lifestyle and behaviour may influence 
their exposure to odour. 

• Thirdly, to relate this information to spatial and environmental factors. 
• Finally, to use the information obtained as a means of demonstrating that 'human 

factors' have to be included in odour assessment. 

It should also be remembered that these questions have their basis in the four major 
components identified in Section 4.2, namely physical, physiological, psychological 
and behavioural components. The data from the monitors, it was hoped would provide 
information on the three 'human' components, physiology, psychology and 
behaviour. When examining the discussion in the previous paragraph. it can be seen 
that the questions posed fall within the scope of the three questions summarised 
above. It then became apparent that, in order to answer these questions that more 
information on the personal and behavioural attributes of the monitors was necessary. 
It was therefore decided to find out more about monitors' backgrounds, including 
their behaviour and factors affecting their sense of smell using two sources. These 
were a questionnaire asking for basic information about the monitor and a time diary 
(see Appendix A). 

The Questionnaire 
The questionnaire was very brief and simple so not appear be excessively intnlSive 
and so it could be completed during the meetings. The questionnaire asked for details 
relating to several areas. These included age and health, details on occupation. likes 
and dislikes about the Marston Vale. As discussed in Chapter 2. it is known that these 
factors may affect or influence the ability to perceive odour and affect opinions of it. 
The questions are discussed in greater detail below. The questionnaire also asked for 
times when volunteers would be able to monitor. which was also useful in gaining 
some idea of the times when monitors were most likely to be at home. 

• Questions I to 4 asked related to smoking habits. The volunteers were asked if 
they smoked. if they had given up smoking and were they exposed to smoking at 
home or at work. As discussed in 2.2.5, smoking and passive smoking can, 
according to some researchers, affect olfactory ability. If this is the cue, then 
smoking was a lifestyle factor that had to be addressed as part of the second 
research objective. 

• Questions S and 6 related to the volunteer's health (sec 2.2.2 and 2.2.3). They 
included questions on age, volunteers were asked to state their age group, and if 
volunteers had any health problems that would affect their sense of smell. 
Volunteers stated to which age group they belonged, rather than their age. It was 
decided to ask this as some people may be reluctant to divulge their age. When the 
health question was designed, it was decided that a definitive list of conditions and 
medication would be too detailed for a questionnaire of this type. Also, as with 
age, some individuals may not like to reveal that they had a medical condition in 
these circumstances. Therefore it was decided to ask them if they had a medical 
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condition which they believed. affected their sense of smell and give a few 
obvious examples. such as hay-fever. It was then left to the volunteer what they 
would say. Age and health fall in the category of the second research objective 
relating to physiological characteristics that may affect olfactory ability. 

• Questions 7 to 10 related to the occupation of the volunteer. These questions, like 
those on smoking. relate to Ii festyle factors affecting exposure to odour and 
therefore address the second question relating to how behaviour can influence 
exposure to odour. Volunteers were asked to state whether they were employed 
full- or part-time. or if they were economically inactive. for example. retired or a 
housewife. They were also asked what their job was. if they had one. They were 
asked to state if. in their own opinion if they were exposed to materials, such as 
dusts or solvents, and then if, in their opinion, their exposure to these materials 
was above average. The question relating to employment was asked in order to 
identify individuals most likely to be at home for comparatively long or short 
periods. That is what their potential exposure time would be. As discussed in 
2.2.6, which describes how reporting behaviour may be affected by the length of 
time at home, it was hoped to identify ifindividuals varied in their reports due to 
their potential exposure time. The questions relating to exposure to materials that 
can damage olfactory ability sought to identify those individuals who may be 
affected by such exposure. This was discussed earlier in 2.2.5. 

• The next question, which was not numbered on the questionnaire, asked which 
times that the volunteer would find most appropriate for monitoring. It also 
provided additional information on the times when monitors would be at home, as 
that was when they would be able to monitor. This would indicate when an 
individual would be most likely to be exposed to odours. 

• The final questions, numbered 12 to 14, related to how long the volunteer had 
lived in the Marston Vale and what they liked and disliked about the area. The 
question on how long they had lived in the area was asked in order to estimate 
how much experience the individual had of living in the area and, therefore, how 
much experience of odour they had. This question related to Section 2.3, 
particularly 2.3.1 that discussed how experience and leaming may affect odour 
perception and response. It was hoped to identify if the length of time IpCI1t living 
in the area would affect the reporting pattern of the moniton. The lut two 
questions, relating to likes and dislikes of the ~ were asked to identifY if the 
volunteer disliked or had concerns about their local environment and odour 
pollution, particularly landfill odour pollution. Again, these questions sought to 
identify if the opinions of the individual to odours or the landfill would atTect their 
reporting patterns. These questions also related to Section 2.3. All of these 
questions related to how behavioural and psychological factors could affect 
response. 

The Time Diary 
An additional way of obtaining information on the length of time a volunteer was 
likely to be exposed to odour was the use of a time diary. This is shown in Appendix 
A. Volunteers were asked to record their movements for one week. They recorded the 
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times they got up, times they left their home and returned, and the time they went to 
bed. Short periods of time, of about hal f an hour or less, they were away from home 
were not recorded. This was done so as not to make the reporting excessively 
demanding. It was decided to limit the record period to one week for convenience for 
volunteers, as this was a very demanding activity and the good will of monitors was 
important to the project. It was hoped, on a basic level, that the time diary would 
clarify the discrepancies in reports, where one monitor reported an odour but a 
neighbouring monitor did not. It was also hoped the diary would illustrate how 
behaviour, in this case times when monitors were at home, could affect exposure 
levels. Again, as with the questions on employment patterns and times for monitoring, 
it was hoped infonnation from the time diary would help to identify how behaviour 
could affect exposure levels and response. This is related to the second research 
objective, namely how an individual's lifestyle and behaviour can affect their 
exposure to odour. 

It became apparent that this simple time diary, whilst useful in some respects was not 
sufficiently detailed. Examining the diaries showed that certain monitors had reported 
odours and others at the same locations had not. There was the suspicion that they 
may not have been absent and therefore for some other reason had "missed" the 
odour. These other reasons could have included their other attributes and the 
opportunity to identify the importance of these attributes was missed. For this reason. 
monitors should have been required to note alllheir absences no matter how brief. 

6.4.3 Tbe decision not to train tbe Odour Monitorlnl Pinel 
It was suggested that monitors could be taken to the local landfill siles in order to 
smell the odour produced at source. This idea, allhough initially an attractive one. was 
rejected for the following reasons. 

• Firstly, on the day of the visit the odour lhat may be present may be being released 
from an atypical source, for example an unusual waste being disposed of at the site. 
This may cause confusion as to what the usual landfill odour is. 

• Secondly, the properties oflhe odour may be different at source to what is 
experienced by the community some distance away. For example the intensity of 
the odour or its hedonic qualities may be different. As discussed in Chapter 4, this 
may arise due to dilution of the odour plume or the plume's constituents 
undergoing chemical reaction. Diaper (1987) refeJTCd to this phenomenon 
occurring in his study of the impact of fann waste odours. This may serve only to 
confuse monitors. 

• There is also the possibility that the landfill would not smell when the visits took 
place, resulting in a wasted journey. 

An additional factor to consider is the one proposed by Cain (1980) and Leonardos 
(1980) in their discussions on odour thresholds and panelist selection respectively. 
Cain questions whether trained odour monitors would produce results representative 
of the general popUlation or if results could be biased in some way. Leonardos states a 
similar argument. He wrote that it is "recognised that sensitivity to odoun ... incn:ases 
with training". The research wanted to identify the population exposure to odour. not 
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just the monitors. If training resulted in monitors being more sensitive and producing 
higher numbers of reports, then this would make correlating the data to the general 
population difficult. It was therefore decided that the project would rely on the 
experience of the monitors of what they believed to be landfill odour at their location. 
This was more appropriate than their having to guess if the odour they smelled was 
similar to that which they smelled at the landfill site. 

6.4.4 Changes to monitoring procedure 

The reasons for changes made to monitoring procedure were discussed in Chapter 4 
and in earlier sections of this chapter. The variation in the standard of reporting was 
quite marked. Some monitors provided detailed records, but others did not. At the 
meeting attended by long-term monitors, it became apparent that there was some 
confusion as to how monitoring should be done and what should have been reported. 
Some monitors did not know that they should report all odour types or that they could 
report odour more than once a day. In an effort to produce a more consistent standard 
of reporting, several new features were introduced. These were report sheets for daily 
recording. notes for guidance for monitors and a set time for monitors to sniff the air 
for odours. 

A copy of the record sheet and guidance notes are shown in Appendix A. The record 
sheets were designed to take the form of a list. so monitors could scan the questions 
and place the answers beside them. This was done to ensure that all the details 
required would be provided. The questions asked were largely the same as during the 
earlier monitoring period, for example the time of monitoring and odour type and 
pleasantness. However. new questions were added to the list to obtain more 
information about the situation that odour pollution occurred in. 

• At the top of each sheet, the monitors were asked to write their name and address. 
It was noted that monitors in the pilot panel did forget to write this information. 

• Question 1 asked the monitors to write the date. Again, monitors did on occasion 
forget to write this in the pilot study. 

• Questions 2 and 3 were not asked in the pilot panel. These were location and 
activity of the monitor at the time when they smelled the odour. The location 
referred to where the monitor was, for example indoors or outdoors, at home, at 
work, in the car and so on. They were asked to describe their activity at the time, 
for example were they monitoring, doing housework, watching television, or 
waiting for a bus. As discussed in Chapter 2, the lifestyle of the monitor and their 
location may influence their exposure to odour (research objectives 2 and 3). It 
was hoped to identify how frequently individuals would report odoun whilst 
inside or outside buildings, and if they were actively monitoring or otherwise 
occupied. Question 4 asked the time that the report was made. Again, monitors did 
forget to report this in the pilot study. 

• Question S asked the length of time that the monitor could detect the odour. In 
2.2.7, there was reference made to adaption, where an individual will cease to 
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smell an odour even though it is present in the environment. However, opinion 
appeared to be divided about how much emphasis should be placed on this 
process. It was hoped to identify if monitors did cease to detect odours after a brief 
period of minutes or if they could detect the odour for prolonged periods. Ifodour 
was found to be detectable for longer periods, then this may indicate that the 
potential for nuisance would be greater than if the odour was present only 
fleetingly. 

• Question 6, asked for details of cloud cover. This question was asked during the 
pilot study and the categories used were the same. The question was asked to gain 
some idea of weather conditions at the time of the odour event. It would also be 
used for comparison with other monitors reports to assess their accuracy (see 
6.4.5). As with other questions on the report sheet monitors were instructed at the 
meetings as how to estimate cloud cover. Instructions as to how to estimate cloud 
cover were also provided in the guidance notes for monitors (see Appendix A). 
The monitors were asked to look at the sky when they were making their report 
and select from a scale of I for clear sky to 8 for fog/drizzle the most appropriate 
description for weather conditions at the time of the report. Each point on the scale 
was touched upon and examples given. For example, "highllight clouds described 
in code 2, were described as "mares tails" (cirrus) or mackerel sky (cirrocumulus 
or altocumulus) clouds. The definitions of different fonns of cloud cover were 
described in layman's tenns, so as not to confuse individuals without a great deal 
of knowledge of differing types of cloud. Also, as with reporting odour properties, 
they were advised to select the best description they could, but ifthey were 
uncertain as to what to write, they could mention this in the space marked "any 
comments" on the record sheet. 

• Questions 7, 8, 9 and 10, related directly to the odour. The monitors were ukcd 
what they thOUght the odour source was (Table 5.4 question 7). They had a choice 
of four categories, which were local, landfill, brickwork and agricultural odours. 
They then had to state how certain they were of their choice (Table S.4 question 
8). If they were very certain, they gave their choice a score of 1, if they were not 
very certain they gave it a score of 3. Some monitors at the meetings expressed 
concern that they would make the 'wrong' choice when describing odour, but 
were advised if they were very unsure to score their choice with a 3. They were 
also asked to state how pleasant and intense the odour smelled to them (Table S.4 
questions 9 and 10). They were asked to mark the pleasantness and intensity on a 
scale of I to 7. A score of I meant the odour was very pleasant or very weak. a 
score of7 meant the odour was very unpleasant or very strong. 

• There was a space left on the report sheet where the monitors were also invited to 
provide any infonnation they felt was relevant, for example they could make a 
comment about the weather or the circumstances that they smelled the odour in. 
Some monitors in the pilot study did volunteer infonnation, and it was thought 
appropriate to invite them to make their own contribution to monitoring. 
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At the meetings held at IERC, the volunteers were taken through the reporting sheets 
step-by-step and told what was required in the reports. It cannot be overstressed how 
thoroughly the process of monitoring and completing report sheets was examined. 
The meetings were deliberately made informal so as to put volunteers at their ease and 
enable them to ask questions about aspects they did not understand. In a further effort 
to ensure that monitors knew what to do, they were provided with guidance notes that 
provided step-by-step instructions on how to complete the recording sheets. Specimen 
notes are included in Appendix A. The notes also provided additional information 
such as what to do with completed sheets and contact telephone numbers in case of 
emergency. Also, as mentioned in 6.4.1, prior to the start of monitoring and two 
weeks after monitoring started, telephone calls were made to monitors to ensure that 
they understood the notes and how to complete their sheets, and were not having 
problems with monitoring. 

It was decided to have as many monitors as possible sniff for odours at the same time 
in order to obtain as complete a picture of any odours at that time as possible. The 
time chosen was 8.00am, when all but two of the monitors were usually at home. It 
should be remembered that 8.00am was also one of the peak times for odour 
reporting. Therefore, the monitoring involved the monitors sniffing for odours once a 
day at the set time. They then completed their report sheets stating if they had smelled 
an odour or not. Obviously, if they did not smell an odour, the monitor could not 
answer all the questions, but it was important for them to state that they had not 
smelled anything. For the same reason, they were asked to record when they had not 
been able to monitor, due to sickness or holidays. As discussed in Chapter S and 
earlier sections in this chapter, missing reports had posed a problem with estimating 
exposure to odour and frequency of odour events. They were also asked to report any 
other odours that they may smell during the course of the day. This was the reasoning 
for the two columns for odour reports on the recording sheets. 

There were some shortcomings with the reporting sheet that became apparent after the 
monitoring period. The monitors were asked to state their activity and location at the 
time of their report. For example, were they indoors or outside, monitoring or doing 
some other activity. were they at their home address or away from their settlement. 
Most monitors did state this, although some did not. This made analysing the 
circumstances surrounding the detection of odour difficult. There appean to have 
been some confusion also about how to go about recording the intensity and 
pleasantness/unpleasantness of the odour detected (although this result may have been 
due to an idiosyncratic sense of smell). This resulted in the inability to analyse any 
links between monitor types,location and odour hedonics (see Section 9.6). 

6.4.5 IDspeedoD of the data 

When the monitors submitted their reports, the infonnation contained within them 
was broken down on the level of the individual monitor and the groups ofintereat.lt 
became apparent that the level of variation between individuals wu very marked. The 
variation was such that it became apparent that grouping monitors by attribute wu an 
artificial action to take as monitors with the same or similar attributes varied markedly 
in the reports they made (see Chapter 10). However it wu decided to continue with 
the process of grouping for two reasons. Firstly because such attributes hid been 
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identified as affecting olfactory ability by other researchers. Secondly it was 
undertaken for the purpose of identifying a framework within which a response model 
could be developed. Grouping of monitors was undertaken by breaking down reports 
on the basis of age, gender, health, smoking habits, working pattern, length of time 
monitoring, length of time living in the Marston Vale and opinions of the Vale. 
Statistical tests were carried out where appropriate. The data were also broken down 
on the basis of temporality and spatiality, that is odour reported. time and monitor 
location. This was carried out to ascertain if there were particular times or places that 
were associated with odour pollution. The location of monitors when they made 
landfill odour reports were compared with wind direction to assess if they were 
downwind of the landfill site at the time of the report. In order to identify any 
relationship. the reports were also compared to wind speed. 

It was also decided to attempt to validate the reports by comparing values of cloud 
and visibility assigned by monitors when they reported odours at around the same 
time. It was hoped to identify any individual who may have been inaccurate when 
their reports. 

6.4.6 The post-monitoring questionnaire 

At the end of the three months of monitoring. five of the monitors left the panel. They 
were invited to complete a second questionnaire asking them for details that could not 
be asked prior to monitoring. This is shown in Appendix A. This was because they 
could not answer the questions until they had monitored or, secondly, because it was 
felt the questions were of a sensitive nature and may have 'primed' their reports. The 
questions fell into three main categories. These were firstly. about monitoring. 
secondly. the results of their monitoring and, thirdly, infonnation about complaints 
and their response to odours. Four monitors completed and returned the reports. 

The first group of questions. numbers 1 to 4, related to the monitoring undertaken by 
the monitors. They were asked how easy it was to monitor and if they had any 
problems (Questions I to 3). They were also asked why they had volunteered to 
monitor (Question 4). These questions were designed to uk for feedback on 
monitoring to identify if any further changes should be made. Moniton were ukcd 
why they had volunteered in order to identify any individuals who were dissatisficd 
with the presence of the landfill or with the quality of their environment. 

The second group of questions, numbers 5 to 9, asked the monitors their opinions 
about their reports. They were asked if they reported all odours or any specific odours 
more or less frequently than they anticipated (Questions 5 to 7). They were ukcd this 
in order to see if they were surprised with their results, for example if they reported 
odours less often than they had thought they would (Question 8). They were also 
asked if they were more aware of odours than before the start of the study (Question 
9). This would help clarify if these individuals could be used in any further study or if 
they would be influenced into over or under reporting by their work on the panel. 

The third group of questions, numbers 10 to 15, asked them if they had ever 
complained about odours and if, when they smelled odour had they ever taken 
avoiding actions or had medical symptoms due to their exposure. They were ukcd 
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this to identify individuals who possibly had volunteered as panel members due to 
annoyance with odour. They were also asked if they wanted to make any other 
comments about the project or about their local environment. 

6.5 The panel background 

The panel consisted of 30 individuals at the start of monitoring. The panel was smaller 
than what was sought, due to the difficulty of finding individuals willing to monitor. 
Additionally. the numbers of individuals in each group were not always ideal. For 
example, there were 30 monitors in all, but only eight of them were male. It would 
have been preferable to have a larger number of males in the panel, as the sample size 
was very small. The details of the panel, obtained from the pre-monitoring 
questionnaire, are as follows. 

• There were 22 female and 8 male volunteers 
• There were 3 smokers amongst the monitors, and 6 monitors who had given up 

smoking between 3 and 36 years before monitoring. Seven monitors experienced 
passive smoking either at home or at work. 

• There were 8 people in the 18-35 group, 7 people in the 36-45 group, 11 people in 
the 46-55 group and 4 in the over 55 age group. 

• Two monitors stated that they suffered from hay-fever, one from allergies and 
another from asthma. 

• Five of the monitors were housewives/carers and three were retired. Fourteen 
monitors were in full-time employment and 8 in part-time work. 

• Two monitors stated that they were exposed to higher than normal levels of dusts 
or chemicals through their employment. 

• The monitors were also divided into groups on the basis of how long they had lived 
in the Marston Vale. Nine had lived in the area for up to 5 years, 6 between 6 to 10 
years, 7 for 11 to 20 years and 8 for over 20 years. 

• The monitors, when completing their questionnaire, were asked to state 3 features 
of their local area that they did not like. There were 51 responses where the 
monitors expressed dissatisfaction with their environment. This ranged from traffic 
to litter. There were 12 instances where people referred to odours generally, 16 
instances where they referred to the landfill sites as being undesirable and 3 
statements about disliking landfill odour. 

A summary of monitors' attributes is shown in Table 6.6 overleaf. 

Monitors were located at 9 villages throughout the Marston Vale (see map in Figure 
5.1). The numbers varied between settlements, from I monitor at Marston Moretaine 
to S at Cranfield, Kempston and Stewartby. Again, due to difficulties in recruitina 
monitors, there were settlements, such as Marston Moretaine, where monitor numbers 
were less than desired. The numbers of monitors are shown in Table 6.7. 
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monitor gender age health smoking work lived in new or 
problem habit pattern Vale long 

(years) term 
CCB F 36-45 none passive Part-T II 10 
YHB F 18-35 none passive EI 85 Dew 
CEC F 36-45 none non-smo Part-T 16 10 
NHTC F 18-35 none nOD-smo EI 32 Dew 
BlC F 36-45 allergies DOD-smo Part-T 3 Dew 
MKC M 56+ DO De DODe Full-T 18 Dew 
PEK F 36-45 bay-feve DOD-smo Part-T 15 10 
PFK F 46-55 Done DOD-smo Part-T 26 10 
MHK F 46-55 astbma DOD-smo Full-T 26 Dew 
KSK F 36-45 nODe DOD-smo Full-T 14 Dew 
TSK M 46-55 none DOD-smo Full-T 20 Dew 
IFKH F 46-55 Done DOD-smo Full-T 7 Dew 
CMKH F 46-55 DODe smoker Full-T 1 Dew 
SWKH F 18-35 DODe puslve Full-T 1 Dew 
NCL F 18-35 DODe DOD-imo Fall-T 7 Dew 
Cll F 46-55 DODe DOD-imo EI 14 10 
DKL M 46-55 DODe DOD-imo Full-T 4 Dew 
MHMM F 56+ DODe smoker EI 3 Dew 
KBS M 56+ DODe smoker EI 26 10 
CBS M 18-35 DODe puslve Full-T 5 Dew 
CFS F 36-45 DODe DOD-imo Full-T 7 Dew 
SJS F 18-35 DODe DOD-imo Part-T 35 10 
SWS F 18-35 DODe pUllve Full-T 4.5 Dew 
pew M 56+ DODe DOD-imo E. • Dew 
LRW F 46-55 DODe DOD-imo Full-T 10 Dew 
ERW F 46-55 DODe puslve Part-T 23 10 
lSW M 46-55 bay-feve DOD-Imo E. 50 10 
BLWG F 18-35 DODe DOD-imo Part-T 12 Dew 
FLWG F 46-55 DODe DOD-imo E. 2l 10 
SRWG M 36-45 DODe pOllve Full-T 2.5 Dew 

Table 6.6: Summary of mODlton' dnalll 

Key to Table 6.6: 
Gender: F - Female, M 0= Male 
Smoking: passive" passive smoker, non-smo - non-smoker 
Work pattern: Full-T" full-time, Part-T .. part-time, EI- economieally inactive 
New or long-term monitor: new" new monitor, 10 -long-term monitor 
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Location Number of monitors 
Brogborough 2 

Cranfield 4 

Kcmpston 5 
Kempston Hardwick 3 

Lidlington 3 
Marston Morctaine 1 

Stcwartby 5 
Wootton 4 

Wootton Green 3 

Table 6.7: Numben of moniton at different lotatlonl tbroulbout tbe Manton 
Vale 

The monitor groupings form the basis of the analysis in Chapters 7 and 8, and the 
development of the framework of population response. The results from the panel 
were broken down into these groups for the data analysis in order to assess any 
variability in response. 

6.6 The results of the odour trials 

As discussed in Section 6.3 the odour trials were conducted in meetings for panel 
volunteers prior to the start of monitoring in April 1997. All the volunteen. whose 
backgrounds are related above, took part in the trials. The individual results are 
summarised in Table 6.8. The scores for each test are out of a maximum of S points. 

As will be remembered from Section 6.3, there were three tests. for discrimination 
between different odours, and tests to discriminate different intensities and thresholds. 
There were five stages in each test. It can be seen from Table 6.8, that the results were 
apparently variable. Four monitors, BJC, KSK, CMKH and OKL. reported having 
colds and blocked noses at the trials. However. it is not clear how this may have 
affected their results. if at all. They did produce variable results, although none of 
them got all the tests completely correct. 

It should be remembered from Section 4.2 that the first research question uked bow 
personal factors such as health or age may affect exposure to odour. Such facton are 
known to influence detection and identification of odour. This was discussed further 
in Section S.2. where the data analysis from the pilot study had suucsted that luch 
facton as age and gender might have affected reporting patterns. Therefore in order to 
gain some insight into the monitors' reports the results in Table 6.8 were examined on 
the basis the physiological attributes of the volunteen. These attributes are gender, 
age, smoking/non-smoking and health. which are believed to affect the ability of an 
individual to sense an odour. 
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Volunteer Discrimination test Threshold test Intensity test 
- number correct - number correct - number correct 

CCB 5 2 2 
VHB 5 5 5 
CEC 5 3 3 

NHTC 5 5 5 
BJC 2 4 I 

MKC 5 4 5 
PEK 5 4 2 
PFK 5 2 3 

MHK 2 5 3 
KSK 3 3 I 
TSK 4 5 3 
IFKH 3 5 2 

CMKH 5 5 I 
SWKH 5 5 5 

NCL 5 5 5 
CJL 5 2 3 
DKL 3 4 5 

MHMM 4 3 I 
KBS 5 3 3 
CBS 5 5 3 
CFS 5 5 3 
SJS 2 3 3 

SWS 2 3 3 
pew 5 5 5 
LRW 5 5 5 
ERW 3 3 3 
JSW 5 3 3 

BLWG 5 5 5 
FLWG 3 4 3 
SRWG 2 4 I 

Table 6.8: The raults or tbe odour trial for eacb volaaleer 

The first attribute to be examined was that of gender. The mean scores of male and 
female volunteers were 4.25 and 4.04 respectively. These values did not appear to be 
greatly different. A I-test was carried out which produced a value of 0.28. The critical 
value of 0.92 was greater than the test value. This meant that the null hypothesis, i.e. 
that there was no signi ficant di tTerence between the means, was accepted. 

The other attribute for which a I-test was carried out was that of health, where 
volunteers were divided into two groups. These were people with health problems that 
could affect their sense of smell and those without such problems. The I-value was 
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0.43 and the critical value was 3.0. Again, as with age, the null hypothesis, that there 
was no significant difference bctween the two groups, was accepted. 

An Analysis of Variance was carried out for both age and smoking. The F-value for 
age was 2.28. As the critical value was 3.01, the null hypothesis, that there was no 
significant difference between the different age groups was accepted. The F-value for 
smokers, non-smokers and passive smokers was 4.01. As the critical value was 3.01, 
the null-hypothesis, that there were no significant differences between the groups, was 
rejected and thus there were significant differences between the groups. The mean 
score for non-smokers was 11.55, passive smokers was 10.86 and for smokers was 10. 
This suggests that non-smokers had slightly greater olfactory ability than passive 
smokers who in tum had slightly higher sensitivity than smokers did. 

To summarise, there were several results from the trials. 
• The results of the trials showed that there was some variability in the sense of smell 

of the individual volunteers. Four volunteers, BJC, KSK, CMKH and OKL 
reported having problems with their sense of smell at the trials. How this affected 
their results is not known. 

• Statistical tests showed no signi ficant di fferences between volunteers on the basis 
of gender, age or health. However, tests for the effect of smoking on trial results 
did produce a result showing significant difference. 

There was no testing to identify the ability to detect odour pleasantness or 
unpleasantness. As referred to above, there was a problem with one monitor in 
particular recording odour hedonics properly. This may have arisen to his having an 
idiosyncratic sense of smell, but this was not identified. 

6.7 Summary of Chapter 6 

As stated above, a new monitor panel commenced work in April 1997. Whilst at 
introductory meetings, the monitors took part in odour perception tests and completed 
questionnaires on their backgrounds. These tasks were carried out to identify the 
volunteers' olfactory attributes and to gain some insight into factors that would affect 
their olfactory ability and behaviour. For the first week of monitoring. they completed 
diaries recording when they were absent from home, so that the times and lengths of 
time they could be exposed to odour could be estimated. The monitors used recording 
sheets for their daily reports. The panel was made up of 30 people who monitored for 
three months. The monitors' backgrounds were ascertained through the use of the pre­
monitoring questionnaire and are recorded in Table 6.6. The moniton were not trained 
as this may have caused bias in the results and would have made linking the results to 
the general population of the area difficult. 

It was hoped these activities would provide information on the following, 

• To provide information on the exposure and detection and response on the level of 
the individual (research objective 2, see Section 7.2). 
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• To provide infonnation on the level of groups of individuals with similar 
attributes (research objective 2, see section 7.3). 

• To identify patterns of landfill odour impact on a spatial and temporal basis 
(research objective 3, see Section 8.2). 

On the basis of these activities, the next stage would be, 

• To attempt to develop a framework on which a population response model could 
be based (research objective I, see Chapter 10). 
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Chapter 7 

Exploring variety of response to odour 

7.1 Introduction 

Chapters 7 and 8 relate the results obtained from the monitoring panel in operation 
from April to July 1997. This chapter examines monitors' reports on the level of the 
individual monitor and groups of monitor with attributes in common. Chapter 8 
examines reporting patterns on the basis of communities and locations. 

Section 7.2 highlights variability in reporting patterns produced by individual 
monitors. This variability is shown to be substantial with no overall patterns observed 
in monitors' reports. This suggests that the patterns of exposure and response 
observed in the panel are the product of the interaction of a number of attributes and 
factors such as time and location, rather than these factors operating independently. In 
Section 7.3, despite this substantial variation, the reporting patterns of monitors 
grouped by similar attributes are examined. The attributes are those identified in 
Section 2.2 that may affect the ability to detect and respond to odours. They include 
gender, age, health and working patterns. As mentioned in Section 6.4, this wa 
undertaken for two reasons. Firstly because such attributes are believed to affect 
olfactory ability. Secondly, because such groupings form the bais of the prototype 
response framework. It was decided that the development of the framework could still 
be undertaken as a demonstration of how such a procedure could be done. The results 
of this analysis of groupings were tested for statistical significance. Even though some 
of the results were not found to be significant~ the groupings were still used a the 
literature suggested that there would be differences. The information used for this 
procedure was obtained from the pre-monitoring questionnaire (see 6.4.2). Theae 
groupings were selected so as to facilitate the development of the population response 
framework in Chapter 10, which endeavours to estimate exposure to odours for 
different types of individual at different locations. It is recognised that the framework 
is crude and unable to embrace the great variation in exposure and response seen 
amongst individual monitors. Indeed, Sections 7.2 and 7.3 illustrate that the 
experience of odour pollution can differ substantially across a population due to 
personal attributes and spatial and temporal factors (research objectives 2 and 3). 
However. the framework does attempt to address some of the interaction of attributes 
observed at group level. In Chapter 9, where report reliability is assessed.. the 
reporting patterns of monitors on the individual and group level were examined. This 
was undertaken to identify individual monitors whose reports deviated from the usual 
pattern of reports. 

7.2 The reporting pattern. of Individual mon/fora 

This section discusses the variability seen in the reports of individual monitors of the 
odour panel. Table 7.1. reproduced from Section 6.S. summarisca the individual 
monitors' details. Figure 7.1 shows a breakdown of the numben and types of odours 
produced by the monitors at each location. Figure 7.2 shows the reporting intcnaity 
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Monitor gender age hcalth smoking work lived in new or 
code problcm habit pattern Vale long 
name (years) tenn 
CCB F 36-45 none passive Part-t II 10 
VHB F 18-35 none pasllve EI S.5 new 
CEC F 36-45 Done non-Imo Part-t 16 10 
NHTC F 18-35 none non-Imo [I 31 Dew 
BlC F 36-45 allergies nOD-lmo Part-t 3 Dew 
MKC M 56+ DODe DOD-imo Full-t IS Dew 
PEK F 36-45 hay- DOD-imo Part-t 16 10 

fever 
PFK F 46-55 DODe DOD-imo Part-t 16 10 
MHK F 46-55 astbma DOD-imo Full-t 16 Dew 
KSK F 36-45 DODe DOD-imo Full-t 14 Dew 
TSK M 46-55 DODe DOD-imo Full-t 10 Dew 
IFKH F 46-55 DODe DOD-imo Full-t 7 Dew 
CMKH F 46-55 DODe Imoker Full-t I Dew 
SWKH F 18-35 DODe paulve Full-t I Dew 
NCL F 18-35 DODe DOD-imo Fall-t 7 Dew 
ClL F 46-55 DODe DOD-ImO [I 14 10 
DKL M 46-55 DODe DOD-imo Full-t 4 Dew 
MHMM F 56+ DODe Imoker £1 3 Dew 
KBS M 56+ DODe Imoker £1 16 10 
CBS M 18-35 DODe pOllve Full-t 5 Dew 
CFS F 36-45 DODe DOD-imo Full-t 7 Dew 
SJS F 18-35 DODe DOD-imo Part-t 35 10 
SWS F 18-35 DODe paulve Full-t 4.5 Dew 
pew M 56+ DODe DOD-imo £1 I Dew 
LRW F 46-55 DODe DOD-imo Full-t 10 Dew 
ERW F 46-55 DODe pOllve Part·t 13 10 
JSW M 46-55 Hay- DOD-ImO EI 50 10 

fever 
BLWG F 18-35 DODe DOD-ImO Part-t 11 oew 
FLWG F 46-55 DODe DOO-ImO EI 13 10 
SRWG M 36-45 DODe pOllve Fall-t 2.5 oew 

Table 7.1: Summary of moo It on' detalla 

Key 10 Table 7. J 
Gender: F = Female, M .. MaJe 
Smoking: Passive = passive smoker, non-smo .. non-smoker 
Work pattern: Full-t .. Full-time, Part-t .. Part-time. EI - Economically inactive 
New or Long tenn monitor: new = new monitor. 10 - long-term monitor 
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for all odours and for landfill odours for each monitor. Each monitor is referred to by 
a code name to ensure anonymity. The first two letters are the monitors' initials and 
the last one or two letters are the initials of their location, for example 'WG' refers to 
Wootton Green and 'C' to Cranfield. For example. monitor VHB was monitor VH at 
Brogborough and monitor CMKH was monitor CM at Kempston Hardwick. Two 
monitors had three initials. namely monitor NHT at Cranfield (NHTC) and monitor 
IKF at Kempston Hardwick (lKFKH). 

An initial attempt to ascertain the extent of odour nuisance was to calculate the mean 
number of reports per monitor for each location or monitors found within each 
attribute group (the number of reports divided by the number of monitors). However, 
this does not adequately reflect the intensity of the impact of odour experienced by 
monitors. Therefore what was termed reporting intensity was calculated. This 
intensity value, taking the form of a weighted average. is obtained by dividing the 
number of reports by the number of actual days monitors were active at a particular 
location. 

So: Number of reports = Reporting Intensity 
Number of monitoring days 

This identifies the frequency of reports or odour incidents, i.e. how often odour is 
reported. The intensity acts as an indicator of the frequency of odour impact on 
individuals at a particular location or within a group and makes it easier to make 
comparisons of data obtained from different locations or groups by different numbers 
of monitors producing different numbers of reports. By calculating the reporting 
intensity value, the numbers of days monitors are present is taken into account. 
providing a more accurate reflection of the frequency of odour events. Reporting 
intensities are presented in this chapter and Chapter 8. 

It should also be noted that where a monitor's reporting intensity is recorded as being 
zero, i.e. 0.0, it means that the monitor was monitoring, but made no positive reports 
of odour. It does not mean that that they were not monitoring. 

7.2.1 Individual moniton' reports and location 
As can be seen from Figure 7.1, the pattern of reports varied markedly between 
monitors even when they were at the same location. For example, the two moniton at 
Brogborough produced differing reporting patterns, both in terms of overall numben 
and the types of odours reported. Monitor CCB produced only three reports, two of 
landfill odour and one of brickwork odour. Monitor VHB reported odour 33 times, 20 
reports of local odour, 7 oflandfill odour,S agricultural odours and 1 brickwork 
odour. This variability in the numbers and nature of the reports made arises from the 
attributes of the individual monitor. Monitor CCB belonged to age category 36 to 45 
years, worked part-time and was a long-term monitor. The reporting intensities for 
these three groups were comparatively lower than other groups. Monitor VHB was 
younger, in the 18 to 3S year category. was a housewife and was a new monitor. 
These groups produced higher reporting intensities (see Sections 7.3). 

Figure 7.2 shows the reporting intensities for each monitor. It can be seen that the 
reporting intensities for "aU" odours and landfill odour also vary markedly, even 
between monilon at the same location. The moniton at Brogborough produced 
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different reporting intensities, 0.067 for CCB and 0.427 for VHB. Such variability 
occurred at other locations, such as Cranfield. Monitor NHTC had high reporting 
intensities for all odours and landfill odours. 0.758 and 0.209 respectively. 

Other monitors at the same location did not produce such high values for either 
category. Monitor CEC produced intensities of 0.15 for all odours and 0.0 for landfill 
odours, monitor BJC 0.297 for all odours and 0.0 for landfill odour and MKC 0.132 
and 0.024 for each group respectively. These variable results were produced by 
monitors living at the same location, and illustrate how the experience of odour can 
differ between individuals. As reporting intensities are discussed further below, the 
intensity values for all monitors are shown in Table 7.2. It can be seen that not only 
do reporting intensities between monitors at the same location vary, but also reporting 
intensity values between monitors in the same attribute groups, such as gender or age. 

7.2.2 Individual reports and gender 

Referring to Table 7.3, the male monitors produced different intensity values for all 
odours and landfill odours. Monitor SR WG produced the maximum reporting 
intensity value of 0.654 for all odours, whereas monitor JSW produced the minimum 
value of 0.121. Additionally, when a monitor produced a high reporting intensity for 
one odour type, either all odours or landfill odours. it did not nccessarily follow that 
they produced a similar reporting intensity level for the other odour type. For 
example, monitor SR WG produced the highest reporting intensity value for all odours 
for male monitors, but produced one of the lowest values for landfill odours. 
The maximum value of landfill odour reports of male monitors was produced by 
KBS, the minimum value again was produced by JSW (JSW produced the lowest 
reporting intensity values for both odour groups). He was a long-term monitor who 
had health problems that may have affected his ability to detcct odours. Woouo~ the 
settlement where JSW lived. produced the fourth highest reporting intensity value for 
all odours (0.34), but one of the lower values for landfill odour (0.018). Therefore, it 
may not be surprising that he produced a lower value for landfill odour reports, but it 
is surprising that he did not produce a higher value for all reports. Possibly, the facton 
identified above affected his reporting pattern. The landfill odour reporting intensity 
value for KBS of 0.169 should not be surprising, considering his proximity to the 
Lfield site. SR WG produced a high reporting intensity value for all odours, which 
reflects the high level of local odour reports he made. Similar variations were 
observed amongst female monitors. It is notable that females produced wider ranges 
than males in reporting intensities for both all odoun and landfill odours, although 
this may be a product of there being more females than males in the panel. Monitor 
MHMM produced the highest reporting intensity for "all odourstt (0.909), and PEK 
(0.0) the lowest. The maximum reporting intensity value for landfill odours wu 
0.209, produced by NHTC and there were a number of female moniton who had 
reporting intensity values of 0.0 (CCB. CEC. BJC. PEK. KSK. SJS, LRW, BLWG). 

Monitor PEK failed to produce any reports. Why this should have occumd is not 
clear. She was a long-term monitor who had health problems, which may have lead to 
her having reduced reporting intensity values. However, to fail to report any odours at 
all, even local odours, is extraordinary. Perhaps she simply illustrates reporting 
fatigue, that is a loss of motivation to report odours. If this is the case, she 
demonstrates the importance of close examination of monitor performance with time. 
Monitor PEK had the smallest variation in the intensity values for both odour types. 
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The monitor with the largest range was MHMM with an overall odour reporting 
intensity value of 0.909 and a landfill odour intensity value of 0.182. Both of these 
intensity values were very high. the difference between them being the result of 
MHMM producing high levels of brickwork and agricultural odour reports. Marston 
Moretaine is a settlement where any odour type would be likely to be detected. It is 
locatcd at the centre of the Vale. close to Lfield. Stewartby brickworks and 
agricultural and local odour sources. The variation bctween male and female monitors 
is summarised in Table 7.4. 

Monitor Reporting Intensity for all odours Reporting Intensity for landfill 
odours 

CCB 0.067 0.000 
YHB 0.427 0.085 
CEC 0.150 0.000 

NHTC 0.758 0.209 
BlC 0.297 0.000 

MKC 0.132 0.024 
PEK 0.000 0.000 
PFK 0.411 0.033 

MHK 0.289 0.066 
KSK 0.118 0.000 
TSK 0.203 0.081 

IKFKH 0.472 0.033 
CMKH 0.532 0.013 
SWKH 0.666 0.016 

NCL 0.241 0.024 
CJL 0.047 0.023 
OKL 0.314 0.035 

MHMM 0.909 0.182 
CBS 0.256 0.046 
KBS 0.397 0.169 
CFS 0.687 0.016 
SJS 0.036 0.000 

SWS 0.890 0.121 
PCW 0.360 0.058 
LRW 0.200 0.000 
ERW 0.122 0.024 
JSW 0.121 0.011 

BLWG 0.130 0.000 
FLWG 0.145 0.032 
SRWG 0.654 0.025 

Highest MHMM NHTC 
value 
Lowest PEK CCB, CEC, &JC, PEl(, KSI(, 
value SJS, LRW, BLWG 

Table 7.2: Reportinllntensltles for all odoun and laadml odoDn for ucla 
moaltor 
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Male monitor code and Reporting Female monitor and Reporting Intensities 
Intensities 

All odours Landfill odours All odours Landfill odours 
MKC - 0.132 0.024 CCB - 0.067 0.000 
TSK - 0.203 0.081 VHB - 0.427 O.OSS 
DKL - 0.314 0.035 CEC - 0.150 0.000 
CBS - 0.256 0.046 NHTC- 0.758 0.209 
KBS - 0.397 0.169 BJC - 0.297 0.000 
PCW - 0.360 0.058 PEK - 0.000 0.000 
JSW - 0.121 0.010 PFK - 0.411 0.033 
SRWG -0.654 0.025 MHK -0.289 0.066 

KSK - 0.118 0.000 
IKFKH 0.472 0.033 
CMKH 0.532 0.013 
SWKH 0.666 0.016 
NCL - 0.241 0.024 
CJI. - 0.047 0.023 
MHMM 0.909 0.182 
CFS - 0.687 0.016 
SJS - 0.036 0.000 
SWS - 0.890 0.121 
LRW -0.200 0.000 
ERW -0.122 0.014 
BLWG 0.130 0.000 
FLWG 0.145 0.032 

Range of values: Range of values: 
All odours: 0.121 to 0.654 All odours: 0.0 toO.909 
Landfill odours: 0.0 I 0 to 0.169 Landfill odours: 0.0 to 0.209 
Highest: all odours = SR WG Highest: all odours - MHMM 
Highest: landfill odours = KBS Highest: landfill odours - NHTC 
Lowest: all odours - JSW Lowest: all odours - PEK 
Lowest: landfill odours = JSW Lowest: landfill odours - CCB, CHC, 

8JC, PEK, KSK~ SJS, LRW, BLWG 

Table 7.3: Reporting Intensities for mile Ind female mODlton 
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Monitor Monitor reference and attributes 
Female-highest all odours intensity value MHMM-56+, EI, no bealth problems, 

smoker, new monitor, lived in Vale 
3)'n 

Female-lowest all intensity value PEK-36-45, Part-time, bay-fever, Don-
smoker, 10Dg-term, lived in Vale 15 yn 

Female-highest landfill intensity value NHTC-I8-35,EI, no bealtb problems, 
non-smoker, new monitor, lived in 
Vale 32 yn 

Female-lowest landfill intensity value CCB, CEC, 8JC, PEl(, KSI(, SJS, 
LRW, BIJ WG-cUvene group only 
features In common are females, no 
smoken 

Male-highest all odours intensity value SRWG-36-45. Full-tIme, no bealth 
problems, passive smoker, new 
monitor, lived in Vale 2.5yn 

Male-lowest all odours intensity value JSW-46-55. EI, bay-fever, non-smoker, 
long-term, lived in Vale SOyn 

Male-highest landfill intensity value KBS-56+, EI, DO bealtb problems, 
smoker, 10Dg-term, lived In Vale 26yn 

Male-lowest landfill intensity value JSW-as above 

Table 7.4: Monlton producing hlgbest and lowest reporting intensity valun lor 
an odour reports and land 011 odoun 

7.2.3 Individual moniton and age 

In 2.2.2, the effects of age on olfactory ability were discussed. It was stated that 
olfactory ability starts to decline around 60 years of age before declining markedly 
over the age of70. There were no monitors in the panel who were over 70 years of 
age in the panel. The results in Section 7.3 revealed the youngest and the older 
monitors generally produced higher reporting intensities for all odours and landfill 
odours than other groups (see Table 7.S). 

The range of the younger monitors' reports was the largest, varying between 0.0 for 
monitor SJS and BL WG to 0.209 for monitor NHTC (the highest value produced 
overall). The 36 to 4S year old group produced the smallest range as well as the 
lowest values. Five monitors out of this group produced landfill reporting intensities 
of 0.0. None of the other groups produced so many 0.0 intensity values. This low 
level of variability suggests that members of this group were perhaps affected by 
attributes, such as smoking habits or employment patterns to a similar extent. It is 
notable that there were no smokers in the group, only one monitor was affected by 
health problems, none of the monitors belonged to the economically inactive group 
and there was only one male in the group. These factors were identified in Section 7.3 
as influencing reporting intensities. 
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18 to 35 years 36 to 45 years 46 to 55 years 56 years and over 
VHB - 0.085 CeB - 0.000 PFK - 0.033 MKC -0.024 
NHTC - 0.209 CEC - 0.000 TSK - 0.081 MHMM-O.IB2 
SWKH -0.016 BJC - 0.000 MHK -0.066 KBS - 0.169 
NCL -0.024 PEK - 0.000 I KFKH - 0.033 PCW -O.05B 
CBS -0.046 KSK - 0.000 CMKH -0.013 
SJS - 0.000 CFS - 0.016 CJL - 0.023 
SWS -0.121 SRWG-0.025 DKL - 0.035 
BLWG -0.000 ERW - 0.024 

LRW -0.000 
JSW - 0.011 
FLWG -0.032 

Range of values Range of values Range of values RaDle 01 values 
0.0 to 0.209 0.0 to 0.025 0.0 to O.OBI 0.024 to 0.IB2 
Hlgbest: NHTC SRWG TSK MKC 
Lowest: SJS, CCB, CEC, BJC, LRW MHMM 
BLWG KSK, PEK 

Table 7.5: Landfill reporting lntenlities lor different ale Iroupl 

7.2.4 Individual monlton and tbe effects 01 bealtb problems 

Monitors reporting health problems that could affect their olfactory ability produced 
lower intensity values than those who did not. There was a smaller range of reporting 
intensity values found in the group of monitors with health problems. This may have 
arisen due to the number of such monitors being so small or perhaps to health 
problems being a major influence on reporting intensity (sec 2.2.3). The monitor with 
the highest reporting intensity in this group, MHK. stated that she suffered with 
asthma, whereas the other three monitors reported suffering from hay-fever and 
allergies. This may explain why MHK's reporting intensity was higher, as her sense 
of smell may not have been so adversely affected as the other monitors in the group 
with health problems. 

Amongst the monitors who reported health problems, there was one attribute in 
common~ namely they were all non-smokers. There were three women and one man; 
they were ofdifferent ages, employment pattern, length of time living in the Marston 
Vale and different length service in the monitor panel. The moniton without health 
problems produced a wide range of intensity valucs, from 0.0 (6 moniton produced 
this value) to 0.209. Only six monitors in this group produced reporting intensities 
greater than MHK, which may suggest that her asthma did not affect her ability to 
detect odours and her performance was comparable to other healthy monitors. These 
monitors were VHB, NHTC, TSK. MHMM. KBS and SWS. They were a diverse 
group with no other attribute. such as age, gender or same employment p~ in 
common. 

There are a number of factors to be considered from this information. Firstly, there 
may be monitors who, despite problems with their health, may be as sensitive to 
odours as others without problems. Conversely, there may be other moniton who do 
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have impaired olfactory ahility and their inclusion in a monitor panel must be 
considered carefully in the context of why the panel is introduced. 

Monitors - reported health problems Monitors - no reported health 
prohlems 

BJC - 0.000 CCB - 0.000 
PEK - 0.000 VIIB - 0.085 
MHK- 0.066 CEC - 0.000 
JSW - 0.011 NHTC - 0.209 

MKC - 0.024 
PFK - 0.033 
KSK - 0.000 
TSK - 0.081 
IKFKH- 0.033 
CMKH- 0.013 
SWKH- 0.016 
NCI. - 0.024 
CJI. - 0.023 
DKI. - 0.035 
MHMM- 0.182 
CBS - 0.046 
KBS - 0.169 
CFS - 0.016 
SJS - 0.000 
SWS - 0.1l1 
PCW - 0.058 
LRW - 0.000 
ERW - 0.024 
BLWG -0.000 
FLWG -0.032 
SRWG -0.02S 

RaDle or values 0.0 to 0.066 RaDle or values 0.0 to 0.%09 
Hlgbest:MHK NHTC 
Lowest:BJC, PEK CCB, CEC, KSK, SJS, LRW, 

BLWG 

Table 7.6: LaDdnll odour report'DI iDteD,ldes of DIODI'on wlda ud wllllo •• 
bealth problems 

If, as in the case oflhis research. an effort is being made to identify the extCllt of 
odour impact on the general community. then individuals with health problemJ should 
be included, as they will be found in the community. Their inability to detect odoun 
as frequently as other monitors would be identified and "allowed for" when 
examining their patterns of reports. 
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7.2.S Indh'idual monlton and smoking 

Smokers produced high reporting intensity values. as discussed in Section 7.3. There 
was a wide range of intensities found in this group. from 0.013 to 0.182. This was 
surprising when considering that research suggested that smokers could have impaired 
olfactory ability (see 2.2.5). It should he noted that individual non-smokers did 
produce higher reporting intensity values than individual smokers. the highest value 
reported by a non-smoker being 0.209. 

Smokers Passive exposure Former smokers Non-smokers 
CMKH -0.013 CCB - 0.000 MHK -0.066 CEC - 0.000 
MHMM - 0.182 VHB - 0.085 KSK -0.000 NHTC-O.209 
KBS - 0.169 SWKH- 0.016 OKl .. - 0.035 8JC - 0.000 

CBS - 0.046 CFS - 0.016 MKC - 0.024 
ERW - 0.024 BLWG-O.OOO PEK - 0.000 
SWS - 0.121 SRWG -0.025 PFK - 0.033 

TSK - 0.081 
IKFKH- 0.033 
NCL - 0.024 
CJL - 0.023 
SJS - 0.000 
PCW - 0.058 
LRW - 0.000 
JSW - 0.011 
FLWG -0.032 

RaDle of values RaDle of values RaDle of valun RaDae of valaes 
0.013 to 0.182 0.0 to 0.121 0.0 to 0.066 0.0 to 0.209 
Hlabest: MHMM SWS MHK NHTC 
Lowest:CMKH CCB KSK, BI.WG CEC, BJC, PEl(, SJS, 

LRW 

Table 7.7: ReportlDalDteDlltln bued OD exposare to cl.arette .molda. 

The group with the widest range of intensities was the non-smokers group. However, 
apart from one high value reporting intensity. 0.209 (NHTC), other values were as 
low as others seen in other groups. Monitor NHTC was female, in the 18-35 age 
group, had no health problems and was a new monitor. In fact two of the smokers' 
intensity values were similarly high. 0.182 (MHMM) and 0.169 (KBS). They were 
both 56+. had no health problems and were economically inactive. 

This contradicts some of the literature which stales smokers have impaired abilities to 
detect and identify odours. In laboratory trials olfactory testing involves the use of 
individual compounds. Therefore comparisons between the two types of data may be 
difficult as, as described in Section 3.3 odours usually consist of "cocktails" of odour­
causing compounds. 
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7.2.6 Individual monitors and employment category 

The pattern of response seen in di fTerent employment categories also varied. with 
economically inactive individuals producing the highest intensity value. 0.209. This 
group also produced the widest range of reporting intensity values amongst the 
employment groups. 

Full-time workers Part-time workers Economically Inactive 
MKC - 0.024 CCB - 0.000 VHB - 0.085 
MHK - 0.066 CEC - 0.000 NHTC - 0.209 
KSK - 0.000 BJC - 0.000 CJL - 0.023 
TSK - 0.081 PEK - 0.000 MHMM - 0.182 
IKFKH - 0.033 PFK 0.033 KBS - 0.169 
CMKH - 0.013 SJS - 0.000 PCW - 0.058 
SWKH - 0.016 ERW - 0.024 JSW - 0.011 
NCL - 0.024 BLWG-O.OOO FI.WG - 0.032 
DKL - 0.035 
CBS - 0.046 
CFS - 0.016 
SWS - 0.121 
LRW - 0.000 
SRWG - 0.025 
Range of values Range of values Range of values 
0.0 to 0.121 0.0 to 0.033 0.011 to 0.209 
Highest: SWS PFK NHTC 
Lowest: KSK. CCB. CEC. BJC. JSW 
LRW PEK. SJS, BL WG 

Table 7.8: ReportlnllnteDslttes bued on employment P'Oap 

The high values produced would not be surprising as they would have the longest 
potential exposure time compared to other employment groups. The full-time workers 
produced the second widest range of values along with high individual reporting 
intensities. Monitor S WS produced a high reporting intensity value of 0.121. This is a 
surprise as it is much greater than other values in this group. the next nearest value 
being 0.081 (TSK). It is known however. that she worked from home 81 a child­
minder. and therefore. like the economically inactive group, would be at borne a great 
deal. 

It would be anticipated that part-time workers would produce higher intensities than 
full-time workers. due to the greater chance of their being at home and having longer 
potential exposure times. This was not the case. This group produced the hipest 
number of zero intensity values. six in all (monitors CCB. CEC, BJC, PEl{. SJS and 
BLWG). Examination of their other attributes showed that two of this group had 
health problems (BJC and PEK). Additionally. all but one monitor at Stewartby (SJS) 
lived at locations that were not as adversely affected by landfill odoun. Additionally, 
six of them were in age groups that produced lower reporting intensities. These 
factors could have influenced the levels of their exposure and response. 
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7.2.7 Individual monitors at settlements across the Manton Vale 
It was also decided to examine landfill odour reporting intensities for monitors at each 
settlement. These are shown in Table 7.9. 

8rogb' Cran' Kemp' Kemp Lidling Mar.M Stewar Wool' Woot 
Hk Or 

0.0 0.0 0.0 0.033 0.024 0.182 0.046 0.058 0.0 
0.085 0.209 0.033 0.013 0.023 0.169 0.0 0.031 

0.0 0.066 0.016 0.035 0.016 0.024 0.015 
0.024 0.0 0.0 0.011 

0.081 0.111 
Range Range Range Range Range One RaDle RaDle Raale 
0.0 to 0.0 to 0.0 to 0.013 0.023 value 0.0 to 0.0 to 0.0 to 
0.085 0.209 0.081 to to 0.182 0.169 0.058 0.031 

0.033 0.035 

Table 7.9: LaDdOn odour reportlDllateD.itles at each settlemeat 

It can be seen from the table that the settlements with the highest reporting intensity 
values arc Cranfield, Stewartby and Marston Moretaine. These areas have been 
identified as settlements with high intensity values (see Section 8.2). It is probable 
that proximity to the landfill sites is an influential factor in this pattern. Individual 
monitors at Brogborough, Cranfield, Kempston, Stcwartby, Wootton and Wootton 
Green reported values of zero. The settlements with the largest range of intensity 
values are Cranfield and Stewartby. These were settlements with 4 and S monitors 
respectively. and therefore. potentially. settlements where such a range may occur. 
However, as Cranfield and Stewartby were identified as potential blackspots. it is 
interesting that individual monitors such produce very high and zero intensity values. 
The two monitors at each settlement producing the highest values were both 
economically inactive and may have been at home more frequently and therefore 
more likely to be exposed to odour. In fact they were the only economically inactive 
monitors at each of these settlements. However, apart from that attribute. they differ 
markedly. The monitor at Cranfield, NHTC, being female, aged 18 to 3S. non-smoker 
and a new monitor. The monitor at Stewartby, KBS, being male aged 56+. a smoker 
and long-tenn monitor. 

The other monitors at these two settlements were a diverse group. At Cranfield, two 
of the other monitors. CEC and BJC were both part-time workers, a group with a low 
reporting intensity pattern. CEC was also a long-term monitor. a group with a lower 
intensity pattern. SJS, the one monitor at Stewartby producing the only zero intensity 
value was a long-term monitor who worked part-time. The settlements with the 
smallest range of values were Kempston Hardwick and Lidlington. At Kempston 
Hardwick, the monitors had certain attributes in common. Thcy were all female. all 
full time workers and all new monitors. Therefore it is not perhaps surprising that 
their intensity values were very similar, ranging from 0.013 to 0.033. At Lidlington, 
the monitors were a more diverse group. There were two females and a male, one 
long-term monitor and two new monitors. two 46 to 55 year olds and one 18 to 3S 
year old, and two full-time workers and one economically inactive monitor. It is 
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notable that the male monitor produced the highest intcnsity value. the fcmale values 
were almost the same (0.023 and 0.024). 

7.3 Attributes of the Individual and their Influence on odour perception 

In this scction, the di tTering attributes of monitors and their influence on exposure to 
odours are examined. The attributes include physiological attributcs (gender. age, 
health). lifestyle (cigarette smoking. working patterns) and psychological attributes 
(opinion of and length oftimc spcnt living in thc Marston Vale). As referred to in 
Section 7.1, thcse attributes were identified from the literature review and from the 
results of the pi lot study panel as influencing exposure and response to odour. 

In each sub-section. the results of l tests carried out on the numbers of reports made 
by attribute groups are also presented. These tests were undertaken to identify any 
significant ditTerences in the rcport rates and intensity between ditTerent groups of 
monitors. It should be stressed that in order to calculate the .,! values for the tests 
below, the number of reports made were used, not the reporting intensity values. The 
reporting intensity values. however. were used in the population framework 
developed in Chapter 10. 

7.3.1 Effects of lender 
Gender was identified in Section 2.2 as an attribute that may affect odour perception 
and it was noted in the pilot study that gender might have affected reporting patterns. 
Therefore it was identified as being located in the physiological component in Section 
4.2 and included in research objective 2 related to the influence physiological 
attributes could have on reporting patterns. The reports made by male and female 
monitors were analysed for any similarities and differences in the reporting pattern. 
There were 22 female monitors and 8 male monitors. There were no male monitors at 
Brogborough. Kempston Hardback or Marston Moretaine. The numbers of odour 
reports recorded are shown below in Table 7.10. 

Local odour Landfill Brickwork Agricultural Total reports 
odour odour odour 

Male 100 (490/.) 39 (19%) 50 (240/0) 17 (So/.) 206 (1000;.) 
Female 183 (31 0/0) 72 (12·/.) 16S (4S°;') 70(12%) 590 (1000;.) 

Table 7.10: Breakdown orreportJ by male aad female moalton 

The numbers of reports are also displayed graphically in Figure 7.3. 
It can be seen that the most frequently reported odour by male monitors wu that of 
local odours (49% of reports). Female monitors reported brickwork odours most 
frequently (45%). Landfill odour was the third most frequently reported odour by both 
males and females. 
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Figure 7.3: Breakdown of reports made by male and female monitors 

Number of monitoring All odour intensity Landfill odour intensity 
days value value 

Male 670 0.307 0.058 
Female 1758 0.336 0.041 

Table 7.11: Reporting intensity values for male and female monitors 

The intensity values of all odours and landfill odour were calculated for reports by 
males and females . These are shown in Table 7.1l. As can be seen from the table, 
female monitors have a slightly higher intensity value for all odour types, whilst male 
monitors have a higher intensity value for landfill odour. 

In order to identify if the differences observed in reporting patterns between males 
and females were significant, X2 tests were carried out using the number of reports 
made by each group recorded in Table 7.11 (not reporting intensity values). These 
tests involve calculating if there are significant differences between the observed 
number of reports and hypothetical or expected results. The calculations for "all 
odour" reports were as follows , 

Females 
Males 

Observed 
590 
206 

X2 = (590-581/ + (206-21522 
581 215 

X2 =0.14+0.38 
X2 = 0.52 
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The null hypothesis (H Il ) stated that there would be no significant difference in 
reporting patterns and the estimated values. The test for all odour types produced a X2 

value of 0.52. The critical value ofX2 at the 5% level of significance and with I 
degree of freedom, is 3.841. Therefore the Ho was accepted. The test for landfill 
odour, calculated as above, produced a value of3.7. As the critical value is 3.841, 
again the Ho, that there is no significant difference in reporting levels is accepted. The 
results of these tests indicate that there was no significant difference between the 
number of "all odour" and landfill odour reports made on the basis of gender. A 
working conclusion is that gender need not, by itself, be used to discriminate response 
to odour. It was anticipated from the literature that there would be a significant 
difference between reporting intensities for males and females. For the purpose of 
development of the response framework. it will be assumed that there is a difference 
in ability to discriminate odours on thc basis of gender. However this result may 
indicate that gender may not be as critical a factor in olfactory ability as some 
research suggests. In 2.2.4, reports suggested that gender did affect olfactory ability, 
but differed in suggestions of what the effects were. This variability in response 
together with the results observed in this research suggests that further research into 
gender and olfactory ability should be carried out to clarify if there are effects and 
what they are (see Section 11.4). 

7.3.2 Effects of monitor age 

Like gender, the age of monitors was identified as potentially influencing reporting 
patterns in the pilot panel study. Therefore. like gender. it is also included in the 
physiological component and is located in research objective 2. Volunteers taking part 
in the second, re-designed panel were asked to state to which age group they belonged 
on the pre-monitoring questionnaire (Question 5 see 6.4.2). The data from monitors 
were divided into the age groups outlined in Section 6.5. The numbers of monitors in 
each group were eight 18 to 35s. seven 36 to 4Ss. eleven 46-55s and four over 56 year 
olds respectively. The breakdown of the reports by each group is shown in Table 7.12 
and in Figure 7.4. 

Age group Local odour Landfill odour Brickwork Agricultural Total 
(years) odour odour 

18 to 35 101 43 118 14 176 
36 to 45 89 3 15 24 141 
46 to 55 64 26 122 12 124 

56+ 29 39 50 37 155 

Table 7.12: Breakdown of odour reports by ale IrouP 

The youngest age category produced the largest percentage of reports (34.60/0). The 
lowest number of reports was made by the 36 to 45 years age group (17.7%). This 
was despite the two groups having a similar number of monitors. 
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Figure 7.4: Breakdown of reports by age group 

x2 tests were carried out to identify if there were significant differences between 
observed and expected reporting levels for the different age groups. The reporting 
totals shown in Table 7.12 were used. 
• The critical value of X2 at the 5% level of significance with 3 degrees of freedom 

is 7.812. 
• The Ho states that there is no significant difference between the observed and 

expected number of reports. 
• The calculated X2 value for all odour reports is 69.8, which means the Ho is 

rejected. 
• Similarly, the calculated X2 value for landfill odours is 51.6, meaning that the Ho 

is again rejected. 
This means that, as there is a significant difference between the observed and 
expected values, age would appear to be a significant factor in influencing response to 
odours. 

The reporting intensity values were calculated for each age group for all odours and 
landfill odour. These are shown below in Table 7.l3, 

Age group Reporting days Number of All odour Landfill odour 
reports intensity intensity 

18 to 35 655 276 0.42 0.07 
36 to 45 539 141 0.26 0.005 
46-55 894 224 0.25 0.03 
56+ 340 155 0.46 0.11 

Table 7.13: Reporting intensities for the different age groups 
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The reporting intensities show that the oldest age group, the 56 years plus group has 
the highest reporting intensity value. The youngest group, the 18 to 35 produced the 
next highest reporting intensity value. The other two groups, the 36 to 45 and the 46 
to 55 have very similar reporting intensity values for both overall odour, but landfill 
odour reporting intensities were not. 

7.3.3 Effects of health 

The state of the health of individuals was identified in Section 2.2 as affecting 
olfactory ability. Like gender and age, therefore. health is located in the physiological 
component and research objective 2. Unlike age and gender, whether the health of 
monitors influenced reporting patterns in the data from the pilot panel is unknown. 
The monitors for the pilot panel had not stated whether they suffered with health 
problems. Therefore a question relating to health was included on the questionnaire 
completed by volunteers joined the redesigned panel developed for this research 
(Question number 6 - see 6.4.2). There were four monitors who stated that they had 
health problems that may affect their sense of smell. One had allergies, another had 
asthma and two stated that they suffered from hayfever. The numbers ofrcports 
between the group of monitors with health problems and those without were 
compared as above. The breakdown of the reports is shown in Table 7.14. 

Health group Local odours Landfill Brickwork Agricultural Total 
odours odours odours 

No health 259 107 298 75 739 
problems 

Health 24 4 17 l% 57 
problems 

Table 7.14: Breakdown of reports on tbe basis of bealtb problellll, wblcb may 
affect tbe sense of smell 

Statistical testing suggested that there was a significant difference in reporting levels 
between the two groups, both with overall odour reports. Testing for the significance 
level of landfill odour reports could not be carried out as there were less than S reports 
in the monitors with health problems category. 
• The Ho stated that there would be no difference between the observed and 

expected values. 
• The critical value of "I: with 1 degree of freedom at S% significance is 3.841. 
• The -J! value calculated for all odour reports was 23.7. The Ho. is rejected. 

Care must be taken when examining the results from the health problem group. u it is 
very small. consisting only of four individuals. This is despite grouping all the 
monitors together and despite the differences there may be in their medical 
conditions. 

These data are also displayed graphically in Figure 7.S below. 
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Figure 7.5: Breakdown of reports by monitors with or without health problems 
which may affect the sense of smell 

The reporting intensities were calculated for the two groups are shown in Table 7.15. 

Health Reporting Total reporting Landfill Landfill 
Group days reports intensity reports intensity 

No health 2102 739 0.35 107 0.05 
problems 
Health 326 57 0.17 4 0.01 
problems 

Table 7.15: Reporting intensities for monitors with and without health problems 
that may affect the sense of smell 

The reporting intensities for both groups were markedly different for both odour 
groups. The healthy group had higher intensity values for both odour types, meaning 
they have a higher level of exposure to odour than the group with health problems. 
Therefore, the group that suggested they may have problems with their sense of smell 
is less likely to detect all the odours they are exposed to unlike their neighbours with 
no such problem. 

7.3.4 Effects of cigarette smoking 

In Section 2.2, cigarette smoking was cited as a behaviour that may affect olfactory 
ability. Unlike the physiological attributes, such as age or gender, it is located in the 
lifestyle component and therefore relates to research objective 2. This question asked 
if factors relating to lifestyle would influence exposure and response to odour. In the 
pilot study, monitors were not asked about their smoking habits and exposure to 
cigarette smoke and therefore it was unknown if this was a factor affecting the 
reporting patterns of monitors. Questions on smoking were included in the pre-
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monitoring questionnaire (Questions I to 4 - see 6.4.2). The monitors were asked if 
they smoked, had smoked in the past or were exposed to cigarette smoke at home or 
at work. The monitors were divided into several groups as follows. These were 
smokers, non-smokers, fonner smokers and passive smokers (people exposed to 
smoking at home or at work). There were 3 smokers, IS non-smokers. 6 fonner 
smokers and 6 passive smokers. The breakdown of the reports they made is shown 
below in Table 7.16. The data are also displayed graphically in Figure 7.6. The 
reporting intensities were calculated for each group and are shown in Table 7.17. 

Local odours Landfill Brickwork Agricultural Total 
odours odour odour 

Smoker 22 31 69 24 146 
Non smoker 95 45 102 39 281 

Fonner 66 9 32 18 125 
smoker 
Passive 100 26 III 6 244 
smoker 

Table 7.16: Breakdown of reports by smoken, Don-smokeR, former smoken 
and passive smoken 

Statistical tests for significance between the reporting patterns of the different groups 
for all odours and landfill odour were carried out. 
• The Ho stated that there would be no difTerence between the observed and 

expected number of reports. 
• The critical value for '1: with 3 degrees of freedom at S% significance is 7.81. 
• The '1: value for all odour reports was 141.9 and 47.3 for landfill odour. 
• The Ho was rejected. 

It can be seen that the reporting intensities for smokers and passive smokcn are 
highest for both overall odours and landfill odours. This is surprising considering 
there are some references in the literature to individuals having reduced sensitivity to 
odour if they smoke. However it should be noted that the smoking group consisted 
only of three people. all of whom lived in areas strongly associated with odour 
impact. namely Kempston Hardwick. Marston Moretaine and Stcwartby. It may be 
possible that other factors afTecting exposure were also operating in this group. For 
example on ofthe monitors fell into the economically inactive grouP. another into the 
part-time working group. 80th of these groups produced higher reporting intensity 
values. The group being so small was undesirable and more smokcn in the panel 
would have been useful. particularly if they lived in other parts of the Vale. 
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Figure 7.6: Breakdown of reports by different smoking or non-smoking 
categories 

Reporting total reports total landfill landfill 
days reporting odour odour 

intensity reports intensity 
Smokers 248 146 0.59 31 0.13 

Non- 1152 281 0.24 45 0.04 
smokers 
Passive 483 244 0.5 26 0.05 
smokers 
Former 545 125 0.23 9 0.02 
smokers 

Table 7.17: Reporting intensities for different smoking or non-smoking groups 

7.3.5. Effects of working patterns 
The results from the data analysis from the pilot study revealed peak times for odour 
reports, at 8am, 3pm and 7pm. In Section 5.2, it was proposed that such patterns may 
emerge due to working patterns, an attribute associated with lifestyle that is when 
individuals leave or return home. In order to find out if this was the case, monitors 
were asked in the pre-monitoring questionnaire what their working patterns were 
(Question 7 - see 6.4.2). The monitors were divided into three groups. These were 
full-time workers (14 monitors), part-time workers (8 monitors) and the economically 
inactive, namely housewives, carers and retired people (8 monitors). The breakdown 
of their reports is shown in Table 7.18. These data are also displayed graphically 
below in Figure 7.7. 
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Local odour Landfill Brickwork Agricultural Total 
odour odour odour 

Full-time 164 39 202 24 429 
Part-time 38 5 40 19 102 

Economically 81 67 73 44 265 
Inactive 

Table 7.18: Breakdown of reports by employment pattern 

The largest category of reports made by full-time workers was that of brickwork 
odour (47%). This pattern may arise due to four full-time workers producing high 
levels of brickwork odour reports as they lived in close proximity to brickwork sites at 
Kempston Hardwick and Stewartby. Brickwork odour was the largest category 
produced by part-time workers (40%) and local odours were most frequently reported 
by the economically inactive category (30%). 
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Figure 7.7: Breakdown of reports by employment category 

The reporting intensities are shown below in Table 7.19. 

Reporting Total odour Reporting Landfill Landfill 
days reports intensity reports intensity 

Full-time 1052 428 0.41 39 0.04 
Part-time 719 102 0.14 5 0.007 

Economic. 657 266 0.40 67 0.10 
Inactive 

Table 7.19: Reporting intensities for different employment groups 
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Statistical testing revealed that there were significant differences between reporting 
levels between the different groups for all odours and landfill odour. 
• The critical value of X2 with 2 degrees of freedom at 5% significance is 5.99. 
• The calculated value for all odours was 79.45 and 72.95 for landfill odour. 
• The Ho, that there was no significant difference in observed and expected reports, 

is rejected. 

The economically inactive group produced the highest reporting intensity for landfill 
odours. Full-time workers produced a slightly higher value for overall odours. This is 
surprising as it would be expected that they are away from home for longer periods 
during the day and therefore be less likely to experience odours. 

7.3.6 Effects of opinion of the Marston Vale 
Response to odour is recognised as being not only a physiological process, but also a 
psychological one. In order to identify if reporting patterns may be influenced by the 
individual's opinion of the odour source or their locale, monitors were asked to state 
three things they liked and disliked about their local area (Questions 13 and 14· see 
6.4.2). Three types of answer were examined. Firstly, if monitors referred to the 
landfill, secondly, if they referred to odour or thirdly, if they referred to the 
environment in any way. This third category of answer was a large group consisting 
of answers relating to litter, traffic, industry, lighting as well as odours or landfill. 

Thirteen monitors referred to the landfill as an undesirable feature of the Vale. The 
patterns of reports for both groups are shown below in Table 7.20 and reporting 
intensities are shown in Table 7.21. 

Local odour Landfill Brickwork Agricultural Total 
odour odour odour 

Monitors 98 41 113 11 174 
referring to 

Landfill 
Monitors not 185 70 101 65 511 
referring to 

Landfill 

Table 7.20: Reporting pattern of moniton referrinl to 'aadDII u detrimental to 
tbelr local environment 

For both groups of monitors, brickwork odour was most commonly reported. The 
percentage of the reports was around 40% for each group. Landfill odour wu the 
third most common category of odour reported. Again the percentages were similar, 
being 15% of reports by monitors who referred to landfill and 13.5% by those who 
did not. 

• The critical value of '1..
2 at 5% significance with 1 degree of freedom is 3.841. 

• The He, for both tests was there is no significant difference between observed and 
expected report numbers. 
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• The X: value calculated for "all reports" made by monitors referring to landfill 
was 21.0. This means that there is a signi ficant di fferencc between the two groups. 

• The X2 value calculated for landfil1 odour reports was 1.80. The Ho• that there is 
no significant difference between reporting levels of both groups is accepted. 

As can be seen from Table 7.21. the reporting intensity of monitors who referred to 
the landfill is lower than those who did not. Therefore it appears that disliking the 
landfil1 does not appear to influence the rate of reporting landfill odour. but results in 
greater sensitivity to odour general1y. 

Reporting Total Reporting Landfill Landfill 
days reports intensity reports intensity 

Monitors 1045 274 0.26 41 0.04 
referring to 

landfill 
Monitors 1383 522 0.38 70 0.05 

not 
referring to 

landfill 

Table 7.21: Reporting intensities based on attitude to landOU 

The next category examined the reporting intensities of monitors who referred to 
odours as something they disliked about the Vale. Seven monitors made specific 
reference to odour as being detrimental to the area. The breakdown of reports is 
shown in Table 7.22 and the reporting intensities of the two groups arc shown in 
Table 7.23. 

Local odour Landfill Brickwork Agricultural Total 
odour odour odour reports 

Monitors 38 27 121 8 194 
referring to 

odour 
Monitors 245 84 194 79 602 

not 
referring to 

odour 

Table 7.22: Reporting pattern or moniton rererrinl to odoar .. detrlmealal to 
tbe environ meat 

The largest number of reports by monitors who referred to odour is in the brickwork 
category; the monitors not referring to odour produced more reports in the local odour 
category. Landfill odour was again the third largest category. All but one of the JI'OUP 
of monitors who referred to odour as being detrimental to their environment lived in 
settlements with high levels of odour reports. These were Kempston Hardwick, 
Stewartby and Kempston. Therefore it is not swprising perhaps that these moniton 
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considered odour to be of some importance. The one other monitor in this group lived 
in Wootton. 

Reporting Total Reporting Landfill Landfill 
days reports intensity reports intensity 

Monitors 586 194 0.33 27 0.05 
referring to 

odour 
Monitors 1842 602 0.33 84 0.05 

not 
referring to 

odour 

Table 7.23: Reporting intensities based on attitude to environmental odoun 

When the reporting intensities are examined, the values are the same between the two 
groups. Statistical results indicated a similar pattern. 
• The critical value ofX2 at 5% significance with I degree of freedom is 3.841. 
• The i value calculated for all odours was 0.9 and 0.17 for landfill odour. 
• This indicates that there was no significant difference between reporting patterns 

of monitors referring to odour for all odours and landfill odour. 
Therefore it could be argued that a monitor having a dislike of odour in the 
environment would not necessarily affect reporting behaviour. 

The final category examined was that of monitors referring to features in the general 
environment that they did not like. Twenty-five monitors fell into this category. The 
breakdown of reports of the two categories is shown in Table 7.24 and their reporting 
intensities are shown in Table 7.25. 

The largest odour category amongst people expressing dissatisfaction with their 
environment was that of brickwork odour (44%). This group consisted ofmoniton 
from every settlement in the Vale. The other group produced higher levels of local 
odour reports (54%). They were reporting from Kempston (3 moniton). Cranfield (2 
monitors) and Lidlington (I monitor). This was interesting as, certainly, Cranfield is a 
location with a higher level of reports than most settlements. 

Local odour Landfill Brickwork Agricultural Total 
odour odour odour reports 

Monitors 221 84 300 77 682 
referring to 
envimmt 
Monitors 62 27 15 10 114 

not 
referring to 
envimmt 

Table 7.14: Breakdown or reports or monlton rererriDl to cUuadl'aedoll wItIa 
tbe environment 
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Reporting Total Reporting Landfill Landfill 
days reports intensity reports intensity 

Monitors 2004 682 0.34 84 0.04 
referring to 
envimmt 
Monitors 424 114 0.27 27 0.06 

not 
referring to 
envimmt 

Table 7.25: Reporting intensities based on attitude to tbe environment 

Whilst monitors who referred to the environment produced a higher reporting 
intensity than those who did not, landfill reporting intensity was highest amongst 
monitors not referring to the environment. Statistical testing of the reporting patterns 
was undertaken. 
• The critical value ofX2 at 5% significance with I degree of freedom is 3.841. 
• The Ho was rejected and there was no significant difference in reporting levels. 
• The X2 value calculated for all odour reports was 3.3. 
• A value of 4.06 was calculated for landfill odour reports. meaning that there was a 

significant difference in reporting levels between the two groups. 
It would appear that awareness of the general environment results in individuals 
making higher levels of landfill odour reports. 

7.3.7 Effect of lengtb of time monltorlnl 
The discussion in Section 2.3 involved examining how experience and judgment 
could affect the response to odour pollution as part of an individual's appreciative 
system. Punter (1987) also described how monitors could suffer from monitoring 
fatigue and tend to under-report odours as a result. It was decided to identify if 
reporting patterns differed between long-tenn monitors. who had monitored for the 
pilot study and who wished to continue monitoring, and new monitors who had joined 
the re-designed panel. There were 10 monitors who had been monitoring before the 
three months monitoring period and twenty who had started monitoring at that time. 
The breakdown of the reports is shown in Table 7.26 and reporting intensities of the 
two groups are shown in Table 7.27. 

Local odour Landfill Brickwork Agricultural Total 
odour odour odour reports 

Long-term 31 25 59 9 124 
monitors 

Short-term 252 86 256 78 672 
monitors 

Table 7.26: Breakdown of reports by Ion I-term aad Illort-term moalton 

For both groups of monitors, brickwork odour was most frcquendy reported, followed 
by local odours. However, the level of reporting was markedly higher for new 
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monitors rather than the long-term monitors. This is i lIustrated by the reporting 
intensity values in Table 7.27. 

Reporting Total Reporting Landfill Landfill 
days reports intensity reports intensity 

Long-term 792 124 0.16 25 0.03 
monitors 

New 1636 672 0.41 86 0.05 
monitors 

Table 7.27: Reporting intensities of long-term and new monlton 

The reporting intensities of the new monitors for all odours and for landfill odours 
were higher. Statistical testing for significant differences in reporting levels was 
undertaken. 
• The critical value of·J! with I degree of freedom at 5% significance is 3.S41. 
• The calculated value for all odour reports was 100 and for landfill odour, 5.S. 
• This resulted in rejection of the Ho for both tests, meaning that there were 

significant differences between the two groups. 

The difference may arise from loss of motivation with prolonged monitoring or from 
long-term monitors using their judgment about whether or not to report an odour. 
Whatever the cause, questions are raised about how long monitors should be retained 
if they do not report all odours. This may have implications for the management of 
monitoring panels. Use of monitoring panels may involve reviewing reporting 
patterns of monitors at regular intervals, for example every six months or a year in 
order to assess if loss of motivation occurs. New monitors should be allowed to settle 
into the routine of monitoring if they are likely to over report odours. It was 
noticeable that the numbers of reports made by new monitors did fall slightly during 
the monitoring period, possibly for the reasons mentioned above. 

7.3.8 Effect of length of time living in tbe V lie 

As with the influence of the length of time spent monitoring. it was hoped to identifY 
how the length of time a monitor had lived in the Marston Vale would influence 
reporting patterns. On the pre-monitoring questionnaire, moniton were ukeel to state 
how long they had lived in the area (Question 12 - see 6.4.2). The length of time spent 
living in the area was seen as contributing to the monitors' experience of the area and 
their appreciative system. The monitors had lived in the Vale for periods varyina 
between less than I year to 50 years. The monitors were split into groups on the bail 
of the length of time they had been in the Vale. The groupings were up to S years (9 
monitors), 6 to 10 years (6 monitors), 11 to 20 years (7 monitors) and over 21 yean (S 
monitors). The reporting intensities of the different groups are shown in Table 7.28. 

There is no clear pattern that emerges from the values in Table 7.2S. The overall 
reporting intensity values are highest for the 0-5 year group and are loweat for the 11-
20 year group. ~e values for the 0-5 year and 20+ year groups are similar consiatent 
for landfill odour as are the 6-10 year and 11-20 year groups. 
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Length of Reporting Total Reporting Landfill Landfill 
time in Vale days reports intensity reports intensity 

0-5 years 764 402 0.53 42 0.05 
6-10 years 419 151 0.36 13 0.03 
11-20 years 590 56 0.1 11 0.02 
21+ years 655 187 0.28 45 0.07 

Table 7.28: Reporting intensity values calculated on tbe basis of leDltb oftlme 
lived in the Marston Vale 

Statistical tests to identify significant differences in reporting levels were carried out. 
• The critical value ofx.2 at 3 degrees of freedom at 5% significance is 7.81. 
• The calculated x.2 value for all odour reports was 202.1 and for landfill odour 

reports was 21.4. 
• The Ho for both tests was rejected. 
• This indicated that there were significant differences between the groups of people 

living different lengths of time in the Marston Vale. 

Whether this occurs through adaption or habituation of exposure to odour, or 
increased indifference over time is not clear. It would be perhaps not unreasonable for 
individuals new to an area to be more sensitive to features, such as odour. which long­
term residents take for granted. However, when examining aspects of the Marston 
Vale which were disliked in the questionnaire, the 10 long-tenn monitors referred to 
odours five times, the 20 new monitors referred to odours 4 times. This similarity 
indicates that, in the Marston Vale at least, the local populace may not "get used to" 
odours. However, the response of individuals may vary as a consequence of the length 
of time they have lived in a particular area that experiences odour pollution. As with 
the length of time spent monitoring (see 7.3.7), management ofan odour monitoring 
panel may involve assessment of reporting behaviour who have lived in the area for 
differing lengths of time. This may involve removing people from the panel if their 
behaviour is out of step with other monitors due to the length of time they have lived 
in a particular area. 

7.3.9 Effect of lifestyle 
Monitors were asked when completing their reports, to state where they were or what 
they were doing. The results are shown in Figure 7.8. 

It will be recalled from Chapter 6, that monitors were instructed to sniff the air at 
home at a set time, 8.00am, every day. They were also asked to record odours they 
detected at any other time, either at home or elsewhere. It can be seen from the figure 
that monitors detected odour most frequently when actively monitoring for odours. It 
could be argued from this that monitors are most likely to detect odours if they are 
actively sniffing for them. After the monitoring category. odours were most 
frequently detected when monitors were driving. in their garden or were outside. It is 
notable that only a small proportion of the reports (18 or 2% of reports) wu made 
when monitors were indoors. This would suggest that monitors are most likely to 
detect odours when outside. Therefore individuals who are outside most frequently, 
for example working out of doors, may be more likely to experience odour nuisance 

129 



than others who spend more time indoors. This may appear logical at first sight. 
However, the behaviour of individuals and their being indoors or outdoors is not often 
taken into account when studies into odour impact are undertaken. 

Monitoring 

Dri 1.1 ng 

Garden 

c: Walking 
.2 

Working outside ~ 
CJ 
0 Inside house ...J ... 
0 Not stated 
~ 
:~ Cycling 
ti 

Doorstep < 
Shopping 

Waiting for bus 

school playground 

0 50 100 150 200 250 300 350 400 450 500 

Number of reports 

Figure 7.8: Activity or location of monitors at the time of their report 

These results have implications both for research design and the wider area of 
assessment of odour impact on amenity. The use of monitor panels, must take into 
account the life-style of individuals if the impact of odour is to be fully understood. 
This would include the amount of time individuals are indoors or outside, when they 
are at home and for how long. This may entail the use of more detailed reports on the 
location and activity of monitors, for example, always asking if they are indoors or 
outside and more details of their activity. Account must be taken of the seasonal 
effects of lifestyle, for example, is nuisance most likely in the summer, when 
individuals are more likely to be outside or at least have windows open. Individuals 
who work outside may be more likely to be exposed, so monitors should be asked for 
more details about what their jobs entail. Similarly, the effects of seasonality and 
lifestyle may have to be taken into account in impact on amenity studies 

7.4 Summary 

The results from the examination of the monitors ' reports are summarised below. 
• The reports made by individual monitors showed little similarity with other 

monitors and varied substantially. 
• Female monitors reported all odours more frequently, but males reported landfill 

odour more often. Statistical testing revealed these results were not significant with 
the sample in this research, but for the purpose of generating the response 
framework, gender will still be used simply to demonstrate how the framework is 
developed. It was anticipated from the literature that gender would have influenced 
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reporting levels. That this was not the case raises the issue of further research into 
the effects of gender on olfactory ability. If it docs not have any affect then gender 
would be excluded from any potential response framework or future model or 
given very little weighting. 

• The oldest and youngest monitors reported both overall odours and landfill odours 
more frequently. 

• Monitors who stated they had health problems produced markedly fewer reports of 
all odours than those who did not have such problems. 

• Smokers produced higher reporting intensities for all odours than non-smokers, 
passive smokers and former smokers. 

• When examining employment patterns, full-time workers and economically 
inactive people produced higher intensities for all odours than part-time workers. 
Economically inactive people produced the highest intensities for landfill odour 
reports. 

• The length of time monitors lived in the Marston Vale showed statistically 
significant differences in the levels of reports and reporting intensities produced. 

• The opinion of the monitors to the landfill did not affect the numbers of landfill 
odour reports made, but did affect numbers of all odour reports. Monitors referring 
to odours were not more likely to make reports of any odour than those who did 
not. Monitors referring to the environment did not report all odours at differing 
levels to those not referring to the environment, but the number of landfill odour 
reports were significantly different. It is possible that concern about the local 
environment may have been a factor in monitors volunteering for the project. 
Three out of the four monitors who completed the post-monitoring questionnaire 
stated that such concerns were the reason behind volunteering. This may have 
implications for panel design. It may be necessary to conduct an attitudinal survey 
prior to monitoring, and certainly, enquire into monitors' opinions of the odour 
source and their neighbourhood, as they may have some form of personal agenda 
which affects their monitoring behaviour. 

• The length of the time spent monitoring can influence the frequency ofreporta. 
New monitors produced markedly higher reporting intensities for all odours and 
landfill odours than long-term monitors. 

It has become apparent that examining each factor in isolation from the rest is not a 
satisfactory approach to assessing the impact of odour in the community. Each 
monitor falls into different groups, male/female, older/younger, smoker/non-smoker 
and so on. Therefore each monitor has a variety of qualities that operate toaether at 
anyone time, influencing odour perception. Some qualities may chanae with time, for 
example age, working patterns and health. It must be established how these atUibutea 
combine together to affect a monitor's reporting pattern in order to understand the 
impact of odour pollution. It is not simply a matter of attemptilll to quantifY the 
quantity and quality of an odour at a given location from a source. It il important to 
have an understanding of the nature of the person perceiving. With this understanding 
of the qualities of the individual and their interaction with the environment, it should 
be possible to gain a more complete understanding of odour impact. 

One of the conclusions from this thesis is that some form of multi-attribute analysis 
should be applied to further studies of this type. For the purposes of developing the 
framework as a whole in this research, the most significant sources of variability will 
be retained, but with some reservations. 
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Chapter 8 

Reporti ng patterns across the Marston Vale 

8.1 Introduction 

In Chapter 7, the reporting patterns on the levels of individual and groups of monitors 
were examined. This chapter examines the overall impact of odour pollution in the 
Marston Vale on the basis of location (research objective 3). This fonns the second 
stage of the development of the response framework. As discussed elsewhere in the 
thesis, spatial and temporal factors have been identified as affecting landfill odour 
pollution. In this chapter, the monitors' reports were broken down by location and the 
time they were recorded. This activity was undertaken, as with the groupings of 
monitors in Section 7.3, as illustrating the process of developing the framework. As 
with the data analysis carried out on the basis of individuals and groups. There were 
some difficulties encountered with assessment of the results on the basis oflocation. 
Notable examples are the presence of only one monitor at Manton Moretaine and the 
reliance on her reports, or there only being female monitors at 8rogborough and 
Kempston Hardwick. As shall be seen, whilst they provide some insight into odour 
impact at those locations, there are constraints placed on the framework. such as the 
inability to estimate odour reporting intensities for males at 8rogborough for example. 
Such a framework could be developed to be able to estimate reporting intensities at 
different locations. It could therefore be used within the context of the larger model 
illustrated in Figure 1.2, as it pertains to the highlighted area of that figure. Section 
8.2 examines the pattern of results observed between April and July 1997 for all 
odour types and specifically landfill odour. Where necessary the results are compared 
to earlier reports (from the pilot panel, 1994 to 1997) and complaints. Section 8.3 
concludes this chapter by discussing the implications of observed reporting pattcma. 

8.2 The overall pattern of results 

It will be remembered from Sections 1.6 and 4.2 that the third research objective 
asked how spatial and temporal factors might affect exposure levell. Again the data 
from the pilot panel study indicated that there were certain settlements that 
experienced a higher frequency of particular odours. This section examines the overall 
results obtained during the monitoring period for all reports of odour and specifically 
landfill odours. It includes details of the numbers of reports made. the number of 
reports at each monitor location and the times and duration of the reports. The section 
is divided into two sub-sections, 8.2.1 that includes infonnation of overall odour 
impact and 8.2.2 that examines landfill odour impact in particular. For ease of 
reference, a map of the Marston Vale is shown in Figure 8.1. 
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Monitor locations 

Figure 8.1: Map of the Marston Vale 
Reproduced from the 1994 Ordinance Survey Landranger 1 :50000 Map with the permission of the 
Controller of Her Majesty 's Stationary Office, © Crown Copyright ED/96A 
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8.2.1 Overall odour impact in tbe Marston Vale April to July 1997 

There were 796 reports of odour made during the three months monitoring period. 
Brickwork odour reports formed the greater number of reports with 315 incidents 
(39%) reported. This group was the most commonly reported odour type across all 
monitor groups. There were 283 local odour reports (35.5%). This large number may 
arise from the local category being a 'catch-all' for all other odour types other than 
those specified. There were III landfill odour reports (13.9%) and 87 agricultural 
odour reports (l0.9%). This reporting pattern contrasts with the results from the pilot 
panel summarised in Table 5.2. The pilot study showed that landfill odours were most 
frequently reported (34%), followed by brickwork and local odours (27%) and 
agricultural odours (12%). Why this difference should occur is not clear, but there 
may be some possible explanations. The size of the panels were different, 19 in the 
pilot study and 30 in the redesigned panel. The distribution of the monitors was 
different; for example there were two monitors at Marston in the pilot study, one in 
the later study. Considering how impact may vary according to location, the 
distribution of monitors could affect the overall number of reports. 

The different settlements where monitors were located produced varying levels of 
reports. These are summarised in Table 8.1. 

The locations with the highest number of reports were Stewartby (177 reports or 
22%), Kempston Hardwick (123 or 15%) and Cranfield (119 or 15%). The locations 
with the lowest number of reports were Lidlington (50 reports or 6%) and 
Brogborough (36 reports or 4%). The highest numbers of landfill odour reports were 
at Stewartby (30 reports or 17%) and Cranfield (22 reports or 18%). The lowest 
numbers of landfill odour reports were at Kempston Hardwick (5 reports or 4%) and 
Wootton Green (4 reports or 5%). 

Location Local odour Land fi II odour Brickwork odour Agricultural odour 
Brogborough 22 (61%) 7 (19%) 2 (5·1.) 5 (14-1.) 

Cranfield 58 (49%) 22 (18%) 19 (16%) 20 (17-1.) 
Kempston 19 (260/0) 12 (16%) 38 (52-;.) 4 (5-/_) 

Kempston H. 30 (24%) 5(4%) 84 (68-;.) 4 (3V_) 
Lidlington 31 (620/0) 7 (14%) 5 (10·/.) 7(14%) 

Marston M. 10 (13%) 16 (20%) 28 (36·/.) 24 (3IV.) 
Stewartby 36 (200/0) 30 (17010) 102 (58-;.) 9~ 
Wootton 27 (41 0/0) 8 (120/.) 20 (30·/.) 11 (17%) 

Wootton Gr. 50 (670/0) 4 (501.) 17 (23·/.) 3(4~ 

Table 8.1: Breakdown of different odour types.t moaltor Iocadoa. 

It may be pointed out that it would not be feasible to assess the range of impact of 
most of these odour sources for the following reasons. The local and agricultural 
odours could not be examined as their sources are not known. It will be remembered 
that the local sources category included all odours not applicable to the other odour 
categories. It therefore included odours from domestic sources. such as prden 
bonfires, as well as commercial or industrial sources, such as garages. restaurants or 
traffic. In order for dispersion modeling to be undertaken the actual source and ita 
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location would have to be given. The nature and location of agricultural odour sources 
would also have to be specified. The landfill odours could not be easily assessed for 
reasons referred to earlier in the thesis (see Sections 3.3 and 4.3). The only source that 
could be assessed with some certainty would be the brickworks. This particular odour 
source is easily identified having clear emission points. Technically, it would be 
straightforward to obtain emissions data, such as times of firing, quantities of bricks 
fired, quantities of pollutants such as smoke and sulphur dioxide released, and rate of 
emission from the stacks. 

As mentioned above, examination of the numbers of reports showed that the villages 
of Cranfield, Kempston Hardwick and Stewartby were the locations that produced the 
greater number of reports (119, 123 and 177 reports respectively). The mean numbers 
of reports per monitor were highest at Marston Moretaine, Kempston Hardwick and 
Stewartby (78,41 and 35.4 reports respectively). However, as mentioned above, the 
mean number of reports does not reflect the extent of the impact of odour in tenns of 
frequency of events. 

Location Total number of Mean number of Reporting Intensity 
reports reports value 

Brogborough 36 18 0.2S 
Cranfield 119 29.8 0.33 
Kempston 73 14.6 0.22 

Kempston Hk. 123 41 0.S3 
Lidlington 50 16.6 0.20 

MarstonM. 78 78 0.89 
Stewartby 177 35.4 0.43 
Wootton 66 16.5 0.20 

Wootton Green 74 24.6 0.34 

Table 8.2: Total number of reports; mean number of reports aDd reportlal 
intensities for monitor locations. 

It also does not enable ease of comparison between locations where there are different 
numbers of monitors. When comparing the intensity values, it is apparent that the 
frequency of odour events is highest at Marston Moretaine, Kempston Hardwick and 
Stewartby. This is the same pattern as revealed by the mean number of reports. 
However, when the reporting intensity values for other settlements are examin~ the 
two sets of values differ. For example, the settlement with the lowest mean number of 
reports is Kempston, yet the settlement with the lowest reporting intensity value is 
Wootton. 

It is arguable on the basis of reporting intensities, that the settlements with the greatest 
extent of odour pollution are Marston Moretaine, Kempston Hardwick and Stewartby. 
Those with the least are Wootton, Lidlington and Kempston. 

The numbers of overall odour reports and landfill odour reports were plotted apinst 
the date to identify any trends in the numbers of reports made over the monitorina 
period. The graph is shown in Figure 8.2. 
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Figure 8.2 shows the number of reports and a linear regression line for the total 
reports and landfill reports . As can be seen, there is a marked decline in the number of 
all odour reports over the monitoring period. There is a less marked decline in the 
numbers of reports of landfill odour. The regression lines themselves carried no 
weight statistically, and are included here only to illustrate the trend in reporting 
levels and as a demonstration that such analyses could be carried out in another study. 

20 

18 

16 

{! 14 
0 

12 ~ Total Reports c. 
Q) _ Landfill reports ... - 10 0 

Cii 
- Linear (Total Reports) 

.c 8 - Linear (Landfill reports) E 
::J 6 z 

4 

2 

Day number 

Figure 8.2: Trends in odour reports over the three month monitoring period 

There are possible explanations for this pattern. Firstly, the influence of new monitors 
on reporting levels. Two-thirds of the panel was made up of new monitors who did 
produce higher levels of reports (see 7.3 .7). As their initial enthusiasm or motivation 
wore off or as their experience as a monitor increased, they produced fewer reports, 
which had an effect on overall levels. 

The prevailing weather conditions during this period may also have affected reporting 
patterns. For example, as mentioned in Section 4.4, it is known that if there is a 
temperature gradient between a warm waste mass and cooler air above, that thermally 
induced diffusion of volatile compounds can occur. Therefore as the weather warms, 
it would be anticipated that odour emissions would be more likely to occur. Baker and 
MacKay (1985) also discuss how landfill emissions may be higher in August than 
March, as there will be higher waste temperatures. Similarly, higher wind speeds may 
lead to more effective emission of odour causing compounds, as it would facilitate 
speedier evaporation from the waste surface. 

When examining complaints data from Brogborough landfill site, there does not . 
appear to be a clear picture of seasonal effects on odour impact. Searle (1994) in his 
report on odour problems at Brogborough provided a breakdown of complaints made 
between February 1993 and March 1994. The numbers of complaints are shown in 
Table 8.3. 
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The level of complaints varies throughout the year. but a peak period for complaints is 
from March to June. There is a peak in April (28 complaints) before complaints fall 
back in May and June (18 and 19 reports respectively) and then another fall in July 
occurs. There is a more confused picture from complaints data in the report by Van 
HarreveJd (1997). These data were also collected from Brogborough over the period 
1994 to 1996, broken down into quarters and is shown in Table 8.4. The fint 
impression is that the number of complaints fell markedly from the previous year. The 
second impression is that the level of complaints does not fluctuate greatly during the 
course of the year, with marginally higher levels of complaints made in the fint and 
fourth quarters. There is no peak occurring in the spring and early summer. A peak 
during the summer would be anticipated if elevated levels of odour emissions were 
released from the landfill due to conditions prevailing within the landfill site and the 
climate (see Section 4.4). This would indicate that odour impact can occur throughout 
the year and an odour monitoring panel would have to operate on a daily basis. all 
year round, and not just in periods which may be identified as those which may 
potentially lead to greater odour impact. 

Month All landfill odour complaints Landfill gas complaints 
February 1993 9 9 

March 25 20 
April 28 23 
May 18 IJ 
June 19 15 
July 2 2 

August 1 0 
September 4 2 

October 5 5 
November 8 8 
December 4 4 

January 1994 11 0 
February 0 0 
March I I 

Table 8.3: ComplalDb made to Broaboroulb La.dftlll993194 

1st quarter 2- quarter 3"" quarter 4'" quarter 
1994 5 2 6 12 
1995 6 8 2 2 
1996 5 3 5 5 
Total 16 IJ 13 19 

Table 8.4: Odour complalD" made to Broaboroulb ladRlII994 to 1996 

The data in Table 8.4 are also shown in Figure 8.3. 

137 



14 
J!l 12 -£: 
C1I 

Co 10 -
E 8 -0 
0 ... 6 -0 ... 
<II 4 -
J:l 

E 2 -
~ 
£: o -

1 quarter 2 quarter 3 quarter 4 quarter 

quarter 

-+-1994 
-1995 

1996 

Figure 8.3: Numbers of complaints made 1994 to 1996 

However, it may be remembered that complaints may not be a satisfactory reflection 
of the extent of odour impact. It was a reason for the introduction of an odour­
monitoring panel. Therefore the trends in the odour monitoring reports between 1994, 
when the pilot panel was introduced, to 1998 were examined to identify any seasonal 
effects in reports of landfill odour. It should be remembered that the re-designed panel 
was introduced in April 1997, accounting for the sudden rise in numbers of repdrts. 
The values of all odour and landfill odour reporting intensities are shown in Table 8.5. 
They are shown graphically in Figures 8.4 and 8.5. 

1st 2nd 3rd 4th 
All Landfil All Landfil All Landfil All Landfil 
odour odour odour odour odour odour odour odour 

1994 0.044 0.0 0.054 0.0 0.11 0.03 0.10 0.035 
1995 0.06 0.02 0.10 0.03 0.11 0.02 0.08 0.02 
1996 0.07 0.02 0.10 0.01 0.13 0.02 0.09 0.01 
1997 0.10 0.02 0.32 0.04 0.28 0.05 0.22 0.05 
1998 0.23 0.06 0.22 0.05 0.24 0.08 0.24 0.11 

Table 8.5: Quarterly reporting intensities produced from 1994 to 1998 
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Figure 8.4: All odours reporting intensities 1994 to 1998 
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Figure 8.5: Landfill odour reporting intensities 1994 to 1998 

The overall odour reporting intensities for 1994 to 1996 and 1998 peaked in the third 
quarter (July to September). The exception to this was 1997, where the peak was 
greatest in the second quarter (April to June). A simple explanation for this may be 
the panel being increased in size with new monitors in April 1997. It is notable that 
the number of reports made by new monitors tailed off throughout the April to July 
monitoring period. The level of the reports for this quarter therefore may be an 
exception to lower levels in other years. The indication from the reporting intensities 
is that odour nuisance is more likely in the summer months. This differs from the 
level of complaints, which remained constant throughout the year, with a slight 
increase in the fourth quarter (Table 8.4 and Figure 8.3). It is possible that using 
report intensity values may be a more subtle means of assessing impact as it reflects 
the number of reports made over the number of days monitors were active. 
Complaints do not reflect these temporal aspects of exposure so well. Whether this is 
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the result of climatic conditions influencing the odour sources and odour dispersion, 
particular processes being notably active in producing odours, or the monitor's 
behaviour, or a combination of all of these factors is not clear. 

When comparing the complaints from 1994 to 1996 with reports made during the 
same period, there is some similarity in pattern throughout the year. In 1994, 
complaints fall between the first and second quarters, before rising throughout the rest 
of the year. "All odour" reports and landfill odour reports do not fall between the first 
and second quarter, but they do rise between the second and third quarters. There is 
no increase between the third and fourth quarters. There appears to be similar patterns 
in 1995 and 1996, where levels of reports and complaints coincide at certain times but 
not at others. In 1995, there is some agreement between reporting intensity and 
complaints. The levels of reporting intensities for "all odours" and landfill odour. and 
complaints increase between the first and third quarters, before falling back through 
the rest of the year. "All odour" reporting intensity levels differed from landfill odour 
intensity and complaints. "All odour" intensity reports increased between the first and 
third quarters, before falling. Landfill odour and complaints levels fell between the 
first and second quarters, increased between the second and third quarters and fell 
between the third and fourth quarters. This comparison serves to illustrate that there is 
a general relationship between reporting intensities and complaints. As referred to 
above, however, complaints do not relate temporal effects as well as reporting 
intensity values. 

The landfill odour reporting intensities showed a different pattern. In 1994. reporting 
intensities were highest in the last two quarters of the year. In 1995, the peak period 
for reporting intensity was the second quarter~ values remained constant throughout 
the rest of the year. The highest values were recorded in the first and third quarters in 
1996. In 1997, levels of reporting intensities rose throughout the year. Reporting 
intensity levels fell between the first and second quarters before rising again to a new 
peale No seasonal trends appeared to occur. Ifhigher temperatures caused higher 
levels of emission of odours. as suggested by Baker and MacKay (1985). it would be 
expected that higher intensity levels would occur in the second and third quarters (see 
Section 4.4). However, like the complaints data, no one year showed this pattern. As 
with the all odour intensity values, the patterns seen may have arisen for a number of 
reasons. The weather may affect landfill odour evolution, release and dispersion. It i. 
likely that these processes are affected by several climate parameters. for example. 
temperature, atmospheric pressure or wind speed acting together, rather than -inaly. 
Additionally, the behaviour of monitors will change throughout the year. being 
indoors or outdoors for example, which will also affect their reporting patterns. These 
behavioural factors are discussed in greater detail below. 

An effort was made to outline a profile of odour events in terma of the days and times 
when they are most likely to occur and their duration. The numbers of odoW' repoI1I 
made on different days of the week are shown in Table 8.6. 

The largest numbers of reports were made on Mondays, Tuesdays and Fridays_ The 
lowest number of reports was made on Sunday. This low level ofreportina on 
Sundays may result from certain businesses not operating on Sundays. hence the 
lower level of reports from local and agricultural sources. However, reports ttom 

140 



landfill and brickworks are less variable with levels of reports remaining constant 
during the week. 

Local odour Landfill Brickwork Agricultural Total 
odour odour odour 

Monday 49 22 35 18 
Tuesday 52 18 45 12 

Wednesday 38 14 53 10 
Thursday 45 17 35 13 

Friday 38 16 56 15 
Saturday 38 12 46 11 
Sunday 23 12 45 8 

Table 8.6: Days when odour reports were made 

The times of the odour reports are shown in Figure 8.6, 
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Figure 8.6: Time of day when odour reports were made 
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It can be seen that the most frequent time for reports was between 8 to 9am. Two 
monitors carried out their regular sniffing for odours between 11 to 12am, which goes 
some way to explain the second peak at that time. There were fewer reports of odour 
very early in the morning or in the late evening, possibly as a result of fewer monitors 
being up and about at those times. There were more reports of odour in the morning 
than at any other time of day, although there were smaller peaks at around 2 to 4pm 
and 5 to 6pm. This may be associated with monitors coming home from work at 
around those times. There may also have been an association between reports and 
prevailing weather conditions. Wind speeds are lowest in the mornings and afternoons 
during this period. In Section 8.4, the apparent relationship between lower wind 
speeds and reports is highlighted. It will be shown that researchers have found that 
wind speeds are critical in dispersion processes. Ifwinds exceed 3m1s-1

, effective 
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dispersion of pollutants will occur. Speeds below this threshold result in ineffective 
dispersion (Nkemdrim 1988). 

The monitors were asked to state how long they could detect the odour. The results 
are shown in Figure 8.7. Most of the reports made did not include the duration of 
odour. These reports are shown in the 'not stated' category. Of the reports that did 
include details of the duration of the odour, the majority of odours were detected for 
up to 5 minutes. Fewer odours were detected which persisted between 10 and around 
25 minutes. However there were a substantial number of reports that stated that 
odours persisted for between 30 minutes and all day. This suggests that odour events, 
when they occur, are either fleeting in nature or can be persistent for long periods of 
time. Or conversely, it may be the result of some people being around for longer or 
shorter periods. 
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Figure 8.7: Duration of all odour reports 

8.2.2 Landfill odour reports 
Landfill odour reports were reasonably consistent throughout the week. The days 
when reports were most frequent were Monday and Tuesday and were lowest on 
Saturday. Reports of landfill odour were most frequent in Cranfield, Stewartby, 
Marston Moretaine and Brogborough. They were least frequent at Kempston 
Hardwick and Wootton Green. The landfill odour reporting intensities for each 
location were calculated and are shown in Table 8.7 below. It will be noted from 8.2.1 
that there was no clear cut pattern in the distribution of landfill odour reports. 
Cranfield and Stewartby may experience odour pollution frequently as a result of 
close proximity to the two landfill sites. But this cannot explain lower reporting levels 
at Kempston Hardwick that is close to the Lfield site and northeast from it, that is 
downwind in the direction of the prevailing wind. This pattern of reporting may have 
arisen from two factors. Firstly, that the numbers of monitors were too small to 
successfully differentiate areas with greater or lesser areas of impact. Conversely, this 
confused pattern may be a satisfactory reflection of odour impact and illustrates the 
complexity of pollution dispersal. If this is the case then it is apparent that there will 
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be consequences for issues of panel design. There may be a requirement for a 
minimum number of monitors to be present at each location. For example there were 
three monitors at Kempston Hardwick. which was thought originally to be sufficient. 
However, this may not be a large enough number of people to assess odour impact 
satisfactorily. It may suggest that all efforts should be made to encourage a diverse 
group of individuals to monitor for odours. It is notable that all the monitors at 
Kempston Hardwick were females who worked full-time. Alternatively. there may 
have to be a change in the monitoring procedure and data recording, for example, 
monitors having to sniff for odours more than once a day. 

Location Reporting days Landfill odour Landfill odour 
reports intensity 

Brogborough 142 7 0.049 
Cranfield 356 22 0.062 
Kempston 325 12 0.037 

Kempston Hk 231 5 0.022 
Lidlington 254 7 0.027 

Marston Moretaine 88 16 0.180 
Stewartby 406 30 0.074 
Wootton 339 8 0.023 

Wootton Green 220 4 0.018 

Table 8.7: LandOIl odour reporting Intensity for dlffereDt mODltor loeadoDI 

The locations with the largest reporting intensity values are Marston Moretaine, 
Stewartby and Cranfield. These results should be compared with the distribution of 
complaints during the same period. Six complaints were made, four of which arose in 
Marston Moretaine. The other two were at Wood End (approximately O.Skm nonh­
east of Brogborough landfill) and Rectory Farm (approximately O.Skm north-west of 
Brogborough landfill). Refer to Figure 8.1, a map of the Marston Vale. 

The data from reports pertaining specifically to odour from landfill sites were 
examined for times and duration for comparison with the data for all odour reports. 
This was done in order to ascertain if the pattern of landfill odour reports followed 
that of all odour reports. Landfill odour times are shown in Figure 8.8 and duration of 
landfill odour events is shown in Figure 8.9. 
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Figure 8.8: Times of landfill odour reports 
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Figure 8.9: Duration of landfill odour events 

As with all odour reports, landfill odour was most frequently reported between 8 to 9 
am. The reporting pattern was similar, with smaller peaks occurring at 2 to 4pm and 
between 5 to 7pm. This pattern probably arises for the same reasons as all odour 
types. 

As with the reports relating to all odours, the majority of reports did not include 
details of the length of time the odour could be detected. The duration of landfill 
odour incidents was similar to those of all odours, although the category of odour 
being present for up to one minute was the larger category. Again there were few 
reports where odour was reported as being present between 10 to 30 minutes and then 
more reports where odour was reported as being present from 30 minutes to all day. 
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8.2.3 Conclusion to Section 8.2 

It can be seen from the information ahove that the levels of reports of odour vary 
across the Vale. The different monitor locations have produced varying levels of 
differcnt odour reports. This suggcsts that different locations not only experience 
varying levcls of overall odour pollution. hut differcot locations experience varying 
levels of different odour types. For example Kempston Hardwick produced I S% of all 
odour reports. Of these reports. 68°~ werc hrickwork odour. Cranfield produced 14% 
of all reports. a similar Icvel to Kcmpston HardwIck. However, the largest category of 
reports was local odours (52%). The level of landfill odour reports varied between the 
two settlements. Kempston Hardwick produced the lowest levels of landfill odour 
reports (5 reports or 4%). whilst Cranfield produced one of the highest tolals (22 
reports or 20%). 

There were some features common to the reports. There were, for example, times 
when odours were reported more frequently. These were mid-morning, between 8 and 
1 Dam, and around 2 to 3pm and 5 to 6pm. The odours were also reported as being 
detectable for cither short periods of a few minutes or being present for half an hour 
or longer. 

8.3 Summary and Implications of obSfH'Ved reporting pattern. 

As with examining reports on the basis of individuals or groups of monitors. it is 
apparent that reporting levels across the Marston Vale vary, both by location and over 
time. Similarly, the relationship between reports and complaints is not 
straightforward. 

When considering the importance of location it is apparent that there were varying 
levels of overall reports of odours at the nine different locations. Additionally, there 
were different levels of different odour types reported at each location, nul may arise 
due to proximity to a particular odour source. For example, the most frequently 
reported odour source at Kempston Hardwick was that of brickwork odour. nu, may 
not be surprising when a small brickwork site is located within 100 to 200 metres of 
the monitors' homes, The same could be said of the settlement of Stewart by, which 
also contains a brickwork site, It also worth considering the impact of meteorological 
factors on the effect different odours have on each monitor location. At Brogborough 
and Lidlington. the most frequently reported odoun were local odoun. Brickwork and 
landfill odoun formed 24% of all reports. The settlements are located upwind of both 
these types of odour source, 

Examining the times of reports showed the morning to be the time of day when moat 
reports were made, even though moniton were at home for shorter periods than II any 
other time of day. Additionally, the duration of odour eventl wu,lqely, brief. 
lasting only a matter of minutes. This could be due to environmental or behavioural 
facton on the part of the moniton or both. Odoun may be more easily detectable in 
the morning due to atmospheric conditions. Oke (1993) discusses an example oflhi. 
when examining plume patterns under di fferent atmospheric conditions, one of which 
is referred to as fumigation, This occun when there is what Oke calli an invcnion 
'lid' above a plume preventing upwards dispenion, but with unstable air beneath tho 
lid permitting mixing and dispersion of a plume at ground level. Oke relat. bow thi. 
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could take place in a number of ways. such as in rural areas after sunrise when a 
nocturnal surface inversion is eroded by surface hcating. The movement of pollutants 
in the atmosphere is strongly affccted by prcvai ling conditions within the boundary 
layer. the layer of air c10scst to the Earth's surface. This layer is characterised by 
turbulence generated by frictional drag as the atmosphere moves across the Earth's 
surface and receives most of its heat through this turbulence (Oke 1(93) The height of 
this boundary layer varies with the strcngth of surface mixing. For example, during 
the day, there is an upward transfer of heat to the cool atmosphere from the surface of 
the Earth as it is heated by the sun. This vigorous mixing can cause the boundary 
layer to rise to 1 to 2km. At night and with cooling of the ground, mixing is limited 
and the boundary layer can shrink. It is variation in the stability conditions of the 
boundary layer that can affect dispersion of pollutant plumes. Ordinarily, the best 
conditions for dispersion of pollutants are when there is a deep boundary layer with 
strong instability. These conditions develop in sunny daytime conditions. notably in 
the summer. Conversely, the worst conditions for dispersion are when there is a stable 
boundary layer with a temperature inversion where temperatures increase with height, 
rather than fall. This results in little if any turbulence and upward movement, resulting 
in dispersion and dilution being limited (Oke 1(93). Additionally, monitors will be 
exposed to odours present for the first time that day and will not have adapted to 
them. Hence they may be more likely to notice odours. Also monitors may be more 
likely to go outside in the morning, even if it is to travel to work, take children to 
school or go shopping. When examining the diary data. it was notable thaI many 
reports were made within a short time of getting up, or leaving or returning home. 
This will have consequences for the design of monitoring pane ... As individual. may 
appear to be most likely to detect odours in the morning. is it desirable for them to be 
asked to detect odours in the morning. This would depend on what is required from 
the monitoring data; either personal exposure through the day or identification of all 
odour incidents 

Climatic factors may influence the length of time an individual may experience an 
odour. If, for example wind speeds are high, an odour plume will be dispcncd rapidly 
causing little nuisance. It was noted in Section 8.2, that all complaints and 95% of 
reports were made when wind speeds were no more than 9mls' (sec Section 9.8 for 
further discussion). The brief periods when odours are perceived may result from this 
rapid odour dispersion. Alternatively, there may be behavioural factors involved. 
Monitors may briefly detect odours due to their moving indoors or leaving the area. 
They may also 'catch' the tail end ofa plume as it travels through the environment. 
On the other hand, when long periods of odour pollution are referred to this may arise 
due to environmental and behavioural factors also. Atmospheric conditions may result 
in little dilution or dispersal of the odour plume. Monitors may be outside for lona 
periods of time or travel between the indoors and outdoors frequently durinl the day. 
These factors may combine to produce an odour event for the respondent lutinllOme 
hours. Adaptation to an odour may take place. but if the propertiea of the odour 
change, for example its concentration or hedonic qualitiea resulting in an odour 
becoming more intense, it may remain detectable. 

When reflecting on the results from Chapter 7, which reviewed reporting on the buia 
of individuals and groups, and from this chapter, examining reports on a spatial and 
temporal basis, it is apparent that there is no clear cut pattern of expoIUl"e. Certain 
settlements appeared to be more frequently affected than others by odour pollution. 
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for example Lidlington and Stewarthy SlIllIlarly. certain types of individual appeared 
to be more likely to experience odour pollution than others, for example, individuals 
with health problems affecting their sense of smell. There was no overall blackspot or 
group more or less likely to be affected by odour. This, perhaps is a reason to attempt 
to model popUlation exposure in order to ensure that over· or underestimation of 
odour pollution impact does not occur. 

8.4 Conclus/ons 

As stated at the beginning of the chapter. the analysis of monitors' reports involved 
assessing the importance of spatial and temporal aspects of odour pollution impact. 
The results are summarised below. 

• The levels of reports and types of odours reported varied across the Marston Vale 
with Stewartby producing the highest level of landfill odour reports and Wootton 
Green the least. 

• Over-til odour reporting intensities also \'aried. Marston Morctaine, Kcmpston 
Hardwick and Stewartby producing the highest \'alues, and Wootton and 
Lidlington the smallest. 

• Landfill odour reporting intensities were highest for Marston Moretaine and 
Stewartbyand lowest for Wootton Green, 

This illustrates that the experience of odour varied across the Marston Vale, with 
some areas more adversely affected than others. 

• The levels of overelll odour reports and landfill odour reports fell over the 
monitoring period. 

This pattern may have arisen due to monitor reporting fatigue. It IUUests that 
monitors may have a "lifespan", after which they would have to be removed from the 
panel due to loss of motivation. The possible methods of managing monitors and 
assessment of their reports are examined in Chapter 9. 

• Complaints (between 1993 and 1997) and reports made between 1994 and 1998 
showed differing patterns. Complaints largely appeared to be constant throughout 
the year. Reports suggested a possible peak period during the summer. It should 
be noted that complaint and report patterns varied on a yearly bail. 

This result reflects the suspicions held by some researchers that complain .. may not 
reflect the true extent and frequency of odour events . 
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9. 1 Introduction 

Chapter 9 

Assessment of data reliability 

In this chapter, a review of methods that were used to assess monitors' data and their 
perfonnance as monitors arc highlighted. The purposes behind this activity are 
twofold. Firstly, to ascertain some idea of the levels of reliability of each monitor's 
reporting patterns. It was hoped to identify monitors who may have been more likely 
to produce less reliable reports. There was a great deal of reliance on the monitors' 
reports to identify variability in response and to illustrate how to develop a popUlation 
response framework. Therefore some foml of "quality control" of these repolU wu 
required. Secondly, to indicate how such assessment of report reliability could be 
undertaken if further uses of monitoring panels arc undenaken. This is panicularly the 
case if, as with the panel used in this research, monitors are left to themselves to make 
reports and are not directly supervised. It would be necessary if organising a 
monitoring panel to identify ways of ensuring that reports would be reliable. 

In Section 9.2, the categories used by individual monitors to describe cloud and 
visibility at the time of their landfill odour report are compared with those of other 
monitors reports made at the same time. In Section 9.3, the reportina patterns oflona­
tenn and new monitors are re-examined. It will be noted from Section 7.3 that 
reporting patterns of long-tenn and new monitors varied. with long-term moniton 
producing fewer reports and consequently lower reporting intensities. In Section 9.4. 
complaints made to the landfill operator during April to July 1997 are examined to 
identify any occasions where they coincided with monitors' repolU. In Section 9.5. 
the absence levels of monitors are examined and in Section 9.6, the results of the post­
monitoring questionnaire are presented. Finally. in Section 9.7. the monitors landfill 
odour reports are compared to both wind direction and wind speed. 

9.2 Monitora' •• lectlon of cloud .nd v,.,bliity CllIefIOI'Y 

Reports made over the period of approximately an hour. for example 8.00am to 
9.00am. on the same day were examined for the cloud and visibility level (c and v) 
described by the monitors. These data were extracted from the database in which the 
reports had been recorded. They were extracted using the query facility ukina for 
details of date. time. cloud and visibility, and the monitor's reference code and in thil 
case examined by eye. There were 159 occasions over the three months. where two or 
more monitors made repolU at approximately the same time. It will be remembered 
that the monitors were assigned a set monitoring time. at around 8.00am. when they 
were uked to snifTthe air. The majority of occuions when reports were made at the 
same time were at this set time (84 times). The number ofoccuions where 1.2.3 or 
4+ categories were used is shown in Table 9.1. 
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I c& v category 2 c& \' category 3 c& v category 4+c&v 
used used used category used 

Number of 33 64 43 19 
times referred 

%agc 21 40 27 12 

Table 9.1: Number of cloud and ,·i.iblllt)' catqo"" uHd 

• Where more than one category of c and \' were used. there were 36 occasions 
where the categories referred to were not sequential. for example categories I, 2, 3 
or 4 and 5. This includes 7 occasions where categories 6.7 or 8 were used when 
other values other values were 4 or less. There were no occasions where low 
category values of 1.2 or 3 were used at the same time as high category values. 

• 25 monitors made reports when 4 or more c and v categories were referred to. 
Some monitors made reports more frequently than others under these 
circumstances. These include monitors CFS (13 times), SRWG (13 times), NHTC 
(15 times) and SWS (18 times) Other monitors ranged between once to 8 times. 

• There were 7 occasions where there were outlier c and v values, that is where a 6, 
7 or 8 category when other categories were 4 or under. The monitora responsible 
for this were JBS (I outlier). CFS (2 outliers). SRWG (1 outlier), Net, VHB (two 
outliers) and SWKH (3 outliers). When other reports made at the same time were 
examined, it was noted that there were no other monilora at the same location with 
whom reports could be compared. apart from the following occasions. VHB and 
NCL both reported cloud and visibility as 8 on 2S and 26 April. They live at 
Brogborough and Lidlington. which are both situated at the south of the Vale. and 
possibly may have experienced foggy weather. unlike other monitora to the north. 
Monitor SWKH also produced extreme c and v reports on 27 April, 4 May and 12 
June. On 27 April, there were no other odour reports at Kcmpston Hardwick. but a 
monitor at Stewartby reported c and v as 3 and a monitor at Cranfield reported the 
level as 4. On 4 May. another monitor at Kempston Hardwick. IKFKH, reported 
odour at the same time as SWKH, and reported c and v as 4. The range of candY 
chosen at that time by other monitors was 4 (two reports) and 3 (one report). On 
12 June, two monitors at Stcwartby reported cloud cover as 3 and 4. It is apparent 
that SWKH was not an accurate reporter of candY. If this is the cue there is the 
possibility that other details of her reports may not be accurate. 

It is apparent from this checking procedure that one monitor, SWKH, produced 
reports which could have contained inaccuracies. Checking of data should be 
undertaken as part of panel management. in order to identify monitors who may mike 
mistakes in their reports. It would be convenient to undertake thil procell when 
checking monitors reports when they are long-serving moniton or when idcntifyina if 
the length of time spent in the area is assessed to sec if it afredin. reporting patterns. 

149 



9.3 Long-term and new monitors' reporting IMttem. 

It will be remembered that there were ten mom tors \\'ho had monitored for the pilot 
study panel and twenty monitors started momtoring in April 1997, In 7.3.7, it was 
noted that long-tcnn momtors produced lower numbers of overall odour and landfill 
odour reports and consequcntly n .. -portlllg intensities than did new monitors. Table 
7.27, shows reporting intensities for overall odour and landfill odour reports is 
reproduced in Table '),2, 

Reporting Ovcrall Reporting Landfill Landfill 
days reports intensity repc>rts intensity 

Long-tenn 792 124 0.16 15 0.03 
monitors 

New 1636 672 0.41 86 0.05 
monitors 

Table 9.1: ReportJna JnlensJIJn orlona-Ierm a.d .~ mo.lton 

As discussed in 7.J.7, this pattem may have arisen for different reuons. Long-tenn 
monitors may have experienced loss of motivation with monitoring over a long 
period. Alternatively, they may be more inclined to lUC their judgement about whether 
or not to report odours. As stated in 7,J.7, It would appear that moniton should not be 
retained in a panel. It is necessary to periodically review the levels of reports, for 
example six-monthly or annually, 10 ensure that fatigue is not millCd. As lOOn at it is 
identified, the monitor concerned should be removed from the panel. It was also noted 
that the level of reports made by new monitors also fell during the monitoring period. 
This may have illustrated thaI even new monitors may have staned to experience 
fatigue or began to apply their judgement more frequently about reporting. Apin 
their reports should be closely examined and if the trend continued~ they too should be 
removed from the panel. 

9.4 Complain,. made to the landfill operator April to July 167 

There were six complaints relating to landfill odoun made to the landfill operator 
during the monitoring period. These arc summarised in Table 9.3. 

It can be seen that there were three complaints arising at the Brogborough lite and 
three at the Lfield site (two of the Lfield complaints. on the 28 May and 2 June 
relating to the chemical plant, were made from the same address). The moniton' 
report sheets were examined for reports of odour that were recorded on the lime day 
as the complaints. Reports occurring on the same day II the complain .. are alto 
shown in the table. 

The monitoring panel was in operation for three months. As the panel ran for • abort 
period and the number of complaints was so small, no tn:ndI or relationshipa could be 
identified. During thiatime, six complain .. were made, four (600At) of which 
coincided with reports made by moniton. It should be noted that nothina WII kDown 
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of the individuals making the complamts apart from their location. Nothing was 
known either of whether they had complalllcd preVIously. 

Date 

20/5 

20/5 

26/5 

28/5 

28/5 

216 

length Complaint ( 'omplamt Cause of Report at Monitor 
of made at location complaint location initials 
time 
pm Brogboro' RKIOI1' Ireach? Kempttoa PFK 

"arm 
all Brogboro' "'ood f:Dd No Imell Kemptlo. PFK 
day OD lite 
am Brogboro' ManloD No Imell Cr •• neld NHTC 

OD 1.le 
am Lneld l\hnloD chemical No nport 

plaal 
pm Lneld l\hntoD DOIU Nonport 

cODlrol 
pm Lneld Manloa chemical Woottoa ERW 

plaal Woottoa C FLWC 

Table 9.J: Complalal' made 10 Broaboroulh aad LOeld .lla darla. die 
mODlCorial period 

Bearing in mind the historical complaints data examined in Section 8.2 and how there 
was no close agreement between complaints and reports. the above table shows thai 
during the monitoring period the same pattern continued. 

9.5 Ab •• nt man/tara 

In this section, the number of reporting days for moniton are examined in detail to 
identify if absence rates affected the numbers of reports made. Moniton were ukeel to 
state when they were absent or unable to make a report. II wu noticed that the new 
monitoring method resulted in more complete reports. The rcportl durina the 
monitoring period were examined for the numbers of day. moniton did not submit 
reports. The numbcn of days absent varied from none for lix moniton to 31 days for 
monitor CCB. a long-tcon monitor. The numbers of days when rcportl were not made 
arc summarised in Table 9.4. 

Number of absent days Number of monlton 
o· 10 days 20 
II - 20 days 5 
21 - 30 day. S 

Table 9.4: Number or days 1lIOII lion reported ablnt 

The majority of moniton were absent only for up to 10 days durina the monitorina 
period. Five moniton were absent for between 21 to 30 days. Of thae five monilOrl, 
three were long-term moniton, all of them were female, two were fUll-timo wort ... 
one part-time and two were housewives. A brief examination of the reporII of abIencc 
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and the types of monitors who made them was carried out in order to identify if there 
were particular types of monitor prone to absence. 

In order to do this, the monitors were divided into groups that were identified in 
previous sections, which may have difTering periods of time at home. and the number 
of absences for each group obtained. They were monitor location. gender. length of 
time monitoring, age and employment pattern. The absence rates in monitors at each 
settlement were counted up and are listed in Table 9.5 shown below. 

Settlement Number of monitors Total absent days Mean number of 
absenees 

Brogborough 2 40 20 
Cranfield 4 8 2 
Kempston 5 56 11.2 

Kempston H'wick 3 42 14 
Lidlington 3 19 6.3 

Marston Moretaine 1 3 3 
Stewartby 5 49 9.8 
Wootton 4 2! 6.2! 

Wootton Green 3 !J 17.7 

Table 9.5: Levels of abseDt days at each settlemeat 

It can be seen that the mean number of absent days varied markedly with each 
settlement, from two at Cranfield to 20 at Brogborough. It should be noted that one of 
the monitors at Brogborough had the highest level of non-reporting days durina the 
monitoring period. 

The number of days long-tenn and new monitors were absent were 116 and 179 days 
respectively. The mean number of days absent were 11.6 for long-tenn moniton and 
9.4 for new monitors. The values did not appear to be too different. sU88estina that 
absence levels were similar for both groups. with a slightly higher level for 10na-lenD 
monitors. A student I-test was carried out to confinn the null hypothesis that there was 
no difference between the mean values. A test value of -0.77 was obtained. As the 
critical value was 2.13, the null hypothesis was accepted and therefore it was 
concluded that there was indeed no difference betwccn the mean values of the two 
groups. It is noteworthy that the reporting intensities for new moniton were hiJber 
than for long-tenn monitors, even though the absence rate for both poupl was the 
same. This would suggest that absence did not affect levels of reports. 

Absences for male and female monitors were S8 and 237 days respectively, and the 
mean values were 7.2 and 11.3. This sU88ests that female moniton were more likely 
to be absent than male ones. Again, a student I-test was conducted with the null 
hypothesis that there was no significant differenee between the mean absence rateI of 
the two groups. The I value of 1.96 was greater than the critical value of 0.09, which 
indicated that there was a significant difference between the male and female 
reporting rates. Female monitors appeared to be more likely to be absent than mal •• 
However, again the level of absence did not appear to affect the reportina intensities 
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of the two groups. Although males reported landfill odours most frequently. females 
reported all odour types most onen. 

The age group) 8 to 35 years had 73 days absent (the mean value was 9.1). The next 
group. 36 to 45 year olds. were absent <) I days (mean number of absent days was 
15.2). The final group. 46 to 55 year olds. were absent for 107 days (mean number 
was 9.7). and the 56+ year olds were absent for 24 days (mean number of absent days 
was 6). It was apparent that there was a marked difTerence in the 36 to 4S year olds 
absence rate compared to other groups. An analysis of variance was carried out on the 
absence rates of each age group. A value of 0.802 was obtained. As the critical value 
was 3.01, the null hypothesis that there was no difTerence between the absence levels 
of each group was accepted. 

The full-time workers were absent for 162 days and the mean number of days absent 
per monitor in this group was I 1.6 days. The part-time workers were absent a total of 
73 days or a mean of 10.4 per monitor. The economically inactive group had the 
lowest level of absence. losing only 60 days altogether or an average of 7.S days per 
monitor. Again. an analysis of variance was carried out to test the null hypothesis that 
there was no signi ficant di fTerence between the absence levels of each employment 
group. The value of 0.435 was below the critical value of3.39 and again the null 
hypothesis was accepted and there was no difTerence between the groups. Thil 
indicates that the levels of absence between the difTering groups ofmoniton did not 
vary. Therefore all types of monitor could be included in a monitoring panel if 
desired. However. causes of absence could vary between monitors of differing types 
and therefore. monitors' reports should be designed to ascertain what causes of 
absence occur and if they differ between difTerent groups. Overall it would appear that 
the length of time individuals are present in the Vale do not seem to affect their 
exposure to odour. As an extreme example. a population of commuten or long 
distance lorry drivers may be just as likely to be exposed to odour u • carer or 
homemaker. As a consequence. when designing a monitoring panel, the backgrounds 
of monitors are not important. as they do not seem to influence absence level. and. 
hence, reporting patterns. 

9.6 Odour hedonic. 

It will be recalled from Chapter 6 that monitors were asked to record the pleuantncu 
and intensity of odoun that they reported. They were liked to ICOre pleuantneul 
unpleasantness and weak/strong odours on a scale of I to 7. A ICOre of 1 referrod to 
an odour that was weak or pleasant and a score of 7 ref CITed to an odour that wu 
strong or unpleasant. The values assigned to landfill odours were examiDed within the 
context of the groupings used in Section 7.3, which in tum were baaed on current 
knowledge of olfaction. It was hoped to identify relationships between IabonIory 
based olfactometry and odours detected in the field. 

When the reports were examined, the following panema were identified. 
• Younger moniton produced a higher percentage of unplCUll1t odoun (68%). 

Older moniton produc:ed the lowest number of reporu with unpleaunt odoun. 
• Older moniton produced the highest number of strong odours. 
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• Economically inactive mOnitors produced the highest number of unpleasant odour 
reports. 

• Females produced most reports rcfemng to unpleasant and more intense odours. 

However, 64%, of landfill odour reports made by males were reponed as being 
pleasanl. Closer examination of the data revealed that one monitor, TSK, consistently 
recorded such odours as pleasant. Although the precise reasons for this are not known. 
this panern may have arisen for several reasons. Firstly. the monitor may have been 
confused as to what score to assign to the odour, using a score of I for an unpleasant 
odour and not 7. It was noted that the report sheet itsdfhad no guidance as to how 
score odour hedonics. Care had been taken to ensure that monitors knew what they 
were doing, including instructions given at the meeting, guidance notes and telephone 
calls prior to and just after the start of monitoring. Despite these precautions, TSK 
appeared not to understand how to score odour hedonics. This indicatcs a need to 
redesign monitoring sheets. Secondly, he may have been an individual with an 
idiosyncratic sense of smell. who did not find landfill odours unpleasant. 
Unfortunately, the odour trials prior to mOnitoring did not include tests for pleasant 
and unpleasant odours. Thirdly, TSK, and possibly other monitors, may have had 
genuine difficulty describing hedonic propenlCS. Although TSK may have made a 
mistake when recording odour hedonics. hiS cloud and visibility scores were 
consistent with other monitors. For this reason. his rcporu were included in the 
analysis. Finally. it should be noted that the panel was small with only a limited 
number of people and reports to investigate. One or two individuals with idiolyncratic 
reports may influence the conclusions that can be drawn, such as TSK's reports 
influencing the reporting pattern observed amongst malcs. 

As the patterns observed were ambiguous. the detailed results were not included. 
However, the following observations can be made. 
• The results were not the same as those observed in the laboratory. 
• Hedonics as an issue in a field-work contcxt needslpecially designed raearch 

projects, separate from odour monitoring panels such as the one used in this 
research. 

9.7 R.au/ta from the poat-monltorlng queatlonna're 

As discussed in Chapter 6, it was decided to ask monitors who left the panel after 3 
months to complete a post-monitoring questionnaire. Six monitors left the panel after 
this period and 4 of them completed and returned the questionnaire. The questions 
asked for information in three main areas. These were firstly. what they thouaht of the 
monitoring procedure, secondly. what they thought of the outcome of their results and 
thirdly, what their response to odours usually was. The Faults arc hiahliahtcd in this 
section. 

9.7.1 OplDloalOD IDODltoriDI p'-Nan 
The monitOR were asked their opinion about different upccts of monitorina. The 
results to the questions arc as follows, 
• Found monitoring very easy ... t. found monitoring easy ... 2. found monitorina 

neither easy or difficult ... t 
• All monitOR felt they had sufficient suppon from the Univenity 
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• Prohlems with monitoring Included remembering to monitor (2 monitors), 
inconvenience ( t ). unahle to Identi fy all odours ( t ) 

9.7.2 Monlton' opinions on tb~lr rnultl 
The monitors were then asked their opinions on their reporting results. 
• 3 monitors stated they reported all odour types at levels that they expected, I 

monitor stated they reported odours less often than they expected, no monitors 
stated reporting all odours more frequently that they expected 

• The monitors stated which specific odours they reported more or less frequently 
than they expected. The results are shown in Table 9.6, 

Odour type reported more frequently than reported less frequently than 
expected expected 

local odours 0 1 
land fi II odours 2 1 

brickwork odours I 3 
agricultural odours 0 3 

T.bl~ 9.6: Tbe specific odoun moalton reported more or leu til •• tile)' elpected 

• 2 of the monitors were surprised by their results, 2 were not 
• 3 monitors felt they were more aware of odours after taking pan in the projec" I 

felt their opinion was unchanged 

9.7.3 Tbe moolton' oploloas oa odour 

• 1 monitor had complained about agricultural odours to the council in the PU" 3 
had not made any complaints about odour 

• When they had detected odours, I monitor reported closing windows and I 
monitor stated they tried not to breathe deeply 

• Monitors reported the following health problema when exposed to odour, 

Symptom Number of monitors reporting symptom 
Headache 1 

Annoyance I 
Irritability I 

Respiratory problems I 

T.ble 9.7: Symptoms HIOtt.ted with odo.r elpolan 

• Out of four monitors who completed the questionnaire. 3 stated their reason for 
volunteering for the project was concern about the environment and the Ioc:aI 
environment in panicular. The other monitor ltaled they wanted to belp with the 
project. 

Some significant points were raised by the polt-monitoring questionnaire. Fintly, the 
monitoring procedure was generally straightforward. This indicates that future paoeII 
could be run along these lines. Secondly, three of the four monitors completinl the 
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questionnaire said they were more conscIous of odours after monitonng. This 
suggests that once used in a panel, andlVlduals should not be used again. Finally, the: 
motivation for most of these mona tors \\ as concern ahout the environment. Whether 
or not their reporting patterns were anfluenced by these concerns is not clear. But this 
docs suggest that more detailed questIons on pre-monitoring questionnaire on 
environmental issues and analysIs of reportang patterns based on these questions may 
be necessary. 

9.8 Links with the environment: com".rlng monitors' reporta with wind 
speed and direction 

It was decided to check reports against the wand dIrection and wind speed recorded at 
the time when the report was made. The andlVldual mOnitors will be referred to by 
their code names, as elsewhere an the theSIS. 

It was also decided to compare the landfill odour reports made by each monitor with 
the wind direction and speed recorded at or near to the time of the report at local 
weather stations. It is known that meteorologIcal conditions are important in the 
release and dispersion of atmospheric pollutants, mcluding landfill odour (ICC Section 
4.4). Movement of a pollution plume is determmed by three variables, namely wind 
direction, wind speed and atmospheric stabihty. Wind direction determines dispcnion 
of the plume, that is where it tra\'els and therefore which areas will be affected. Wind 
speed and stability detennine concentration of gaseous pollutants, U they innucnec 
atmospheric turbulence: levels (Boubel et al 1994). In other words how high or low 
concentrations arc ofT-site:. So, for example, high stability and low wind speed result 
in high concentrations close to a source. For example, when the wind speed is lower. 
plume dilution is reduced as eddies generated by turbulence are smaller, which in tum 
leads to greater potential impact. Nkemdrim ( 1988) states how the threshold for 
effective dispersion of pollutants is around 3ms· l. Low stabilityand/or high wind 
speeds indicate greater dispersion and dilution resulting in low concentrations over. 
wide area. It was hoped to identify an association between the wind', propcrtiea and 
monitors' reports. namely that the wind speed and direction were slow enough and in 
the correct direction for the landfill to be the source of the odour detected. 

Data from local automated meteorological stations at Bedford were used for this 
activity. Stability measurements arc not recorded at automated stations therefore wind 
speed and direction were used. As with the exercise of uscssina the quality of 
moniton' data using cloud and visibility catqcories, it wu hoped to identify acncral 
patterns of reports and their relationship with wind direction and apccd. 

Several steps were undertaken in this comparison. Fintly, the compau bcarinp from 
each landfill to the moniton' locations were estimated. It wu decided to use • nnae 
rather than one speci fic direction. So, for example, monitor VHS at Broaboroup wu 
identified u being within 180 to 2()(f south of Brogborough landfill and 220 to 230" 
southwest of Lfield. Therefore if the wind wu blowina from the ~ at 
approximately 0°, the wind would blow across Broaborouab landfill to the VHB'. 
location. Therefore if there were odour caUling compounds beina releued by the 
landfill the plume would be tranlpOrted to the monitor allO. Thi. i. iIIU1trated in the 
sketch map. Figure 9.1. 
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Figure 9.1: How the orientation of landfills and monitors were estimated 

It was decided to use reports that were made at or close to the monitors' homes, so 
that the monitors' orientation with respect to the landfill sites could be identified. This 
involved using 98 of the 111 landfill odour reports recorded during the monitoring 
period. Finally, the dates and times of each monitor's landfill odour reports were 
compared to the wind speed and direction recorded at or near that time. The monitor 
reports were again extracted from the database, using the query facility. The details of 
date, time, monitor location and landfill odour report were extracted. They were then 
compared by hand with wind parameters extracted from meteorological data. The 
results are summarised below. 

• There were 19 reports where the wind direction was in the correct direction for a 
monitor to detect an odour. 

• 92 reports were made where the wind speed was between 0-9m/s· l
, 6 reports were 

made when the wind speed exceeded this speed. The peak wind speed for reports 
was 2m/S·1 (28 reports) 

• Examination of the 4 complaints revealed that 1 complaint was made when the 
wind was in the wrong direction and 3 complaints were made when the wind was 
blowing in the correct direction. The wind speed for all complaints was below 
9m/s· l

. 
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It would appear that the maJonty of reports (77 reports or 79%) were made: when the 
wind was not hlowing In the nght direction for a monitor to detect odour. This was a 
disappointing result. but there were two sources of potential error that may have 
caused this discrepancy. These were the meteorological data and the monitors' 
reports. 

The meteorological data were not local to the Marston Vale. but were collected in 
Bedford. As Stem ( 19(8) states. extrapolating data from one place to another can be 
difficult as weather patterns can vary even over small distances. This problem is 
compounded by the: data being collected in a bUilt up area and being used to assess 
reports collected in a rural one. Stem (ibid.) describes how built up areas can produce 
different temperature and wind profiles compared to rural ones. These factors may 
result in the development of differing localised weather patterns in a built up area and 
the rural area surrounding it. Comparison was made between the wind patterns 
recorded at Cranfield airfield and Wyton airfield. approximately 60 km north-eut of 
Cranfield. Both wind direction and speed "aned frequently between the two stations. 
This problem could be overcome by using meteorological data collected at monitors' 
locations. overcoming the problems of using data collected in a different area. 

The second source of error related to monitors' behaviour and reports. Fintly. 
monitors may have had personal "agendas". whereby they would record odoun u 
they pleased and not as they smelled them. This problem could pouibly be overcome 
by more rigorous screening of volunteers prior to monitoring and close examination 
of reports as they were submitted. possibly using strategies described in this chapter. 
Secondly, monitors may make mistakes. They may believe an odour has. particular 
source. such as the landfill. when in fact the odour arises from another source. Or they 
may be ill with a cold that may distort the odour as they smell it. Recording any 
illnesses at the time of monitoring should be encouraged. To overcome the problem of 
mistaken identification. training should perhaps be considered. despite the problems it 
may entail (see 6.4.3). 

An interesting pattern emerged when wind speeds were compared to odour reports. In 
the majority of cases, 92 reports or 95%. the wind speed wu at or below 9ml1·1

• All 
complaints were made when wind speed was lower than 9mls· l

. This may indicate 
that wind speed may be an important factor in odour events. perhaps as much u wind 
direction. As referred to above, wind speed can be critical in dilution and dispersion 
of pollutant plumes. Oke stales that differing topographies and metcoroloJical 
conditions lead to development of local wind systems and therefore there il • pcal 
need for knowledge of local climates. He gOCl on to say, however, "the complexity of 
the wind field often rules out any detailed undentanding of dispersion". 

,., Summary of Chapter , 

Examination of the cloud and visibility categories used by monitors showed that 
usually there was some consensus on the categories used. When monitors did report 
categories that were markedly different to others, there was aareement with It leat 
one other monitor. For example, it was noted that monitors NeL and VHB hid 
recorded category 8 on the 2S and 26 April, when other monitors hid not uaed IUCb 
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hIgh categories. Howe\·er. they hOlh 11\ ed al the southern end of the Vale. which may 
have heen expenenclng dlllerent "eather condItions to the rest of the Vale. 
Unfortunately. the weather data would not reveal such dIfferences on a localised 
scale. One monitor. SWKtI. dId record calegon~ that were different to other 
monitors indicating thai she may not have hccn rnalong consistent repons. 

The reports and reporting intensitIes for long-term monitors were generally lower than 
those produced by new mOnitors. It IS suspected that monitors should not be retained 
on panels for too long as they appear to lose motivation to repon odours. How long 
they should be retained is not clear. as the long-Icon monitors had all been monitoring 
for three years. The reporting patterns of new monitors fell over three months, which 
may indicate that fallgue may set In over a short period of time. This suggests that 
reponing patterns should he checked regularly to identify monitors who are 
experiencing monitonng fatigue. 

Examination of the levels of absence amongst monitors appeared to show that absence 
as such was not markedly different helwccn monitor groups and did not appear to 
affect the results. This suggests that ahsence is not an imponant factor to be 
considered in panel design. 

There were four occasions when reports and complaints to the landfill operator were 
made together (66% of complaints). There were two complaints made when there 
were no reports recorded by monitors. If anything. this pattern reflccted what had 
been observed from historical complaints and reports data examined in Scction 8.2. 

The results from the questions related to odour hedonies indicated that monitors could 
be confused when recording their repons. Monitor TSK appeared to have scored 
odours wrongly when reponing odour pleasantness and intensity. This would IUllest 
that the reponing shccts should not only have scales for monitors to usc but also 
descriptions to avoid confusion. 

The post-monitoring questionnaire revealed that concern for the environment was a 
motivating factor for individuals to volunteer as monitors. One monitor had 
complained to the local authority in the past. but this was agricultural, not landfill 
odour. Three monitors stated that they had become more aware of odours as a l'CIult 
of monitoring. This would suggest that it is individuals who are concerned about their 
environment that will volunteer and once used in an odour study, they should not be 
used again as there is the possibility they will be more aware of odours. Thi. may leed 
to their over-reponing odoun. which would be unsatisfactory, as it i. the reIpOnIC of 
the general population that is sought. 

Examination of wind direction blowing at or around the time ofmoniton' reportI 
revealed that there were few occasions where the wind was blowing in the riahl 
direction for landfill odours to be "delivered" to moniton (19 occuions out of98 
reports). However, as noted earlier, there were difficulties usoc:iated with this 
exercise. Two sources of error associated with the meteorological data used and 
monitors' reports were identified. These sources of error may have led to the apparent 
discrepancy between reports and wind speed and direction. SUlleations for 
overcoming these sources of error, such as usc of local meteorological data and more 
rigorous screening ofvoluntcers were made. There did appear to be an aaociation 
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with wind speed, with the majority of rcports bcmg made when wind speed were 
helow 9ms' . It has heen suggested that low wind speeds result in limited dilution of 
an odour plume and therefore \,,11 he associated with odour pollution events. 

As stated at the outset of ttllS chapter, the above activities related to the assessment of 
the reliahility of monitors' reports. When uSlllg monitoring panels such procedures 
should be undertaken routinely for sevcr.!l reasons. Firstly, to ensure that the reports 
arc at a consistent level. Secondly, to ascertain that individual monitors are 
monitoring satisfactorily and not experiencing fatigue. When this problem is 
identified. then the monitor should be removed from the panel. and, as suggested by 
the post-monitoring questionnaire. not be asked to monitor again. Thirdly, to identify 
monitors who may not be reliable reporters of odour. The activities reviewed above 
should be undertaken as a matter of course when designing and operating a 
monitoring panel. to ascertain that reports are as valid as possible. Only by ensuring 
the quality of monitoring panel reports. can the development of a framework and 
possibly a future model be undertaken with some confidence. 
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Chapter 10 

The development of a framework for assessing population 
response to odour 

10.1 Introduction 

This thesis is located in the cost benefit framework developed by Longhurst and 
Seaton (1999) discussed in Section 1.2 and illustrated in Figure 1.2. The specific area 
of interest identified in Section 1.2 was identified as the consequences of the 
"delivery" of odour to specific areas. It will be recalled that objective I in Section 1.6 
stated that an attempt would be made to produce a framework for assessing 
population response that would operate within this area of odour impact. It would 
operate alongside long-standing methods of odour impact assessment or prediction, 
such as olfactometry testing, laboratory-based methods such as GC-MS and 
dispersion modelling. It could be used in a complimentary fashion with these 
techniques in an interdisciplinary method of odour assessment. 

There was a great deal of variability identified in the reporting patterns of individual 
members of the monitoring panel. However, when attempting to assess the response 
of a population to odour pollution, it is simplest to assess response by particular 
groupings, such as age or health. These attributes are thOUght to affect olfactory 
ability and therefore could be given different weightings as to how much they affect 
detection levels. This has already been carried out in Chapter 7, when reporting 
intensities were calculated both for individual monitors and groups. Such reporting 
intensities could be produced for assessing the impact of odour pollution across an 
area such as the Marston Vale. This chapter discusses how this could be done by use 
of a population response framework and provides examples. It should be noted at the 
outset of this chapter that there are two problems associated with this research 
activity. The first problem relates to the results from the attribute groupings in the 
panel used in this research. The results from the panel appeared to conflict with what 
is known of olfactory ability from other research. As a result of the literature findings 
the groupings will still be used in the development of the model, but with reservations 
(see 7.3.1 and Chapter 11). The second problem relates to olfactory ability in general. 
It appeared from examination of the reporting intensities of individual monitors that 
there is a huge amount of variability in detection of odours. There were no overall 
patterns identified of individual attributes that appear to influence this variability 
most. Rather, the ability to detect odours appears to be a product of multiple attributes 
acting in tandem. It should be noted, however, that the groupings themselves are 
artificial. It will be recalled from Section 7.2, that there was substantial variation of 
detection of odour, even amongst individuals with the same attributes. For example, it 
will be recalled from 7.2.3 that amongst 18 to 35 year olds, landfill odour reporting 
intensities varied from 0.0 (monitors SJS and BLWG) to 0.209 (monitor NHTC). This 
is a feature that should be addressed by further research, probably through the use of 
panels designed as research instruments to ascertain the interaction of attributes, 
rather than as monitoring panels per se. This would assist with the development of a 
model, not as in the case of this research, a response framework. The variability of 
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response and its consequences for attempts to develop a framework are reviewed in 
Chapter 11. 

In Section 10.2 how reporting intensity values for particular types of individual could 
be calculated from the available data is discussed and examples shown. In other words 
a means of estimating or predicting an individual's or a group of individuals with 
similar attributes exposure to odour is developed. It should be stressed that the 
reporting intensities calculated are predictions or estimates and are not calculated 
values such as those in Chapter 7. In principle such a framework would enable 
interested parties, such as regulatory bodies or odour source operators to estimate 
exposure levels and possible levels of nuisance within a population. Section 10.3 
explains how the population response framework could be used. In Section 10.4, the 
limitations and difficulties encountered with using the framework are reviewed. These 
include the panel design and data produced and the nature of the 1991 Census data. 

10.2 Development of a framework to assess response to odour 

In order to produce a framework to assess response, the reporting intensity values 
obtained from a monitoring panel are used in conjunction with Census data. Below 
are worked examples of how reporting intensities, first referred to in Section 7.2, can 
be used to estimate or predict individuals and groups or settlements most likely or 
least likely to be affected by odour pollution. The first example demonstrates how 
reporting intensities can be used to assess odour impact at settlements. 

To obtain the reporting intensities for each settlement in the Marston Vale, the 
following steps were taken. 

• The total number of reports of all odours and landfill odours made by all the 
monitors were counted. 

• The total number of monitoring days recorded by the monitors were also counted 
• The number of reports was then divided by the number of monitoring days to 

obtain the reporting intensity values for all the settlements. 

So: 
Number of reports = Reporting Intensity 
Number of monitoring days 

An example is shown below: 

Example 1,' Reporting Intensities at different settlements 
The monitors at Cranfield made 121 reports of odour, including 21 reports oflandfill 
odour. They monitored on 356 days. In order to obtain the reporting intensity for all 
odours, the total number of reports is divided by the number of days, 

All odours reporting intensity value: 121 = 0.34 
356 

Landfill odour reporting intensity value: 
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The reporting intensity values for all odours and landfill odours for the settlements are 
shown in Table 10.1. 

Settlement Reporting Total all Total All odour Landfill 
days odour landfill reporting odour 

reports odour intensity reporting 
reports intensity 

Brogborough 142 36 7 0.25 0.05 
Cranfield 356 121 22 0.34 0.06 
Kempston 325 72 12 0.22 0.04 

KempstonH. 231 122 5 0.53 0.02 
Lidlington 254 50 7 0.20 0.03 
MarstonM. 88 78 16 0.89 0.18 
Stewartby 406 177 30 0.44 0.07 
Wootton 339 66 8 0.20 0.02 

Wootton G. 220 74 4 0.34 0.02 

Table 10.1: Reporting intensity values for settlements in the Marston Vale 

The highest reporting intensity values for all odours were at Marston Moretaine, 
Kempston Hardwick and Stewartby. The lowest values were produced at Lidlington 
and Wootton. The highest landfill odour reporting intensity values were produced at 
Marston, Stewartby and Cranfield. This is fairly consistent with the pattern of 
complaints discussed in Chapter 5, where complaints were concentrated at Cranfield 
and Stewartby, although complaints did not arise at Marston or other settlements. 
During the monitoring period, complaints were produced at the following locations. 
First, Rectory Farm (approximately lkm northwest of Brogborough landfill) and, 
second Wood End (roughly equidistant between Marston and Brogborough landfill 
and approximately lkm northeast of Brogborough landfill). Other complaints were 
made at Marston itself. The lowest landfill odour reporting intensity values were 
produced at Wootton Green and Kempston Hardwick. 

Using the same method, the settlements can be divided into groups to identify if the 
location of the settlements influences reporting intensity. For example, they were 
divided into settlements in the west of the vale (Lidlington, Brogborough, Cranfield 
and Wootton Green) and the east (Marston, Stewartby, Wootton, Kempston Hardwick 
and Kempston). The reporting intensities were calculated for each group and are 
shown below in Table 10.2. 

Western Marston Vale Eastern Marston Vale 

Reporting intensity - 0.29 0.36 
all odours 

Reporting intensity - 0.04 0.05 
landfill odours 

Table 10.2: Reporting Intensities for western and eastern settlements 

It can be seen that the reporting intensities for all odours are higher for settlements in 
the east. Additionally, landfill odour reporting intensities are similar for both areas, 
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with the eastern settlements having a slightly higher value. The higher values for the 
eastern settlements are not unexpected as the prevailing wind blows from the south­
west to the north-east and the settlements in the east are downwind of the landfills and 
brickworks. 

Another approach to using this impact assessment method is to group the settlements 
by distance from the nearest landfill site. There were four settlements within 
approximately 2km of a landfill, Cranfield, Kempston Hardwick, Stewartby and 
Wootton Green. There were four settlements within 3km of a landfill, Brogborough, 
Lidlington, Marston Moretaine and Wootton. The reporting intensities for each group 
are shown in Table 10.3. 

The all odour reporting intensities for settlements closest to the landfills were higher 
than those further away. The landfill odour reporting intensities were the same. This 
suggests that distance has no influence on landfill odour impact. However, there is the 
possibility that monitors were confused about the odour source. 

Settlements approx. 2km Settlements approx. 3km 
from a landfill from a landfill 

All odour reporting 0.39 0.29 
intensity 

Landfill odour reporting 0.05 0.05 
intensity 

Table 10.3: Influence of distance from landfill sites on reporting intensities 

The analysis facilitates comparisons between groups where the influence of a single 
component, such as gender or age, has to be identified. This was undertaken in 
Chapter 7, where reporting intensities were calculated for such groups. This procedure 
can also be used to examine the influence of more than one attribute on reporting 
intensity. The reporting intensities for males and females, within each settlement can 
also be obtained. (This is assuming that the literature on gender and olfactory ability 
are correct, and that gender can influence the sense of smell. As mentioned elsewhere 
further research should be conducted to identify if this is so.) Below is an example of 
reporting intensities calculated for males and females at two settlements in the 
Marston Vale. The settlements selected for this example are Wootton and Stewartby. 
The population sizes for each settlement are 3772 and 985 respectively. The numbers 
of males and females for each settlement are shown below (the popUlation sizes and 
numbers of males and females were obtained from 1991 Population Census data). 

Example 2: Reporting intensities by location and gender 
Stewartby 

Population size: 985 
Number of females: 513 
All odour reporting intensity: 0.54 
Landfill reporting intensity: 0.05 

Wootton 
3772 
1836 

0.16 
0.04 

To calculate the total odour reporting intensity value for all odours for females at 
Stewartby, the reporting intensity of female monitors is calculated and multiplied by 
the number of females living at Stewartby. This value is then divided by the total 
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number of people living at the settlement to obtain a weighted average value for a 
reporting intensity value for females living at Stewartby. 
Reporting Intensity value for all odours for females at Stewartby: 

0.54 x 513 = 277.02 = 0.28 
985 

Similarly the reporting intensity value for landfill odours for females at Wootton is 
calculated the same way, as shown below, 

0.01 x 1836 = 18.36 = 0.005 
3772 

The values for females and males at all the settlements were calculated as above and 
are shown in Table 10.4. There were some settlements, Brogborough, Kempston 
Hardwick and Marston Moretaine where no males were present to produce reporting 
intensities. When this occurs, then the reporting intensity for all males on the panel 
could be substituted to provide an estimate of the impact of odour on such 
settlements. 

Settlement Male all odour Male landfill Female all Female landfill 
reporting odour reporting odour reporting odour reporting 
intensity intensity intensity intensity 

Brogborough 0.15* 0.03* 0.14 0.02 
Cranfield 0.07 0.01 0.19 0.03 
Kempston § § § § 

KempstonH. § § § § 
Lidlington 0.16 0.01 0.07 0.01 

MarstonM. 0.16* 0.03* 0.45 0.09 
Stewartby 0.15 0.05 0.28 0.03 
Wootton 0.11 0.02 0.08 0.005 

WoottonG. § § § § . . * EstImates based on general male reportmg mtenSItIes (no male morutors at this 
location) 
§ No population sizes available for this settlement 

Table 10.4: Reporting intensity values for males and females at each location 

The estimated or predicted values in the table suggest that the impact of odour, both 
landfill and in general, do vary at different settlements across the Marston Vale and 
between males and females at these settlements. Conclusions regarding odour 
pollution can be drawn from comparing estimated odour intensity values. For 
example, higher reporting intensity values were calculated for both males and females 
at Stewartby. Females produced higher reporting intensity values for all odours than 
males (0.28 to O.IS respectively). However, landfill odour reporting intensity values 
were similar for both groups (0.03 and 0.05), which suggests that the impact of 
landfill odour on both groups is also similar. 

Once the details of the monitors' reports are to hand it is a fairly straightforward 
process to calculate reporting intensity values for different groups of people, such as 
males and females above. Reporting intensity values can be calculated for groups with 
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more attributes, such as males of different age groups or females aged 18 to 35 who 
work full-time. Examples of such calculations are presented in examples 3 and 4. 
Example 3: Reporting intensity by gender and employment pattern 
The reporting intensities for males and females who worked full-time or part-time or 
who were economically inactive were calculated. This was done by taking all 
monitors in each category and, using the method discussed above, obtaining the 
reporting intensity value for that category. For example, the reporting intensity value 
for male monitors who were economically inactive was calculated as follows, 

There were three monitors in this group - KBS, PCW and JSW. 
Total number of days = 83 + 86 + 91 = 260 
Total all odour reports = 33 + 31 + 11 = 75 
Total landfill odour reports = 14 + 5 + 1 = 20 

Reporting intensity for all odours: 75 = 0.29 
260 

Reporting intensity for landfill odours: 20 = 0.08 
260 

Table 10.5 shows reporting intensities for all employment groups by gender. 

Full-time Part-time Economically inactive 
Female 0.48 0.16 0.48 

all odour intensity 
Female 0.04 0.01 0.11 

landfill intensity 
Male 0.31 * 0.29 

all odour intensity 
Male 0.04 * 0.08 

landfill intensity 
• No males on the morutonng panel worked part-tIme 

Table 10.5: Reporting intensities based on gender and employment group 

Such calculations show how employment pattern and gender influence reporting 
intensity values. Comparisons are possible between females with differing working 
patterns and between males and females with differing working patterns. It can be 
stated that whilst females working full-time and those who were economically 
inactive produced the same reporting intensity values for all odours (0.48). However 
economically inactive females produced a higher reporting intensity for landfill 
odours compared to females in the other occupation groups (0.11 compared to 0.04 
for full-time workers and 0.01 for part-time workers). Males produced lower reporting 
intensity values for both types of odour for both employment categories, other than 
landfill odour intensity for full-time workers where the value was the same for both 
males and females (0.04). These values can be used in conjunction with census data as 
in example 2. So if a comparison between males and females with different 
employment backgrounds at Brogborough were required, they could be calculated. 

Numbers of females in each employment category living at Brogborough: 
Full-time employment: 58 
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Part-time employment: 27 
Economically inactive: 32 
Number of males in each employment category living at Brogborough: 
Full-time employment: 86 
Part-time employment: 0 
Economically inactive: 13 

Calculating full-time females reporting intensity value for all odours 
58 x 0.48 = 27.84 = 0.09 

322 

If the calculations are repeated for the other groups, the following results for females 
at Brogborough are obtained, 

Full-time Part-time Economically 
employment employment inactive 

Female 0.09 0.01 0.05 
all odour intensity 

Female 0.01 0.00 0.01 
landfill odour 

intensity 
Male 0.08 * 0.01 

all odour intensity 
Male 0.01 * 0.00 

landfill odour 
intensity .. * no males hvmg at Brogborough work part-time 

Table 10.6: Reporting Intensity values for females in different employment 
categories at Brogborough 

The reporting intensity values indicate both males and females that work full-time 
produce higher reporting intensity values than any other group at Brogborough for 
both all odours and landfill odours. Interestingly, economically inactive males 
produce lower reporting intensity values than females. 

This example illustrates a problem with the monitoring panel in the form used for this 
research and that is there were categories where no monitors were available, such as 
males who worked part-time. This led to categories where reporting intensities could 
not be calculated. This is discussed further in Section 10.4. 

Example 4: Reporting intensity by gender, employment pattern and age 
In a similar fashion to example 3, it is possible to calculate reporting intensities for 
three attributes, such as gender, employment and age. In this example, reporting 
intensity values are shown for each group and then are used to calculate reporting 
intensities for these groups at Brogborough. It should be noted that, as with example 
3, there are missing values due to the panel not containing monitors with a particular 
combination of attributes. For example, there were no monitors who were male aged 
between 18 to 35 who were economically inactive. Below is an example of how the 
reporting intensity for all odours for economically inactive females aged between 18 
and 35 was calculated: 
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Two females fell into this category - VHB and NHTC 
Total number of monitoring days: 85 + 91 = 176 
Number of all odour reports: 35 + 69 = 104 
Reporting intensity for all odours: 104 = 0.59 
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Reporting intensities calculated for all groups where possible are shown in Table 10.7. 

Males Females 
Full-time Part-time Econom. Full-time Part-time Econom. 

Inactive Inactive 
18-35 0.25 * * 0.6 0.08 0.59 

all odour 
landfill 0.18 * * 0.06 0.00 0.15 
odour 
36-45 0.65 * * 0.57 0.14 * 

all odour 
landfill 0.02 * * 0.01 0.00 * 
odour 
46-55 0.26 * 0.12 0.38 0.27 0.09 

all odour 
landfill 0.06 * 0.03 0.03 0.03 0.03 
odour 
56+ 0.13 * 0.38 * * 0.91 

all odour 
landfill 0.02 * 0.11 * * 0.18 
odour 

* values could not be calculated as no momtors fell mto this category 
Table 10.7: Reporting intensity values by age, gender and employment category 

The estimated values from Table 10.7 are then used to calculate reporting intensities 
for each monitor group. For example, the reporting intensity for all odours for females 
aged 18 to 35 living at Brogborough who work full-time, 
There are 23 females in this category. 

23 x 0.6 = 13.8 = 0.04 
322 

The estimated reporting intensity values for each category were calculated and are 
shown in Table 10.8. 

If the population structure at Brogborough was different then this would affect the 
reporting intensity values. If there were twice as many women in the 18 to 35 age 
group who worked full-time (46 instead of23), the reporting intensity for the group 
would also double to 0.09, as shown below, 

46 x 0.6 = 27.6 = 0.0857 = 0.09 
322 
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Females Males 
Full-time Part-time Econom. Full-time Econom. 

Inactive Inactive 
18-35 0.04 0.00 0.03 0.03 * 

all odours 
landfill odour 0.00 0.00 0.01 0.02 * 

36-45 0.02 0.00 0.00 0.05 * 
all odours 

landfill odour 0.00 0.00 * 0.00 * 
46-55 0.02 0.00 0.00 0.01 0.00 

all odours 
landfill odour 0.00 0.00 0.00 0.00 0.00 

56+ 0.00 0.00 0.03 0.00 0.00 
all odours 

landfill odour *0.00 0.00 0.01 0.00 0.00 .. * reportmg mtensltles could not be calculated for thIS category 
Table 10.8: Reporting intensities based on gender, age and employment category 

at Brogborougb 

This is only one example of how the framework can be used to assess impact on 
changes to popUlation numbers. It facilitates comparisons of odour impact between 
different settlements and between different types of people found at those settlements. 
Highly specific groups can be selected, for example female aged over 56, who are 
retired, who smoke and who have health problems and their reporting intensities 
calculated. It is also sufficiently flexible to take into account population changes as in 
the last example shown above. 

10.3 Use of the proposed population response framework 

It will be recalled from Section 1.2 that this research is located within the wider 
sphere of landfill management, impact on communities and the concerns of regulatory 
bodies. This sphere also contains aspects such as landfill management, waste 
decomposition and odour emission, dispersion and transformation and evaluation of 
loss of amenity. One of the objectives of the research, objective 1, proposed the 
development of a population response framework. The response framework was also 
visualised as being used at part of an interdisciplinary method of odour pollution 
assessment where these aspects are assessed together. The framework would be 
introduced through the data derived from a monitoring panel, such as the one used in 
this research. On the basis of the results, estimated reporting intensities could be 
produced for individuals at specific locations and with particular attributes or 
combinations of attributes. Calculations of estimated reporting intensities for different 
settlements were carried out in Section 10.2 and examples provided. For example, 
Table 10.1 shows reporting intensities for the nine settlements where monitors were 
located. It can be seen that Marston Moretaine produced the highest reporting 
intensity for overall odours and for landfill odour. Stewartby also produced high 
intensities for both odour types. This would suggest to a landfill operator or a local 
authority that this is where there is likely to be the greatest impact of landfill odours. 
The landfill operator or authority could use dispersion models to identify if these 
areas would indeed experience greater levels of odour pollution and how frequently. 
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Measurement of emissions of odour at source could be attempted and these data, 
along with local meteorological data could be used in conjunction with the 
framework. Data from the source could be used in a dispersion model. The dispersion 
model would provide estimates of areas likely to be adversely affected by odour 
pollution, perhaps also the odour concentrations involved, and the numbers of hours 
odours would be present for example over the course of six months or a year. A 
monitoring panel would provide detail on the intensity of odours detected away from 
the site and the times and duration of odour events. As mentioned earlier, a dispersion 
model will provide predictions of the overall length of time odours may be present, 
but a panel could provide information on times of day when odours are detected and 
possibly the duration of odour events. The panel would be providing information at 
the point of odour delivery that could compliment data derived from the source. 
Operators at the landfill could take into account wind direction and speed when 
undertaking activities known to be likely to lead to odour release, such as trench 
excavation, or realise the importance of quickly rectifying problems that may lead to 
odour release, such as flares going out. They could also identify times of day when 
detection is most likely and, where possible avoid carrying out operations that may 
lead to odours being released and detected. Ifthey could identify sensitive areas, then 
they could manage their operations sensitively also. The use of monitoring panels in 
conjunction with physical measurement and modelling would result in an 
interdisciplinary method being implemented. 

As a population changes, for example if new housing development took place and a 
population expanded, the framework could estimate level of detection and impact. It 
could also take into account changes in population structure, such as an influx of 
younger or older people. As shown in example 4 above, it was also shown how the 
framework could take into account changes to the structure of a population, for 
example an influx of females to Brogborough was used. The example indicated how if 
the number of females doubled how the reporting intensity for that group would 
double also. It may be possible for an operator or authority wished to use the 
framework derived in one area in another. It would be possible to take population data 
from the latest census in tandem with reporting intensities calculated elsewhere, and 
use this information to estimate likely reporting intensities of different members of the 
population and by doing this identify settlements with the greater or lesser impacts. 

It became apparent during the research that the response framework could also be put 
to a second use. The model would provide estimates or predictions of the impact of 
odour on individuals and groups of people found within the populations of different 
settlements. These reporting intensities could also be used to compare the experience 
of individuals and groups against other groups. This ability to compare the differences 
in detection levels could be useful in attempting to link studies into differences in 
olfactory ability to the ''real world". This was also demonstrated in Section 1 0.2. 

For example, examining the reporting intensities obtained for males and females 
within specific employment groups (Table I 0.5), it can be seen that females within 
the economically inactive group produced a reporting intensity of 0.48 and males 
0.29. It can be predicted that economically inactive females in the Marston Vale will 
experience higher levels of detecting odour than their male counterparts. This 
suggests that they may be more sensitive to odours or find themselves in situations 
where they are more likely to detect odours. Researchers with an interest in olfactory 
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ability or exposure to pollution could use panels and reporting intensities to gain 
greater insight into how olfactory ability and lifestyle may influence exposure and 
detection levels. 

10.4 Difficulties encountered with developing the response framework 

The difficulties encountered when using the framework fell into two categories. 
Firstly, those associated with the nature of the Census data, and secondly, those 
associated with the structure of the monitor panel and the intensity values produced. 

The Census data provided information on population sizes of settlements, the numbers 
of males and females and numbers of individuals in different employment categories. 
The data did not provide information on the numbers of smokers or individuals with 
health problems. Health problems had been identified in the panel as affecting 
reporting intensity. Smoking had produced reporting intensity values at variance with 
the literature. However as stated in Section 10.1, it was decided to continue using 
groups with unclear results in order to give a feel for how the framework was 
developed and what kind of predicted/estimated values would be produced. It was not 
possible to generate estimates of reporting intensities for smoking/non-smoking and 
healthy/non-healthy groups. No examples using these factors could be calculated. 
Also, separate data for Wootton Green, Kempston Hardwick and the southern part of 
Kempston (which was selected for the panel) were not available. The data for all of 
Kempston were available, but this would have entailed estimating the population size 
ofthe area covered by the panel, which was not satisfactory. Similarly, Census data 
for the other two settlements fell into the "Kempston Rural" category, which would, 
again, have entailed estimating population sizes. 

Other difficulties arose with the structure of the monitor panel. The panel was smaller 
than desirable and the numbers of monitors at some settlements were too small. This 
was particularly the case with Marston Moretaine, where there was only one monitor 
present. It was unfortunate that this was the case as Marston was at a potentially 
significant location, being approximately 2.5km equidistant from the two landfill sites 
and being approximately 2.5km away from the brickworks. The monitor, MHMM that 
was present at this settlement produced a substantial number of reports. However, it 
was not clear if this exceptional, her being sensitive to odour or a reflection of the 
normal level of odours at Marston. Similarly, having only female monitors at 
Brogborough resulted in it not being possible to generate estimated reporting 
intensities for males. 

Similarly, the small size of the monitoring panel produced comparatively few reports 
to work with (111 landfill odour reports over 3 months). The monitors were unevenly 
spread across the Vale and the panel structure was such that some groups were 
underrepresented, for example males, individuals with health problems and older 
individuals. In order for a panel to be representative of a population and for it to 
produce sufficient reports, it would have to be larger with all the problems of 
management and data analysis it would entail. Due to these limitations, the 
development of the model was not wholly successful. However the research activity 
did illustrate how a response framework could be developed. 
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Chapter 11 

Assessment of Community Response to odour: 

Conclusions, recommendations and contribution to 
knowledge 

11.1 Introduction 

The research process was focused on producing a means of assessing the population 
response to or its "receptivity" to odour pollution (Section 1.2). It will be remembered 
that this concept was utilised by Longhurst and Seaton (1999) in their paper on 
engineering issues associated with the landfill site and communities affected by 
landfill odour. The research question raised in Section 1.6 was 

"To what extent do physiological, lifestyle and locational/actors influence exposure 
and response to landfill odour?" 

The overall research objectives related to this question were, 

• Objective I: To identify attributes influencing the exposure and response to odour 
within a community. These attributes could then be included in a population 
response framework that could be used to identify communities and members of 
communities at more or less risk of exposure and response to odour. Then go on to 
indicate how this framework could be used in the assessment and measurement 
process. 

This objective was based on the next two objectives, 

• Objective 2: To measure and demonstrate the variability of response within a 
population exposed to odour. It will be shown this variability arises from several 
key components, namely physiology, psychology and lifestyle. These components 
were shown to be influential in the individual's experience of odour. 

• Objective 3: To measure and demonstrate how temporal and spatial factors also 
contribute to the exposure of individuals to odour pollution. 

Objectives 2 and 3 would facilitate the development of the framework identified in 
objective 1. The objectives generated questions pertaining to the key components 
(summarised in Figure 4.1) and the community and individual experience of odour 
(see Section 4.2). These were as follows: 

• How do personal factors, such as age or health affect the exposure and response 
levels of odour an individual can experience? 

• How does an individual's lifestyle and behaviour influence their exposure and 
response to odour? 
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• How do temporal and spatial factors influence exposure and response to odour? 

These questions drove the analysis of data from the pilot monitoring panel and the 
odour-monitoring tree. On the basis of the analysis and the tree, the questions were 
further broken down in Table 5.4 in Section 5.2, reproduced below in Table 11.1. 

Result from pilot study and data analysis Question raised 
Settlements affected by different odour 1. Does this arise due to environmental 
types factors, such as location? (Chapters 3 

and 4) (see Chapter 8) 
2. Is it a result of the type of monitor 
and their lifestyle found at each 
location? (Chapter 2) (see Chapters 7 
and 8) 

Peak reporting times 3. Does this arise due to operational 
factors on site? (Chapter 4) 
4. Does this arise due to monitor 
lifestyle? (Chapter 2) (see Chapter 7) 

Variation in number of days reports were 5. Is this due to monitor behaviour? 
made and the number of reports For example work patterns, length of 

time spent outside (Chapter 2) (see 
Chapter7) 

Variation in reports made by different age 6. Is this due to the locations where 
groups different monitors live? (Chapters 3 

and 4) (see Chapter 8) 
7. Is it due to age alone? (Chapter 2) 
(see Chapter7) 
8. Is there interplay of other factors, 
for example age and location, lifestyle 
(Chapters 2 and 3) (see Chapter7) 

Variations in reports made by gender 9. As with results from age groups, is 
the result seen the product of 
gender?(Chapter 2) (see Chapter 7) 
10. Is it the result of other factors, such 
as location, age? (Chapter 2) (see 
Chapters 7 and 8) 

Possible variation in other groups such as 11. Due to the different report patterns 
smokers and non-smokers due to age and gender, was there other 

attributes such as health which may 
influence exposure levels? (Chapter 2) 
(see Chapter 7) 

Table 11.1: Summary of questions raised from analysis of pilot study data 

It can be seen that these detailed questions identify spatial and temporal factors and 
personal attributes that affect odour detection and link directly to the research 
objectives. The panel was introduced in an attempt to answer these questions. It other 
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purpose was to serve as a source of infonnation that could fonn the basis of assessing 
population response. Results obtained from the odour-monitoring panel were used to 
calculate reporting intensity values (Chapters 7 and 8). These values were obtained by 
nonnalising the number of reports of odour against the number of days each monitor 
were active. These values facilitated comparisons of response levels between different 
monitors or types of settlement. The concept of reporting intensity was then used as 
the basis of the population response framework. 

11.2 The monitoring system 

Drawing together infonnation from Chapters 7,8 and 9, it is possible to review the 
perfonnance of the panel used in this research and its effectiveness and limitations. 
The panel demonstrated the variation in exposure on the level of the individual, 
groups and communities. 

The design of the monitoring panel was appropriate for demonstrating the variability 
of response to odour across a popUlation, which arises from various personal 
attributes, such as health, occupation and location (Objectives 1 and 2). The panel 
facilitated the production of a population response model (Objective 3). 

The research highlighted how an odour monitoring panel could be designed and 
constructed, and how, using the results from such a panel could be used to generate a 
population response framework. The results are summarised below. The design and 
management of such a panel fonned a major part of the research activity. 

• Reviewing the results from Section 7.3, it is apparent that individuals can vary 
substantially in their exposure to odours 

• Similarly, the reporting intensities of different groups based on health, age and 
employment pattern varied (see Section 7.2). This was anticipated to a certain 
extent by other research reviewed in Chapter 2. There were agreements with 
research findings, notably the lower reporting intensities produced by individuals 
with health problems, but there were also discrepancies. Smokers for example 
produced consistently higher reporting values than other groups and there was no 
significant differences observed in reporting patterns between males and females. 
This would not have been expected from the literature, although there are some 
disagreements between researchers (see Section 2.2). Such disagreements are 
perhaps a reflection of the difficulty of olfactometry testing which researchers 
sometimes refer to (see Sections 3.2 and 3.3). Undoubtedly, further work should 
be undertaken to clarify what the effects of such attributes on olfactory ability are. 

• The results from the panel identified locations that are more or less likely to 
experience odour pollution notably landfill odour pollution 

However the limitations of the panel and its results were extremely useful in 
providing insights into design, development and management of the monitoring panel. 
The limitations were identified as follows. 
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• The distribution of monitors across the Marston Vale, the numbers of monitors 
within different attribute groups and the size of the panel itself produced results 
which were not in keeping with what would have been anticipated from the 
literature 

• Testing for the ability to discriminate odour pleasantness or unpleasantness was 
not undertaken. Odour hedonics could be an important factor in detection and 
annoyance levels. Therefore it is a recommendation that such testing, in the 
context of separate research, should take place to gain as much insight into odour 
impact as possible. 

There are a number of clearly identified steps involved in the construction of an 
odour-monitoring panel. These can be divided into three categories. 

Introduction of a panel: 

• The first step involves ascertaining the extent of the impact of odour pollution. 
This could be done through use of a social survey in the local community in 
conjunction with the use of a dispersion model to identify areas likely to be 
affected by pollution. 

• On the basis of the findings of the initial activity, the panel structure can be 
designed. Locations of monitors can be selected and the types of individual who 
would be required to make up the panel, according to the different response types 
demonstrated or implied by this research. 

• Recruitment and training of prospective monitors should be undertaken. An 
important feature ofthis research has been the olfactory testing undertaken at the 
beginning of monitoring. 

Panel design: 

Secondly, the design and implementation of the odour monitoring panel itself. This 
would include a number of steps. A review of literature would enable researchers to 
identify individuals who may be more or less likely to detect odours. This was 
undertaken before the organisation of the panel for this research. The groups included 
gender, age groups, health and employment pattern. The findings ofthe panel were 
based on the attribute groupings. 

Panels organised in the future can include the same groups, such as gender, health or 
working pattern identified in this research. There were areas where the results were 
inconclusive or contradictory. Once the use of a monitoring panel was decided upon 
the following steps should be taken. 

• The size of the panel would be decided upon. 

• Olfactory testing should be undertaken to identify individuals with problems with 
their sense of smell. This would include identification of anosmics and individuals 
that may attach unusual descriptions to odours. Similarly, information on aspects 
of the volunteers' background should be obtained. 

• Consideration should be given to whether certain volunteers should be used, such 
as those with health problems. 
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Panel management: 

• The monitors' reports should be produced in as uniform as possible. 
• Recording monitors reports in a database to enable easy extraction of information 

of interest and to facilitate reliability checking. 

• Monitors reports are then compared against wind direction and speed. The reports 
were also validated against each other using classifications of cloud and visibility. 
Report validation was important to identify monitors who could be introducing 
inaccuracies into the database. 

• Periodic examination of monitors reports to identify individuals who could be 
suffering from monitoring fatigue or other sources of inconsistency. It should be 
remembered that new monitors appear to be likely to produce slightly higher 
levels of reports at the outset of monitoring and therefore time should be allowed 
for their reporting patterns to "settle". Similarly, long-term monitors can appear to 
experience monitoring "fatigue" whereby the numbers of their reports fall after a 
period of time. Therefore there should be a review of monitor performance over 
the long-term to identify monitors with this fatigue and remove them from the 

panel. 

11.3 Collation of main activities and findings 

The main activities consisted ofthe following, 
• Use of a dispersion model, UK-ADMS. Such models can predict areas likely to be 

affected by pollutants and an overall number of hours odour will be present. 
However, as the focus of this research was "receptivity" or response to odour at 
the community level, the work with the model was sidelined (Section 4.3) 

• Analysis of data from a social survey (1993) and pilot study data derived from an 
early monitoring panel (Sections 4.5,5.2 and 5.4). 

• Development of the odour monitoring tree, a conceptual tool which clarified the 
circumstances surrounding exposure to and detection of odour (section 5.3). 

• These activities led to the development of the research question and objectives 
(Section 1.6), and the specific questions identified initially in Table 5.4 (and 11.1) 

(Section 5.2). 
• Development and introduction of redesigned odour monitoring panel (Chapter 6) 
• Analysis of monitoring panel data on the basis of individuals (Section 7.2), groups 

based on attributes (Section 7.3) and spatial and temporal factors (Chapter 8). 

• Identification of how data reliability could be assessed (Chapter 9). 
• Demonstration of how a population response framework could be developed 

(Chapter 10). 

The findings of the research were as follows, 

• There was substantial variation in reporting intensities on the level of the 
individual. 

• There were no apparent similarities in reporting intensity levels in monitors with 
the same attribute, such as location, working pattern or age. 
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• Certain settlements, such as Stewartby, were identified as experiencing landfill 
odour more frequently than others. Similarly, reports were most common at 
particular times (8-9am, 2-4pm and - 7pm). 

• Hedonic properties were not as clear cut as in laboratory based experiments. 

11.4 The contributions of the research 

• The thesis develops the case that any assessment procedure examining the impact 
of pollutants must include all stages of the process of impact, from source and 
emission to dispersion to reception in an interdisciplinary method of assessment. It 
must also include data on the exposure levels of individuals in affected areas. The 
assumption that response is homogeneous across a community is incorrect. This 
receptivity within a community must be included in the assessment process ifthe 
extent of loss of anlenity and costs to the operator are to be fully realised. This is 
illustrated in the detail from Figure 1.2 below. 

PHYSICAL & SOCIAL RESPO 'SE AT DESTINATION OF GAS - " ODOUR EVENTS" 

Costs alld bellefits o/Ialldfill 
mallagemellt optiolls 

and intensity 
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Time, 
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intensity of 

odiferous gas at 

Spatial and temporal 
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with a range of physical 
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gases 

Figure 11.1: Detail of adapted model from Longhurst and Seaton (1999) 
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The demonstration of how estimating exposure of individuals or communities to a 
pollutant, such as odour, can be included in the assessment process by development 
of a population response framework. This model can indicate the extent of impact 
on members of communities or facilitate comparisons of impact between differing 
areas or settlements. 

• That such a framework could provide a link between variability of response to 
odour demonstrated by olfactometry and the experience of odour in the general 
environment. It could be adapted for use in other studies relating to other 
pollutants, providing links between experimental data in the laboratory and 
exposure and response in the environment as illustrated in Figure 11.2. 

Laboratory-based 
Olfactometry trials 

Knowledge of variability 
of response 

Utilised by 

Population 
response 

framework 

Field-based emissions 
measurement 

Dispersion modeling 
Impact studies 

facilitates better 
understanding of 

/ 

Figure 11.2: The linkage between olfactometry and emissions measurement and 
dispersion facilitated by the population response framework 

• That the research has also addressed a number of technical issues. It has 
demonstrated how a monitoring panel can be developed and operated in a coherent 
fashion . It has illustrated the need for studies to be undertaken to identify the 
experience of odour hedonics in the field. It has developed a method of how odour 
dispersion, location and people can be linked together. 
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11.5 Comments on the development of a population response 
framework 

Objective 1 stated that an attempt would be made to produce a community based 
population response framework. The panel used in the research can, in some ways, be 
seen as a means to an end to producing such a framework. It must be stressed that, 
while the framework could be developed and its uses identified, it is a basic 
instrument, with limitations. It was noted in Sections 7.2 and 10.1 that there was 
substantial variation in the detection levels of individuals on the monitoring panel. In 
the categories examined in Section 7.2, it became apparent that even within groups 
with the same attribute, such as health, age or employment pattern, there was immense 
richness in the variation of response. This is probably the case as a result of the ability 
to detect odour being a product of more than one attribute acting in tandem. 
Recognition of this interaction and an attempt to identify it would be necessary to 
develop a response model from the framework presented in this thesis. As stated in 
Section 10.1, this indicates further research into olfactory ability and factors that 
affect it will have to be undertaken. 

As variability on the scale of the individual is so great, it would indicate that "forcing" 
individuals into attribute groupings, such as those in Section 7.3, is oversimplifying a 
complex phenomenon. It could be stated that such groupings are artificial and any 
data from attribute groups are extremely limited. The limitation ofthe panel design, 
its small size and the number of reports produced were major factors in the difficulties 
encountered with the development ofthe model. This would indicate that the 
population response framework is also limited, being developed from such data. Many 
models do have limitations, some more than others. This thesis has reviewed 
limitations of other attempts to model population response (see, for example 3.4.1 and 
discussion of the model produced by Clarenburg 1987) or attempts to model 
dispersion of pollution (see Section 3.3). This does not mean that they are not useful, 
merely that when they are utilised their limitations should be borne in mind. 
Limitations certainly apply to the population response framework developed in this 
research. Indeed the research activity could be seen as demonstrating how response 
could be assessed rather than developing a specific framework or model. It is flawed 
and based on manipulating data into artificial categories. It could be concluded that 
such a framework is so limited that, in fact a major contribution of knowledge of this 
thesis is that such an approach can not be attempted. In order to overcome these 
limitations, the panel from which data for model development would have to be much 
larger, more information on monitors known, and more rigorous testing of olfactory 
ability would be necessary. Indeed, identification of the effects of attributes on 
olfactory ability is vitally important before a community response model can be 
developed and adopted. This research did demonstrate that there may be discrepancies 
between the literature and what actually occurs in the real world, for example the 
results derived from males and females in the panel revealing no difference in the 
levels of response. Arguably, therefore a framework such as the one developed in this 
research is not a viable proposition and illustrates how not to attempt to model 
response! However this does not detract from the need for a model of some kind to be 
developed that could be used in interdisciplinary studies. Another means of tackling 
assessment of the response of a popUlation to odour pollution could be adopted. 
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This research activity led to the realisation that there was a "knowledge gap" in the 
odour assessment process. This related to "receptivity". In order to obtain an estimate 
of odour impact on settlements and individuals, an interdisciplinary method using 
knowledge and techniques from all three areas should be combined. A thorough 
understanding of the source and physical environment, combined with instrument 
based methods, such as olfactometry and dispersion modeling, and a popUlation 
response framework or potential model of some form would lead to a thorough 
understanding of impact. 

11.6 Recommendations for further research 

A central part of the research activity involved the development, introduction and 
management of an odour-monitoring panel. It was hoped to demonstrate the variation 
in exposure and response to odour throughout a community. The causes ofthis 
variation proposed as the personal attributes of individuals, such as their age, health, 
employment pattern and location. It was noted that during many odour impact studies, 
this variability is not taken into account, but that there is an assumption that exposure 
and response will remain the same across individuals and communities. Odour impact 
may be subtler in its effects, and require inclusion of data on community exposure. 
Below the recommendations from this research are highlighted. 

• To undertake further research into how attributes identified in this thesis affect 
exposure and response to odour and how they interact. It was notable that, for 
example, gender did not seem to affect response levels, although much research 
stated that this should be the case. It is important therefore to identify what the 
influences of gender are on olfactory ability not only in the laboratory, where most 
research is undertaken, but also in the general environment, where odour pollution 
occurs. 

• To refine and develop the monitoring system. As mentioned elsewhere in the 
thesis, there were a number of shortcomings identified with this procedure. For 
example, more detailed testing of olfactory ability to identify those individuals 
with idiosyncratic sense of smell. Screening individuals before monitoring to 
identify their opinions of odour sources involved in such studies so that they do 
not produce fictitious reports. The use of local weather data collected in a similar 
environment to where monitors live to ensure that validation of reports is carried 
out on a more satisfactory basis (see Sections 9.2,9.6 and 9.8) . 

• Planners and regulators dealing with landfill sites could use an interdisciplinary 
method of odour assessment in order to address the problem of assessing odour 
nuisance, as well as a guide to predicting impact in planning applications 
pertaining to landfills. 

• Attempts to model individual and community response could be made in other 
areas of pollution assessment. Opportunities for further research could be 
developed to consider the combined social and epidemiological impacts of other 
pollutants. 
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• Attempts to model individual and community response could be made in other 
areas of pollution assessment. Opportunities for further research could be 
developed to consider the combined social and epidemiological impacts of other 
pollutants. 

181 



References 

Ahlstrom R., Berglund 8., Berglund u., Engen T. and Lindvall T. (1987) "A 
Comparison of Odor Perception in Smokers, Nonsmokers and Passive Smokers" 
American Journal of Otolaryngology, vo1.8, ppl-6. 

Amoore 1. "Effects of chemical exposure on olfaction in humans" In Toxicology of 
the Nasal Passages (Ed. Barrow C.S.) Hemisphere Publishing Company, Washington 
D.C. (1986) 

Atlas E.L., Li S-M, Standley L.J. and Hites R.A "Natural and Anthropogenic Organic 
Compounds in the Global Atmosphere" In Global Atmospheric Chemical Change 
(Eds. Hewitt C.N. and Sturges W.T.) Elsevier Science publishers Ltd., London (1993) 

Baker J.M., Peters C.J., Perry R. and Knight C.P.V. (1984) "Odour Problems 
Associated with Solid Waste Disposal" Public Health Engineering, vol. 12, pp 115-
118. 

Baker L. and Mackay K. (1985) "Screening models for estimating toxic air pollution 
near a hazardous waste landfill" Journal of the Air Pollution Control Association, 
vo1.35, ppl190-1195. 

Ball S. and Bell S. Environmental Law. Blackstone Press, London (1992). 

Boubel R. W., Fox D.L., Bruce-Turner D. and Stern A Fundamentals of Air Pollution. 
Academic Press, San Diego, California (1994). 

Bruvold W.H., Rappaport S.M., Wu T.C., Bulmer B.E., DeGrange C.E. and Kooler 
J.M. (1983) "Determination of nuisance odor in a community" Journal of Water 
Pollution Control, vo1.55, pp229-233. 

Boyce N. (18/7/1998) ''The demon drink" New Scientist, vo1.l59, ppI8-19. 

Cain W.S. and Moskowitz H.R. "Psychophysical Scaling of Odor" In Human 
Responses to Environmental Odors (Eds. Turk A, Johnston J.W. and Moulton D.G.) 
Academic Press, New York (1974). 

Cain W.S. (1980) "The Case against Threshold Measurement of Environmental 
Odors" Journal of the Air Pollution Control Association, vo1.30, ppI295-1296. 

Campbell DJ.V. "Environmental Management of Landfill Sites" Proceedings of the 
Water and Environmental Management International Conference, April 28-30 1992, 
Birmingham, UK. 

CederlofR., Friberg L., Jonsson E., Lennart K. and Lindvall T. (1964) "Studies of 
annoyance connected with offensive smell from a sulphate cellulose factory" Nordisk 
Hygienisk Tidskrift, vo1.45, pp39-48. 

182 



Cheremisinoff P. Industrial Odor Control. Butterworth-Heinemann, Oxford (1992). 

Clarenburg L.A. "A Mathematical Approach to Perception and Nuisance" In 
Environmental Annoyance: Characterisation, Measurement and Control (Ed. Koelega 
H.S.) Elsevier Science Publishers B.V., Amsterdam (1987) 

Craik K.H. "Environmental Perception and Environmental Annoyance: Issues of 
Measurement and Interpretation" In Environmental Annoyance: Characterisation, 
Measurement and Control (Ed. Koelega H.S.) Elsevier Science Publishers B.V., 
Amsterdam (1987). 

Crawford IF. and Smith P.G. Landfill Technology. Butterworths, London (1985). 

Department of the Environment (1991) Waste Management Paper number 27 The 
Control of Landfill Gas. 

Diaper J. "Odour Potential and Annoyance" In Environmental Annoyance: 
Characterisation, Measurement and Control (Ed. Koelega H.S.) Elsevier Science 
Publishers B.V., Amsterdam (1987). 

Dobson P. "What a Stinker" The Independent on Sunday, pp32, 22 December 1996. 

Dodd G.H. (1980) "Why some can smell and others can't" Cosmetic World News. 
vol.68, pp 1 O. 

Dravineks A. "Threshold of smell and Measurement" In Industrial Odor Technology 
Assessment (Eds. CheremisinoffP. and Young R.) Ann Arbor Science Publishers 
Inc., Ann Arbor, Michigan (1975). 

Dravineks A. and Prokop W. (1975) "Source Emission Odour Measurement by a 
Dynamic Forced Choice Triangle Olfactometer". Journal ofthe Air Pollution Control 
Association, vo1.25, pp 28-33. 

Duce R.A., Mohnen V.A., Zimmerman P.R., Grosjean D., Cautreels W., Chatfield R., 
Jaenicke R., Ogren A., Pellizzari E.D. and Walllace G.T. (1983) "Organic Material in 
the Global Troposphere" Reviews of Geophysics and Space Physics, vo1.21 , pp921-
952. 

Elsom D. Atmospheric Pollution. Blackwells, Oxford (1992). 

Emmett E.A. (1976) "Parosmia and Hyposmia induced by solvent exposure" British 
Journal of Solvent Exposure, vol.33, ppI96-198. 

ENDS Report "EA clampdown on landfill flare emissions" issue 276, ppl0, January 
1998. 

Engen T. The Perception of Odors. Academic Press, New York (1982). 

183 



Engen T. "Use of Smell in Detennining Environmental Quality" In Indicators of 
Environmental Quality (Ed. Thomas W.A.) Plenum Press, New York (1972). 

Farquhar G.J. and Rovers F.A. (1973) "Gas Production during Refuse 
Decomposition" Water, Soil, Air Pollution, vol.2, pp483-495. 

Flesh RD. and Turk A. "Social and Economic effects of Odors" In Industrial Odor 
Technology Assessment (Eds. CheremisinoffP. and Young R.A.) Ann Arbor Science 
Publishers Inc., Ann Arbor, Michigan (1975). 

Furuseth OJ. (1990) "Impacts of a Sanitary Landfill: Spatial and Non-spatial Effects 
on the Surrounding community" Journal of Environmental Management, vol. 3 I , 
pp269-277. 

Goldsmith J.R Health and Annoyance Impact of Odor Pollution. California State 
Department of Health Report (PB-25I 169). Prepared for National Environmental 
Research Center, North Carolina, U.S.A. (report number EPA-650/1-75-001) October 
1973. 

Hackney J.D., Linn W.S Karuza. K.S. Buckley R.D., Law D.C., Bates D.V., Hazucha 
M., Pengelly L.D. and Silvennan F. (1977) "Effects of Ozone Exposure in Canadians 
and Southern Californians" Archives of Environmental Health, vol.32, pp II 0-116. 

Hadfield L. (1997) "Emergent Techno-Environmental Phenomena" Ph.D. Thesis, 
International Ecotechnology Research Centre, Cranfield University. 

Haring H.G. "Vapour Pressures and Raoult's Law Deviations in Relation to Odour 
Enhancement and Suppression" In Human Responses to Environmental Odors (Eds. 
Turk A., Johnston J.W. and Moulton D.J.), Academic Press, New York (1974). 

Harssema H. "Characterisation of Exposure in Odour Annoyance Situations" In 
Envirorunental Annoyance: Characterisation, Measurement and Control (Ed. Koelega 
H.S.). Elsevier Science Publishers B.V., Amsterdam (1987). 

Hellman T.M. "Measurement of Odours" In Industrial Odor Technology Assessment 
(Eds. CheremisinoffP. and Young R) Ann Arbor Science Publishers Inc., Ann Arbor, 
Michigan (1975). 

Hesketh H.E. and Cross F.L. Odor Control including HazardousIToxic Odors. 
Technomic Publishing Inc., Lancaster, Pennsylvania, USA (1989). 

Hobbs P. "Review of odour quantification" In Proceedings of the International 
Livestock Odor Conference '95, October 16, 17 and 18 1995, Iowa State University, 
Ames, Iowa, USA. 

Jones M., Watts PJ. and Smith R.J. "Quantification of odours from agricultural 
waste" In Proceedings of the 8th Institute of Australian Engineers' Conference on 
Engineering in Agriculture. Barton, Australia, 1992. 

184 



Kendall D.A., Levins P.L. and Leonardos G. "Diesel Exhaust Odor Analysis by 
Sensory techniques" In Society of Automotive Engineers Automotive Engineering 
Congress, Detroit, U.S.A. February 25-March 1 1974. 

Koelega H.S. and Koster E.P. (1974) "Some experiments on sex differences in odor 
perception" Annals of the New York Academy of Sciences, vol.237, pp234-246. 

Kreit J.W., Gross K.B. Moore T.B. Lorenzen T.J. D'Arcy. and Eschenbacher J.W.L. 
(1989) "Ozone-induced changes in Pulmonary function and bronchial responsiveness 
in asthmatics" Journal of Applied Physiology, vo1.66, pp217-222. 

Labows J.N. and Wysocki C.J. (1984) "Individual Differences in Odour Perception" 
Perfumer and Flavorist, vo1.9, pp21-27. 

Laska M. and Hudson R. (1991) "A comparison of the detection thresholds of odour 
mixtures and their components". Chemical Senses, vol. 16, pp651-662. 

Leonardos G. (1980) "Selection of Panelists". Journal of the Air Pollution Control 
Association, vo1.30, pp1297. 

Lippmann M (1989) "Health effects of ozone: a critical review" JAPCA - Journal of 
the Airwaste Management Association, vo1.39, pp672-695. 

Lohr L. "Factors related to Odor Perceptions and Annoyance in a Rural Context" In 
the Proceedings of the International Livestock Odor Conference '95, October 16, 17 
and 18 1995, Iowa State University, Ames, Iowa, USA. 

Longhurst P. and Cousins S. (1994) Environmental Odour Study; Interim Project 
Report, International Ecotechnology Research Centre, Cranfield University. Report 
commissioned by Shanks and McEwan (Southern) PLC. 

Longhurst P. and Lemon M. "Assessing Odour Nuisance from Waste Management: 
Towards an Integrated Method" In Proceedings ofthe 9th Regional (Central 
European) Conference IUAPP A and 3rd International Conference on Environmental 
Impact Assessment, September 23 - 26 1996, Prague, Czech Republic. 

Mackay D. and Stiver W. "Predictability and Environmental Chemistry" In 
Environmental Chemistry of Herbicides (Volume 2) (Eds. Grover R. and Cessna A.J.) 
CRC Press, Boca Raton, Florida, (1991). 

Maivald K.D. "Design of Networks for Monitoring Odour Annoyance by Population 
Panels" In Environmental Annoyance: Characterisation, Measurement and Control 
(Ed. Koelega H.S.) Elsevier Science Publishers B.V., Amsterdam (1987). 

Manahan S.E. Fundamentals of Environmental Chemistry. Lewis Publishers, Chelsea, 
Michigan (1993). 

185 



Morresi A., CheremisinoffP. and Young R. "Human Response and Effects of Odors" 
In Industrial Odor Technology Assessment (Eds. CheremisinoffP. and Young R.) 
Ann Arbor Science Publishers Inc., Ann Arbor, Michigan (1975). 

Mortensen B. "Odour Problems in relation to Pig Production in Denmark" In the 
Proceedings of the International Livestock Odor Conference '95, October 16, 17 and 
18 1995, Iowa State University, Ames, Iowa, USA. 

NASCA 1996 Air Pollution Handbook. National Society for Clean Air and 
Environmental Protection, Brighton (1996). 

Neutra R., Lipscomb 1., Satin K. and Shusterman D. (1991) "Hypotheses to Explain 
the Higher Symptom Rates Observed around Hazardous Waste Sites" Environmental 
Health Perspectives, vo1.94, pp31-38. 

Nkemdrim L.c. (1988) "An Assessment of the Relationship between Functional 
Groups of Weather Elements and Atmospheric Pollution in Calgary, Canada" 
Atmospheric Environment, vo1.22, pp2287-2296. 

Oke T.R. Boundary Layer Climates. Routledge, London (1992). 

Page T., Guy C. and Vigneron S. "General Considerations for Odor Impact Study" In 
Proceedings of the 4th International Conference on Characterisation and Control of 
Emissions of Odors and YOCs, 20 - 22 October 1997, Montreal, Canada. 

Person H., AronoffM., Alocilja E. and Vigmostad K. "Recommended Human 
Relations Management Practices within a Technological and Social System involving 
Livestock Odor Issues" In the Proceedings of the International Livestock Odor 
Conference '95, October 16, 17 and 18 1995, Iowa State University, Ames, Iowa, 
USA. 

Photochemical Oxidants review Group (Chairman Prof. D.F. Fowler) Ozone in the 
United Kingdom: First Report. Department of the Environment, London (1993). 

Punter P. "Setting up and use of population panels for measuring and monitoring 
annoyance" In Environmental Annoyance: Characterization, Measurement and 
Control (Ed Koelega H.S.) Elsevier Science Publishers, Amsterdam (1987). 

Ramalho 0., Regoui C. and Kirchner S. "Discrimination of Paint Emission Using An 
Electronic Nose" In Proceedings of the 4th International Conference on 
Characterisation and Control of Emissions of Odors and VOCs, 20 - 22 October 1997, 
Montreal, Canada. 

Rettenberger G. and Steggmann R. "Trace Elements in Landfill Gas" In Proceedings, 
Sardinia '91, Third International Landfill Symposium, 14-18 October 1991, s. 
Margherita di Pula, Cagliari, Italy. 

186 



Schiffman S.S. "Aging and the Sense of Smell; Potential Benefits of Fragrance 
Enhancement" In Fragrance: The Psychology of Biology of Perfume (Eds. Van Toller 
S. and Dodd G.H.) Elsevier Science Publishers, London (1992). 

Schiffman S.S., Sattely-Miller E.A., Suggs M.S. and Graham B.G. (1995) "The Effect 
of Environmental Odours Emanating from Commercial Swine Operations on the 
Mood of Nearby Residents" Brain Research Bulletin, vo1.37, pp369-375. 

Searle G. Report on Odour Problems and Landfill Management Questions at 
Brogborough Management Report (April 1994). 

Seaton R.A.F. and Longhurst PJ. "Employing Data on Public Perception for the 
Strategic Management of Landfill Odour" In Proceedings Sardinia '99, 7th 

International Waste Management and Landfill Symposium, 4th _Sth October 1999, s. 
Margherita di Pula, Cagliari, Italy. 

Senior R. "Introduction" In Microbiology of Landfill Sites (Ed. Senior E.) CRC Press, 
Boca Raton, Florida (1990). 

Senior E. and Balba M.T.M. "Refuse Decomposition" In Microbiology of Landfill 
Sites (Ed. Senior E.) CRC Press, Boca Raton, Florida (1990). 

Senior E. and Kasali G.B. "Landfill Gas" In Microbiology of Landfill Sites (Ed. 
Senior E.) CRC Press, Boca Raton, Florida (1990). 

Shen T.T. and Toffiemire T.J. (1980) "Air Pollution Aspects of Land Disposal of 
Toxic Wastes" Journal of the Environmental Engineering Division, Vol.l06 EEl, 
pp211-226. 

Shustennan D. (1992) "Critical Review: The Health Significance of Environmental 
Odor Pollution" Archives of Environmental Health, vo1.47, pp76-S7. 

Slater P.G. and Harling-Bowen L. "Sampling and Gas Chromatographic Analysis of 
Volatile Sulphur Compounds and Gases at Sub-v.p.m. Levels in the Presence of 
Ozone" Analyst, vol.lll, pp I 059-1 064. 

Spencer W.F. and Cliath M.M. "The Solid-Air Interface: Transfer of Organic 
Pollutants between the Solid-Air Interface" In Fate of Pollutants in the Air and Water 
Environments (Ed. SuiTet I.H.) John Wiley and Sons, New York (1977). 

Stem A.C. Air Pollution. Academic Press, New York (1968). 

Stevens lC., Cain W.S. and Burke RJ. (1988) "Variability of Olfactory Thresholds" 
Chemical Senses, vol13, pp643-653. 

Stewart T.R. "Developing an Observer-based Measure of Environmental Annoyance" 
In Environmental Annoyance: Characterisation, Measurement and Control (Ed. 
Koelega H.S.) Elsevier Science Publishers, Amsterdam (1987). 

187 



Summer W. Odour Pollution of Air. Leonard Hill Books, London (1971). 

Sweeten l.R and Miner J.R. (1993) "Odor intensities at cattle feedlots in nuisance 
litigation" Bioresource Technology, vo1.45, ppI77-188. 

Thomson OJ. "Short-range air dispersion models" In Environmental Seminars 29-30 
March 1994, Warwick University, u.K. 

Thu K.M. and Ourrenberger E.P. "The Subjective versus the Objective myth: Verbal 
Reports and Physical Data in Swine Odor Research" In the Proceedings of the 
International Livestock Odor Conference '95, October 16, 17 and 18 1995, Iowa State 
University, Ames, Iowa, USA. 

Tilton B.E. (1989) "Health effects of Troposphere ozone" Environmental Science 
Technology, vo1.23, pp257-263. 

Timbrell lA. Introduction to Toxicology. Taylor and Francis, London (1989). 

Toogood S. (1990) "Odour control for the 1990s - Hit or Miss" Journal of the Institute 
of Water and Environmental Management, vol.4, pp268-275. 

U.S. Board on Toxicology and Environmental Health Hazards (1980) "Odors from 
Stationary and Mobile Sources" Journal of the Air Pollution Control Association, 
vo1.30, pp13-16. 

Van Harreveld T. Odour Impact of Extension of Brogborough Landfill Site. Project 
Research Environmental Consultants Ltd., Avoncliffe, Bath (1997). 

Venstrom O. and Amoore J. (1968) "Olfactory Threshold in Relation to Age, Sex or 
Smoking" Journal of Food Science, vol.33, pp264-265. 

Verschueren K. Handbook of Environmental Chemicals. Van Nostrand Reinhold Co., 
New York (1977). 

Vickers G. The Art of Judgement. Harper and Row Ltd., London (1983). 

Wark K. and Warner C.F. Air Pollution: its origin and control. Harper and Row Inc., 
New York (1981). 

Watson-Craik I.A., Sinclair KJ. and Senior E. "Landfill co-disposal of waste waters 
and sludges" In Microbial Control of Pollution (Eds. Fry J.C., Gadd G.M., Herbert 
R.A., Jones C.W. and Watson-Craik I.A.) 48th Symposium of the Society of General 
Microbiology, University of Cardiff. Press Syndicate of the University of Cambridge 
(1992). 

Williamson S.J. Fundamentals of Air Pollution. Addison-Wesley Publishing 
Company Inc., Reading, Massachusetts (1973). 

188 



Winneke G. and Kastka J. "Comparison of odour-annoyance data from different 
industrial sources: Problems and implications" In Environmental Annoyance: 
Characterization, Measurement and Control (Ed Koelega R.S.) Elsevier Science 
Publishers, Amsterdam (1987). 

Wysocki CJ., Beauchamp G.K., Todrank J. and Pierce J.D. "Individual Differences in 
Olfactory Ability" In Fragrance: the Psychology and Biology of Perfume (Eds. Van 
Toller S. and Dodd G.R.) Elsevier Science Publishers, London (1992). 

Young P J. (1984) "Odours from effiuent and waste treatment" Effiuent Water 
Treatment Journal, vo1.24, pp189-195. 

Young PJ. and Heasman L.A. "An assessment of the odour and toxicity of the trace 
compounds of landfill gas" In Proceedings of the GRCDA 8th International 
Symposium, April 1985. 

Young P J. and Parker A. (1983) "The identification and possible environmental 
impact of trace gases and vapours in landfill gas" Waste Management and Research, 
yoU, pp213-226. 

Young PJ. and Parker A. (1984) "Origin and Control of Landfill Odours" Chemistry 
and Industry, vo1.9, pp329-333. 

Zeiss C. and Atwater J. (1993) "A Case Study of Nuisance Impact Screening for 
Municipal Waste Landfill Planning" Environmental Technology, vo1.14, ppl101-
1115. 

189 



Appendix A 
Guidance notes for monitors 
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Post-monitoring Questionnaire 
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Guidance notes for odour monitors 

Thank-you for volunteering as an odour monitor for IERC. 

These notes have been produced to help you monitor successfully and avoid any 

problems you may have. If, when you have read these notes you are still uncertain 

about what to do, contact either Suzanne Hitchin or Phil Longhurst at IERC 

straightaway. The phone number is 01234750111 extensions 2658 or 2013. You can 

write to us care oflERC, Cranfield University, Cranfield, Bedford, MK43 OAL. 

Do not worry about providing 'right' or 'wrong' answers! Simply do you best! 

Contents 

Section 1. Materials you need 

Section 2. Getting started 

Section 3. What to do if you do not or cannot fill in your record sheet 

Section 4. What to do with your completed record sheets 

Section 5. What to do if you want to stop monitoring 

Section 6. What about the money! 

1. Materials you need. 

page 1 

page 1 

page 4 

page 4 

page 4 

page 4 

When you start monitoring, you will be provided with the following, 

Forms to record you reports on 

Reply-paid envelopes 

If you do not have any of these things or if you run out of them, contact us straight 

away. We will send out what you need. Usually, we will send out new forms and 

envelopes to you every month or so, 

2. Getting started. 

Firstly, look at you record sheet and familiarise yourself with the information 

you have to record. Then you follow the following steps. 
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Once a day, at your regular time, go out and sniff the air. If you smell an odour 

at any other time, report that odour as well. A space is provided on your record sheet 

for a second report. There is room in the margin to write details of a third odour if you 

happen to smell one. 

If you cannot or forget to monitor at your usual time on a particular day, 

monitor when you remember. If you miss a day or several days, simply record the 

date on the sheet and write below it 'forgot to monitor'. Do not make up a report! (See 

section 3 below about missing reports.) 

If you detect odour 

Take your record sheet and complete the questions in the list as follows. 

1. Fill out the date on your record sheet. 

2. Fill out your location. When you do your daily sniff, you'll obviously be outside at 

home. If you are reporting an odour at any other time, you record if you are inside or 

outside a building and where you are, for example at home, at the shops or at the bus 

stop. If you were not at home, please provide an address or description of where you 

smelled the odour. Remember, we do not know where your local shops, school and 

bus stops are! 

3. On the activity line, fill out what you were doing at the time when you smelled the 

odour. You may have been doing your odour monitoring at your set time. In this case 

you write 'monitoring'. On the other hand you may have noticed the odour at another 

time, when you were not monitoring, for example when you were doing housework, 

watching television, gardening, shopping or doing nothing in particular! 

4. Fill out the time when you sniffed for odour or when you smelled the odour. 

S. If you can, record the length of time you could smell the odour. Do not worry if you 

cannot do this. You may have to leave, to go to work for example, or you may become 

used to the odour and not be able to smell it. 

6. Estimate the amount of sky covered by cloud. A list is shown below of different 

types of cloud cover. Select the code number that you think best describes the type of 

cover you see and write it on your record sheet. 

clear sky - no clouds ............ code 1 dark rain clouds ............ code 5 

high I light clouds ................ code 2 misty I haze ................... code 6 

separate white clouds .......... code 3 fog ................................. code 7 
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dull / overcast.. .................... code 4 fog / drizzle ................... code 8 

7. Record, if you can, what you think the source of the odour is. The code numbers for 

odours are 

Code number 

1 

2 

3 

4 

Local odours, e.g. bonfires, traffic fumes, local industry. 

Landfill odours 

Brickworks odours 

Agricultural odours, e.g. spreading fertiliser, crop odours. 

Some odours may be unmistakable, others may not be so easy to identify. Do not 

worry about not being able to say what the odour is. If you really have no idea, do not 

guess. 

8. If you think you know what the odour is, say how certain you think you are. If you 

are very certain, give a score of 1. If you are a little unsure, give the certainty a score 

of 2 and if you are not very sure give a score of 3. 

9. Record how pleasant the odour is on the scale of 1 to 7. Simply circle or tick the 

suitable number on the line. A score of 1 means the odour is pleasant, a score of7 

means the odour is extremely unpleasant! 

10. Record how intense or strong you think the odour is. Again circle the appropriate 

number on the line. A score of 1 means the odour is very weak, a score of 7 means the 

odour is very strong. 

11. If you want to record something about the odour that is not covered by the 

questions above, use the 'Any comments' line. For example, you may want to 

describe how the odour smells to you, if the strength of the odour changed or if the 

odour lingered for some time. You may want to say something about when or where 

you smelled the odour, for example something about the weather conditions. 

If doing this takes you longer than around 5 or 10 minutes, you are taking too long! 

Please do not let it disrupt your usual routine too much. 

If you do not smell odour. 

Take your record sheet and complete questions 1, 2, 3, 4, and 6, following the 

instructions in the section above. Leave the other spaces blank. 

Do not worry if you smell odours very frequently or do not smell odour very often. 

People vary in the odours they can smell and when they smell them. 
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3. What to do if you do not or cannot fill in your record sheet! 

We understand that you will not always be able to monitor. You may be ill, on 

holiday or you may just forget. Do not worry about this! 

Simply fill out the date in the right space on your record sheet and write ill, on 

holiday, out all day, forgot to monitor or what ever the reason was, below it. 

DO NOT MAKE UP A REPORT! 

If you do make up a report, it will affect the information we have to work with. 

We will pay you as usual, you will not be deducted money for missed reports. 

4. What to do with your completed record sheets. 

Once a month, send in your record sheets in the envelopes provided. You do 

not have to pay postage. Just pop the envelope into a post-box. Try to send in you 

record sheets regularly, otherwise you will be snowed under with lots of paper! 

S. What to do if you want to stop monitoring 

We appreciate the commitment of odour monitors and understand if 

monitoring becomes inconvenient. If you want to stop, tell us when you can. If 

possible try to complete your last month of monitoring, as we deal with monitors' 

information on a monthly basis. We will arrange for your pay to made up to when you 

stop monitoring. 

Finally, the important bit.. .. 

6. What about the money! 

You will be paid £23, excluding deductions, for every month you monitor. The 

cheques will be sent out to you on a monthly basis. 

If you do not receive your cheque, please contact us so we can chase up your 

payment. 

As we said earlier, if you have any queries or problems, please contact us 

straightaway! 

Happy monitoring! 
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CONFIDENTIAL 
For use by IERC Staff only. 

There are a number of factors that are known to affect a person's sense of smell. If 
you are selected as a monitor, we will need to know which of these factors, if any, 
may influence your odour reports. Therefore, please complete the following 
questionnaire, which deals with these factors. 

Answer all questions, either by ticking the boxes or by brief answers. 

Name ............................................................................................. . 
Address .......................................................................................... . 

Telephone ....................................................................................... . 

Smoking 
1. Do you smoke? Yes D No D 
2. If you have given up smoking, how long ago was this? ........................ .. 
3. Does anyone else in your home smoke? Yes D No D 
4. Are you exposed to smoking elsewhere, for example in your work place? 

YesD NoD 

Health 
5. What is your age? 

18-25 D 26-35 D 36-45 D 46-55 [J 56-65 [J 65+[J 

6. Do you have any medical condition that may influence your sense of 
smell? 

For example sinus problems, asthma, allergies and hay-fever, pregnancy. 
Yes [J No [J 

Occupation 
please tick 

7. Are you employed full-time? [J 
employed part-time [J 
unemployed [J 
full-time student [J 
housewife/carer [J 
retired [J 

Please state, if you are employed what your job is .......................................................... . 

8. Are you exposed during your daily routine/employment to gases, vapours, 
particulates/dust? For example, solvents, wood dust, oil-based products such as petrol, 
polishes. 

Yes (] No [J 

The pre-monitoring questionnaire 
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9. If your answer was 'yes' to question 9, please state what these materials are 
................................................................................................................. 

10. In your opinion, is your exposure to these materials greater than average? 
Yes Cl No Cl 

Times available for monitoring 
Please tick which hours of the day you will usually be available for monitoring. 

5 to 6am D 
6 t07am 0 
7 to 8am D 
8 to 9am D 
9tolOam D 
10 to 11 am D 
11am to 12 pmD 

Living in the Marston Vale 

12 to Ipm 
1 to 2pm 
2 to 3pm 
3 to 4pm 
4 to 5pm 
5 to 6pm 
6 to 7pm 

Cl 
D 
Cl 
Cl 
D 
D 
Cl 

7to 8pm 0 
8 to 9pm D 
9to lOpm D 
10 to llpm D 
I1pm to 12amCl 

12. How long have you lived in this area? .......................................... .. 

13. Please list the things you enjoy about this area 
1 ............................................................................................... . 
2 ............................................................................................... . 
3 ............................................................................................... . 

14. Please list the things you least enjoy about this area 
1 ............................................................................................... . 
2 ............................................................................................... . 
3 ............................................................................................... . 

All the above information will be treated in strictest confidence and will be retained 
within JERC. This questionnaire does not constitute a health screening test. 

THANK-YOU FOR YOUR CO-OPERATION. 
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We would like to know how often you may be exposed to odour at you home. Therefore for one week, 

we would like you to note the following details. 

1. Times you get up and go to bed. 

2. Any times you leave and retum home. If you leave and return home more than once a day, then 

record all these times. If you do not leave home during the day, just record the times you got up and 

went to bed. If you forget to note the times, please make an estimate. 

Name... ......... ...... ... .... ..... ...... Address ................................................................ . 

Day 1. Date ........................ .. 

Time got up .......................... . 

Time left home ...................... . 

Time returned home .............. .. 

Time went to bed .................. . 

Day 2. Date .......................... . 

Time got up .......................... .. 

Time left home ...................... . 

Time returned home .............. . 

Time went to bed .................. .. 

Day 3 Date ............................ .. 

Time got up ............................ .. 

Time left home ........................ . ....................... . ...................... . 
Time returned home ................ . 

Time went to bed .................... . 

Day 4. Date ............................ . 

Time got up ............................ .. 

Time left home ........................ . 

Time returned home ................ . 

Time went to bed .................... .. 

Day 5. Date ............................ .. 

Time got up ............................ .. 

Time left home ........................ . 

Time returned home ................ . 

Time went to bed .................... .. 

Day 6. Date ............................ . 

Time got up ............................ .. 

Time left home ........................ . 

Time returned home ................ . 

Time went to be(:!. .................... . 

Day 7. Date ............................ .. 

Time got up ............................. .. 

Time left home ......................... . 

Time returned home ................. . 

The monitor time diary 
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A monitor report sheet 

Name. ...... .............. ...... .... ... ......... Address ........................ '" ................................... . 

First Report Second Report 

1. Date .................................... .. 

2. Location ................................................... . 

3. Activity .................................................... .. 

4. Time ........................................................ .. 

5. Length of time of odour (if known) ........... .. 

6. Cloud cover ............................................... .. 

7. Odour source (if known) ............................. . 

8. Certainty ..................................................... .. 

9. Pleasantness 

10. IntenSity 

1 234 5 6 7 

1 234 567 

Any comments ............................................. . 

...................................................................... 

1. Date .................................... .. 

2. Location ...................................................... . 

3. Activity ....................................................... . 

.................................................................... 
4. Time .......................................................... . 

5. Length of time of odour (if known) ........... .. 

6. Cloud type ................................................... . 

7. Odour source (if known) ............................ .. 

8. Certainty ...................................................... . 

9. Pleasantness 1 2 3 4 5 6 7 

10. Intensity 1 2 3 4 5 6 7 

Any comments ............................................. . 
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The Post-monitoring Questionnaire 

For use by IERe Staff only 
As you have now completed monitoring for IERG, would you please complete this 
questionnaire. It contains questions that could not be asked before or during 
monitoring, but will help with analysing the results. 
As in the previous questionnaire, please answer all the questions either by ticking 
boxes or by brief answers. 

Name ............................................................... . 

Monitoring 

1. How easy did you find monitoring for IERC? 
Very easy 0 Not easy, but not difficult 0 Difficult 0 
Easy 0 Very Difficult 0 

2. What problems did you have, if any? For example was it too inconvenient, 
did you keep forgetting? 

3. Were you given sufficient information and support during the monitoring 
period? 
................................................................................................................. 
................................................................................................................. 

4. Why did you volunteer for air quality monitoring for IERC? For example 
was it because you are interested in, or concerned about the environment? 
................................................................................................................. 
................................................................................................................. 
................................................................................................................. 
................................................................................................................. 

Your Daily Reports 

5. Did you find you reported odours in general more or less often than what 
you expected you would? 
More often CJ About what you expected CJ Less often CI 

6. Did you find that you reported particular types of odours more or less 
often that what you had expected you would? 
More often CJ About what you expected CI Less often CI 

7. Which odour types did you feel you recorded more or less than you 

expected? 
Odour type 
Local 
Landfill 
Brickwork 
Agricultural 

More or less often? 
more often [J 
more often [J 
more often [J 
more often IJ 
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8. Were you surprised by the results you recorded? 
.............................................................................................................. 

9. Do you feel that you are more or less aware of odour now you have taken 
part in the study? 
more aware (J less aware (J about the same (J 

You and your environment 

10. Have you ever complained to any organisation about any kind of 
nuisance from any source? For example noise, traffic, dust, odours or new 
development. 

Yes (J No (J 

11. If the answer is yes, what was it you complained about? 
.................................................................................................................... 
..................................................................................................................... 
12. Who did you complain to? 
The person I company responsible for the odour source (J 
The local council (J 

A local councillor (J 

A pressure group (J 

Other (J 

13. When you have smelled odours, have you ever done any of the 
following? 
If you were outdoors, gone indoors? (J 

Closed windows? (J 

Used air fresheners? (J 

Tried not to breathe to deeply? (J 

Taken any other action? (J 

If you have taken any other action please specify what this was 
............................................................................................................ 

14. Have you ever experienced any of the following due to odour? 
Headaches (J Tummy upsets [J 

Annoyance (J Irritability (J 

Nausea (J Respiratory problems (J 

Appetite loss (J Other (J 

Please specify ......................... . 

15. Are there any other comments you would like to make about the 
monitoring and its results, or about living in the Marston Vale? 
............................................................................................................... 
................................................................................................. , ............ . 
............................................................................................................... 
............................................................................................................... 
............................................................................................................... 

Thank-you for completing this questionnaire. 
Thank-you for taking part in the air quality monitoring project. 
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