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ABSTRACT 

FACULTY OF ENGINEERING & APPLIED SCIENCE 

DEPARTMENT OF ELECTRONICS & COMPUTER SCIENCE 

Doctor of Philosophy 
ELECTROSTATIC A L L E R G E N C O N T R O L 

By Neil Goodman 

The presence of allergens in the domestic environment has been linked to the 
development and elicitation of symptoms of atopic asthma. Although a number of 
techniques exist to reduce indoor allergens, attempts over the last thirty years have been 
largely unsuccessful. The objective of this present investigation was to determine whether 
corona discharge, the process used in air ionisers, could destroy the major household 
allergens of the Dermatophagoides house dust mite Der p 1, Der f l , Der p2 and the major 
domestic cat allergen. Pel dl . 
The method most commonly used to investigate the effects of a treatment on household 

allergens is to use a heterogeneous powder mixture, such as spent dust mite medium, 
containing the desired allergen. This method was improved upon by using evaporated 
aliquots of aqueous dust mite culture solution on aluminium foil. Using a simple point-to-
plane corona apparatus of fixed inter-electrode distance and point radius, the effects of 
corona discharge were investigated on the allergens mentioned above. The results have 
shown that a specific number of allergen molecules are destroyed per unit exposure to 
corona discharge. This corona-destruction of allergens increased exponentially with both 
time and corona current until a plateau in the maximum percentage reduction in 
concentration was attained. Pel dl was the most susceptible to destruction by negative 
corona, which led to a percentage reduction in concentration of 100% after 180 minutes 
at 25pA corona current. Dermatophagoides allergens experienced approximately similar 
reductions to each other. Pel dl , unlike the mite allergens tested, was not affected by 
positive corona. The effect of corona on Der pi was not due to the corona product 
molecular ozone, or due to the presence of aluminium oxides on the planar electrodes. 
Der pi was not destroyed under an atmosphere of 2.4% relative humidity using negative 
corona regimes, but was destroyed when subjected to positive corona under these 
conditions. The lack of renaturing after exposure to corona discharge and other results 
suggest that irreversible reactions occur between the corona products and the primary 
structure of the protein. 
Chamber tests and room-scale exposures were performed, using an experimental ioniser 

and two commercially available ionisers, to determine whether corona discharge could 
translate well into a practical application for reducing allergen concentration in the 
domestic environment. The results of these tests have shown that Der p 1 can be destroyed 
by up to 40.63% after one week's exposure to the experimental ioniser, 4m away from 
the corona source. Commercially available ionisers also destroyed Der pi in both tests. 

Thus, corona discharge has been shown to be an important and highly novel technique, 
which can be used to reduce the allergenic load 6om a number of sources in the domestic 
environment. 
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PREFACE 

This investigation into the effect of corona discharge on major domestic allergens is 

multidiscipUnaiy and comprises a number of biological, biochemical and engineering 

topics. Firstly, Chapter 1 provides the necessaiy background and review of literature 

needed to understand the concepts used in this work. Secondly in Chapter 2, preliminary 

experiments are described including the exposure of Der pi-carrying faecal particles to 

negative corona. The widely used method of using sieved, spent house dust mite medium 

to test the effect of a treatment on allergens was investigated for concentration 

homogeneity. This technique was improved and used to perform detailed investigations 

into the effect of corona discharge on allergens. These experiments, using a simple point-

to-plane corona electrode arrangement, are described in Chapter 3. Furthermore, Chapter 

4 describes the chamber tests and room-scale exposures of Der pi to an experimental and 

two commercially available ionisers. These tests were performed in order to determine 

whether the destruction of allergens by corona discharge could translate well into a 

practical application to reduce the levels of allergen in the domestic environment. Finally, 

Chapter 5 draws conclusions from all the experiments and suggests possible future 

avenues for research. The Appendix gives a description of the various statistical terms and 

tests used. 
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CHAPTER 1: INTRODUCTION 

1.1 ASTHMA: EFFECTS AND GENERAL BACKGROUND 

During the last three decades, many countries have experienced an increase in the 

prevalence and severity of asthma. Over the same period, the population in the developed 

world has spent more and more time indoors. Homes have become better insulated and 

energy efficient, resulting in a warm and humid environment with low ventilation rates. 

These conditions ideally suit house dust mite growth throughout the year (see Section 

Asthma is a syndrome in which there is recurrent reversible obstruction of the airways in 

response to stimuli that do not affect non-asthmatic subjects. The characteristic features 

of asthma are inflammatory changes in the airways associated with bronchial hyper-

responsiveness (Bochner, Undem & Lichtenstein, 1994). Asthmatic airways respond to 

stimuli that may have little to no effect upon normal airways. These stimuli include 

emotional disturbances, respiratory tract infection, physical exercise, ingestion of drugs 

such as aspirin, inhalation of aerosols including fog, or chemicals such as ozone and 

sulphur dioxide, industrial chemicals such as toluene, and allergens in sensitised subjects 

including components of dust, pollen and animal dander (Morley, 1993). 

Bronchial hyper-responsiveness leads to a distressing shortness of breath (dyspnoea) that 

reduces the quality of life of a significant percentage of the population. For instance, in 

the United Kingdom alone, asthma affects around 2 million people. This is a major socio-

economic problem with asthma-related prescription costs accounting for approximately 

£350 million of the National Health Service's annual budget (Rathbome & Nay lor, 

1996). In 1990, the cost of treating asthma sufferers in the United States of America 

resulted in a $3.64 billion bill (Weiss, 1992). 
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With an increasing awareness of factors that can induce an asthmatic state, clinicians 

have found it useful to classify asthma according to different aetiological factors. The 

majority of asthma patients are atopic, i.e., associated with allergy (Custovic, Simpson, 

Chapman et ah, 1998), however the term 'intrinsic' asthma is used for those patients for 

whom an underlying cause cannot be shown. 

In atopic asthma, primary exposure to allergens causes sensitisation. Inhaled, injected or 

otherwise ingested allergen is presented to the immune system where it is recognised as 

being foreign, and in susceptible individuals, causes IgE to be produced. IgE is the 

primary antibody involved in the initiation of immediate allergic responses. The immune 

system is thus primed so that subsequent exposure to the particular allergen will cause an 

allergic reaction. When the allergen is again internalised during the secondary exposure, 

it encounters immune cells, which possess allergen-specific IgE antibodies on their 

surface. When several IgE molecules bind the allergen, inflammatory mediators are 

released and the characteristic features of allergic disease follow (Holgate, Church & 

Lichtenstein, 2000). 

1.3 THE SIGNIFICANCE OF ALLERGENS IN THE DOMESTIC 

ENVIRONMENT 

In many countries, allergens derived irom dust mites are by far the most important cause 

of sensitisation, and much of the epidemiological and immunological data available relate 

to mites (Platts-Mills, Vervloet, Thomas et ah, 1997; Squillace, Sporik, Rakes et al., 

1997). The process of sensitisation to allergens of the house dust mite (HDM) is directly 

related to exposure (Kuehr, Frischer, Meinert et ah, 1994) and has been found to be the 

greatest risk factor for developing asthma among middle school children in the USA 

(Woodcock & Custovic, 1998). Despite the inaccuracy of exposure measurements and 

the number and variety of allergens and trigger factors (such as cold air, viruses, physical 

exercise etc.,), it has been possible to make a clear dose-response relationship between 
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exposure to dust mite allergens and sensitisation (see for example, Sporik, Holgate, 

PlattsMills et al, 1990; Peat, Tovey, Toelle et al., 1996). It is essential to achieve and 

maintain a major reduction in allergen levels in the domestic environment to ameliorate 

symptoms and reduce the risk of sensitisation, although clinical benefits may not be 

apparent for many months (Custovic, Simpson, Chapman et al., 1998). However, 

attempts over the last four decades to eradicate HDMs Irom the typical domestic 

environment have been largely unsuccessful. 

1.4 T̂ HOSHOLKSE 

Traditionally, the common name 'house dust mite' (HDM) has been used collectively to 

include those members of the family Pyroglyphidae (order Astigmata) that live 

permanently in house dust. Common names have also been assigned to distinguish 

between species: European HDM for Dermatophagoides pteronyssinus and American 

HDM for Dermatophagoides farinae. 

Mites are common in the domestic environment; the most studied and important of these, 

because of their allergens, cosmopolitan occurrence and abundance in homes are D. 

pteronyssinus and D.farinae. The recommended nomenclature for the allergens of these 

mites uses the first three letters of the genus (e.g., Der) proceeded by the first letter of the 

species (e.g. p or f), followed by a number. Allergens Irom different mite species, but 

with the same number belong to the same group of allergens and share similarities. These 

two mite species, together with another important mite species Euroglyphus maynei, 

constitute 90-100% of the total mite population found in mattresses, and 70-95% of the 

mite population in carpets and soft fiimishings (Arlian, 1989). These mites all subsist on 

dead skin cells and other organic debris in house dust, however discussion in this 

investigation shall be restricted to the Dermatophagoides mites. 

The microhabitats of dust mites in the domestic environment are found within textiles, 

including clothing and soft toys, and upholstered furniture. The weave or pile of fabrics 

causes dust particles to accumulate and the structure and composition of dust 
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microhabitats can become complex. House dust consists predominantly of shed human 

skin scales and fibrous material fi-om fabrics, as well as lesser amounts of various mineral 

particles derived from soil and building materials (Collolf, 1998). Carpets tend to contain 

more heavy, large particulate material than dust from upholstered furniture and 

mattresses, which is predominantly skin scales and fabric fibre. 

Dust mites are found in bedding, carpets and upholstered furniture. The main criteria that 

govern whether mites can live in a particular microhabitat are temperature and humidity 

and the availability of food. It has become generally regarded that beds contain the most 

mites and allergens, but this is not the rule (see Colloff, 1998). Due to many factors, 

including the difference in composition of dust, the topography of the habitat and the area 

chosen to be representative of the area under study, estimates of dust mite population are 

difficult to compare between studies. Most survey studies attempt to standardise their 

sampling procedure when visiting different homes. This usually involves sampling the 

same region of a habitat with a defined area and sampling for the same amount of time. 

However there is often a lack of descriptive information to allow proper comparison 

(Hill, 1998). The method most widely used to determine the abundance of mites in a 

particular environment is the concentration of Der pi allergen found which correlates 

well with the presence of total mite allergens (Chapman, Heymann & Wilkins, 1987) and 

also Der p2 in dust samples (Sakaguchi, Inouye, Yasueda et al., 1989). This method can 

also serve as a marker of total mite exposure, although this relation is not simple because 

the faecal allergen pool is stable and represents past populations of mite as well as current 

(de Boer, van der Hoeven & Stapel, 1995). 

The life cycles of D. farinae and D. pteronyssinus consist of five life stages: egg, larva, 

protonymph, tritonymph and adult. Development from egg to adult requires 23 to 30 days 

under optimum conditions (22-26°C, 75% relative humidity RH) and during their active 

reproductive life, females produce from 200 to 300 eggs (Wharton, 1976). The time 

required to complete the life cycle is lengthened or shortened with lower and higher 

temperatures, respectively. At relative humidities below the optimum, the mite gradually 
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dehydrates although active life stages are able to survive at ambient humidities as low as 

60%WRH(ArUao,1992). 

The most important limiting factor for HDM populations is air humidity (Hart, 1998). 

HDMs osmoregulate through the cuticle and therefore require a high ambient air 

humidity to prevent excessive water loss. All studies show that the density of mites in 

homes in humid temperate geographical areas fluctuates sharply with seasonal variations 

of indoor and outdoor RH (Arlian, 1989). Available epidemiological data on the 

occurrence of HDMs in the domestic environment demonstrates a clear association 

between increased indoor air humidity and the increased occurrence of HDMs in house 

dust. Indoor air humidities below 45%RH for extended periods eradicate HDMs from 

dwellings (Korsgaard, 1998a). 

1.5 MAJOR ALLERGENS OF THE HDM 

The major allergens from D. pteronyssinus (Der pi and Der p2) and D.farinae (Der f l ) 

that are investigated in this thesis are described below, followed by the major cat 

allergen, Fel dl . 

1.5.1 GROUP 1 ALLERGENS 

Two major groups of mite allergen have been defined: the 24 kDa Group 1 allergens and 

the 14 kDa Group 2 allergens. These groups are structurally unrelated although allergens 

within each group show extensive amino acid sequence homology and cross-reactivity to 

antibodies (Heymann, Chapman & Platts-Mills, 1986; Lombardero, Heymann, Platts-

Mills et al, 1990). The concentration of Der pi and Der fl in the domestic environment 

ranges from 100 - 1 OOOOngg ' of dust (Platts-Mills & Chapman, 1987; Wahn, Lau, 

Bergmann et al., 1997), and the minimum amount of Der pi needed to cause sensitisation 

and elicitation of symptoms is 2jigg"^ of dust (Kuehr, Frischer, Meinert et ah, 1994). 

Group 1 allergens are airborne only during disturbance and are carried on particles 

>10pm diameter, which precipitate rapidly due to their large size. 
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Der pi is the main allergen of the house dust mite Dermatophagoides pterynissinus. It is 

a digestive enzyme that is secreted into the mite's alimentary canal (Thompson & 

Carswell, 1988). This is the reason why 95% of all dust mite allergen is associated with 

the faecal particles (Tovey, Chapman & Platts-Mills, 1981). It is also speculated that 

there is an active secretion of gut contents during feeding, which is supported by the 

immunostaining of Der pi in the oesophagus of mites (Tovey & Baldo, 1990; de Lucca, 

Spovik, O'Meara et al., 1999). This would result in the presence of Der pi in non-faecal 

material. 

The structure of Der pi is composed of a single chain cysteine protease (Stewart, 

Thompson & Simpson, 1989), the activity of which is thought to be related to its 

immunogenicity. In other words, Der pi is an allergen partly because of its functionality 

as an enzyme that cleaves other proteins. It has been shown in vitro to cause a number of 

effects observed in allergy and also to increase the permeability of the bronchial 

epithelium to macromolecules (Herbert, King & Ring, 1995). This increased permeability 

enables the entry of Der p i , and also those of other allergens. When Der pi encounters 

membranes such as the tracheobronchial epithelium, it causes impaired adhesion between 

the epithelial cells (Robinson, Kalsheker, Srinvasan et ah, 1997). This alone would cause 

a large immune response but the effects of Der pi do not end there. Beneath the 

epithelium, Der pi encounters antigen-presenting cells that interact with T-lymphocytes 

and trigger a specific immune response. Der pi also cleaves the low affinity IgE receptor, 

known as CD23, fi"om the surface of B-lymphocytes. This enhances the IgE immune 

response by both disrupting the negative feedback regulation of IgE synthesis and by the 

fact that, once in solution, CD23 promotes IgE production (Hewitt, Brown, Hart et al., 

1995). The enhanced synthesis of IgE is the hallmark of an allergic reaction. 

Therefore, once Der pi is inhaled, it invades the body by directly degrading the 

protective epithelium and initiates an immune response. This immune response is 

promoted by the action of soluble CD23 and also by the removal of inhibitory 
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mechanisms. A number of other allergen effects have also been reported due to their 

protease nature (King, Brerman & Thompson, 1998). 

Der fl also has a single polypeptide chain and shares 81% amino acid homology to, and 

significant cross-reactivity with, Der pi (Miyamoto, Oshiwa, Mizimo et al., 1969; Smith, 

Disney, Williams et al., 1969; Bilotti, Passaleva, Romagani et al., 1972). This partial 

cross-reactivity suggests the presence of both cross-reacting and species-specific epitopes 

on Der pi and Der fl (Platts-Mills, Heymann, Chapman et al., 1986). Group 1 allergens 

are heat labile and pH sensitive (Lombardero, Heymann, Platts-Mills et ah, 1990) and 

upon denaturation Der pi loses its antigenicity (Baldo, Ford & Tovey, 1989). 

1 .5 .2 GROUP 2 ALLERGENS 

Der p2 and Der f2 form the second group of major mite allergens. In contrast to the 

Group 1 allergens. Group 2 proteins are heat stable and pH resistant, (de Blay, Heymann, 

Chapman et ah, 1991). Whereas the antigenic determinants on the Group 1 allergens are 

readily denatured by heat and appear to be highly dependent on their conformation, 

Group 2 allergens are resistant to denaturation and only lose their activity after reduction 

or alkylation (Lombardero, Heymann, Platts-Mills et al., 1990). 

Unlike Der p i , Der p2 protein has its IgE-binding activity enhanced by denaturation 

(Tovey, Ford & Baldo, 1989), which could have been explained by the primary structure 

of the epitope (Cain, Elderfield, Green et al., 1998). However, by using murine 

monoclonal antibodies (mAbs), and sera from mite allergic subjects, it has been shown 

that the epitopes of the Group 2 mite allergens are also conformational and that the three 

disulphide bonds within the protein stabilise this structure (Smith & Chapman, 1996; 

Lombardero, Heymann, Platts-Mills et al., 1990). All investigators interested in reducing 

the concentration of allergens in the domestic environment by denaturation should 

consider this enhanced IgE-binding activity. 
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Group 2 allergens are proteins consisting of 129 amino acid residues with a molecular 

mass of 14kDa and no glycosylation sites (Chua, Doyle, Simpson et al, 1990; Trudinger, 

Chua & Thomas, 1991). The tertiary structure of Der p2 and Der 12 has shown a protein 

consisting entirely of P-sheets (Mueller, Smith, Williams et al., 1997; Ichikawa, 

Hatanaka, Yuuki et ah, 1998), and these proteins share 88% amino acid sequence 

homology (Yuuki, Okumara, Ando et a/., 1991; Chua, Doyle, Simpson et al, 1990). Both 

murine and human antibodies recognise common epitopes on both allergens and have 

been reported to have almost complete cross-reactivity (Yasueda, Mia, Yui et ah, 1989). 

Group 2 allergens are reported to be present at an approximately five-fold lower 

concentration than Group 1 allergens in mite extracts and spent mite medium, but are 

found in relatively higher amounts in mite bodies (Ford, Rawle, Lind et ah, 1985). At 

present, the functions of Group 2 allergens in the mite are not known. Der 12 could 

possibly be a component of the innate antibacterial defence system of mites because it 

binds to the surface of the bacterium Escherichia coli (Ichikawa, Hatanaka, Yuuki et ah, 

1998). Airborne Group 1 and Group 2 mite allergens behave aerodynamically similarly to 

each other. Group 2 allergens, possibly carried on fragments of mite cuticle, are airborne 

only during disturbance and precipitate rapidly. 

1.6 FELDL 

One in four homes in the United Kingdom contain a cat, Felus domesticus (Custovic, 

Simpson, Pahdi et ah, 1998), and it is suggested that as many as one third of cat-

sensitised individuals live in homes with a cat. Up to 40% of children with asthma are 

sensitised to cat allergen (Gelber, Seltzer, Bouzoukis et al., 1993) and even brief 

exposure to cats can precipitate severe asthma symptoms in susceptible individuals. It has 

been reported that airborne Pel dl , the major cat allergen, can be detected in all houses 

with cats and in almost a third of homes without cats (Custovic, Simpson, Pahdi et al., 

1998). High levels have also been reported in schools (Enberg, Shamie, McCullough et 

aA,1993). 
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Fel dl is a 36kDa protein, which is produced primarily in the sebaceous glands and in the 

basal squamous epithelial cells of the skin. It is mainly stored on the surface of the 

epidermis and for (Charpin, Mata, Charpin et ah, 1991) and a single cat can produce 

between 3-7jig per day (Dabrowski, van der Brempt, Soler et ah, 1990). Similar to the 

Group 2 mite allergens, Fel dl (and also the major dog allergen. Can f l ) is heat stable 

(Cain, Elderfield, Green et ah, 1998). 

Unlike Group 1 mite allergens, Fel dl can remain airborne in undisturbed conditions and 

is associated with a large range of particle sizes, including particles <2.5\xm in diameter 

(Luczynska, Li, Chapman et ah, 1989). In some houses, it has been reported that the 

levels of Fel dl , associated with small particles, were comparable to the quantities 

previously reported to produce acute airway obstruction in provocation experiments, i.e., 

8-80ng of Fel dl inhaled during 2 minutes (Ohman, Findlay & Leitermann, 1984; van 

Metre, Marsh, Adkinson et ah, 1989). It is likely that these properties are responsible for 

the distinct rapid onset of symptoms experienced by patients who are allergic to cats (de 

Blay, Chapman & Flatts-Mills, 1991). 

1.7 METHODS OF ALLERGEN AVOIDANCE 

It is important to remove, or at least prevent, exposure to allergens from the domestic 

environment in order to prevent sensitisation or the elicitation of symptoms. At very low 

allergen levels, conversion from sensitisation to desensitisation may also occur 

(Wickman & Korsgaard, 1996). The primary method of reducing exposure to cat allergen 

is the removal of the cat from the living room and bedroom areas of the home. The use of 

High Efficiency Particulate Air (HEP A) filters can reduce airborne levels of cat allergen 

in homes with cats. However, the reduction following cat removal has been found to be 

solely due to the precipitation of the larger particle sizes (Custovic, Simpson, Pahdi et ah, 

1998). Airborne cat allergen appears to be maintained by resuspension of particles from 

reservoirs within the room such as carpets and soft furnishings (de Blay, Chapman & 

Platts-Mills, 1991). Repeated washing of cats not only removes allergen but also leads to 
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progressive reductions in the quantity of allergen accumulating on the cat (Glinert, 

VfUawijkWednar, 1990). 

Beds, flooring, clothing and soft toys can harbour considerable colonies of mites (Tovey, 

Chapman, Wells et ah, 1981), and Der pi is very stable in domestic environments (Kort 

& Kniest, 1994; de Boer, van der Hoeven & Stapel, 1995). Mechanical disturbance, 

especially household cleaning, can result in a significant rise in airborne particles from 

these dust reservoirs (Clark, 1974). Encasing mattresses and pillows with occlusion 

covers gives the best protection from the bed's large mite population and the methods 

recommended for cleaning clothes, bedding and soft toys include: frequent hot washing, 

dry cleaning, prolonged freezing, heat sterilisation and storage under dry conditions 

(Tovey, 1992). 

Steam cleaning of carpets has been recommended for effective reduction of both mites 

and allergen concentrations (Colloff, Taylor & Merrett, 1995). The use of liquid nitrogen, 

combined with intensive vacuum cleaning, is highly effective at killing and removing 

mites in mattresses and carpets decreasing their population by 90-100% (Colloif, 1986). 

Freezing with liquid nitrogen however has no effect on allergens. This procedure requires 

specialist application and needs to be repeated. Even though carpets can be temporarily 

rendered mite free, they cannot be sufficiently cleared of all dust, are easily re-infested, 

and can serve as a collection and distribution point for mite aeroallergen from other 

sources. There is therefore no substitute for frequently washed hard floors if minimal 

allergen exposure is to be achieved. 

Chemicals can be used to control mite populations and include acaracides such as benzyl 

benzoate. While these compounds can kill mites in vitro, there is difficulty in applying 

them effectively to the resident mite population in the matrix of mattresses, carpets and 

soft fiimishings. There is also a possibility that adverse skin reactions to the chemicals 

may occur whilst either in close physical contact, enclosed spaces, or with repeated 

applications for extended periods (Tovey, 1992). 

10 
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The use of tannic acid to denature allergens is very effective at treating surface dust 

(Green, Nicholas, Salome et ah, 1989). Although when combined with an acaricide and 

applied to beds, floors and furnishings, the denatured surface allergens are replaced by 

dust and mites from deeper in the matrix (Tovey, Marks, Matthews et ah, 1992). Vacuum 

cleaners are useful to extract excess surface dust from items and remove it from the 

circulating pool of aeroallergen. Although some studies have shown reductions of mites 

and dust by repeated vacuuming (Burr, Dean, Merrett, 1980), such treatment is not an 

effective method for controlling either dust or mites in carpets, soft furnishings or 

mattresses. However, a recent study has shown that applying an electrostatically charged 

carpet powder before vacuuming significantly increases the amount of dust removed 

from the carpet dust reservoir (Jerrim, Hughes & McKechnie, 2001). 

Increasing ventilation and venting sources of moisture to the outside are simple ways of 

controlling the level of humidity in the domestic environment (Niven, Fletcher, Pickering 

et al., 1999). Some studies have shown clinical benefits of using HEPA filters (Colloff, 

Ayres, Cars well et al., 1992) even though no clinical improvement was found when 

electrostatic air precipitators were used to reduce the aeroallergen concentration (Mitchell 

& Elliot, 1980). Although HEPA filters were more effective than electrostatic ones, 

medical specialists recommend neither in the absence of other forms of environmental 

control (Nelson, Hirsch, Ohman et ah, 1988). 

The use of ionisers in the treatment and prevention of asthma will be discussed in Section 

1.11. Ionisers utilise corona discharge to produce ions. This process is discussed in detail 

in the following section. 

11 
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1.8 CORONA DISCHARGE 

1 . 8 . 1 DEFINITION 

Corona discharge occurs when a high voltage is applied between electrodes in a non-

uniform geometry (Cross, 1987) e.g. when one electrode has a small radius of curvature, 

a point, and the other is a plane (see Figure 1.1). By definition a corona is a discharge 

where the ionisation is non-thermal and confined by geometry to narrow ionisation 

region(s) close to the point electrode(s) (Sigmond & Goldman, 1978). 

Point electrode 

lonisation limit-

Interelectrode 
gap distance 

Planar electrode > 

7 
Field and ion 
flow lines 

<5> 

Figure 1.1 Dlustration of a point-to-plane corona dischai^e. 

The non-uniform electric field causes an electrical discharge in the high-field region near 

the point, at voltages below the spark breakdown of the inter-electrode gap. In this 

region, the electric field is very high and exceeds the breakdown field of the gas. Any 

electron entering the region becomes sufiBciently accelerated, so that in the event of a 

collision with an atom it can detach another electron. This electron is itself accelerated. 

12 
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producing its own electron/ ion pair near the point. During this ionisation process, light is 

emitted and, in air, a bluish glow is visible around the sharp electrode, thus giving the 

discharge its name 'corona'. 

1.8.2 NEGATIVE CORONA DISCHARGE 

The behaviour of the discharge depends on the polarity of the point electrode because of 

the stark difference in nature of positive ions and electrons. When a negative high voltage 

is applied to a point electrode in air, naturally occurring negative ions that enter the high-

field region split to form an electron and a neutral atom. The electron accelerates away 

from the negative point, due to the high electric field, and gains sufficient energy to 

ionise any atom with which it collides. This electron multiplication process continues 

until the new electrons are formed at a distance so far away from the high-field region 

that they are unable to gain sufficient energy from the electric field between collisions to 

ionise any atoms. At the same time, the positive ions that are produced are attracted to the 

negative point electrode, gaining energy from the field. When these collide with the 

electrode they release secondary electrons, which add to the discharge. 

In gases containing electronegative atoms, such as oxygen or fluorine, electrons that have 

insuflBcient energy to form an electron/ positive ion pair attach to a neutral atom to form a 

negative ion. In negative coronas in air, O3 , CO3" and O are the most commonly 

produced ions (Taylor & Seeker, 1994), although Os ̂ TlzO), CO3 (H2O), 02"(H20)2, O2" 

(H20)3, CO4", CO4XH2O), NO2", NO2XH2O) and NO3" are also produced by reactions in 

the interelectrode gap (Bastien, Haug & Lecuiller, 1975). These ions are the main charge 

carriers, which contribute to current flow outside the ionisation region. In non-

electronegative gases, such as pure nitrogen, electrons form the current in a negative 

corona and the current is much higher than that observed in air (Cross, 1987). 

The drift of ions to the anode, under the influence of the electric field, results in collisions 

with neutral gas molecules and imparts momentum to them, creating the ion wind. These 

neutral molecules are induced into motion in the direction of the electric field, giving rise 

13 
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to bulk movement of the air. This wind is created by energy transfer from the ions and is 

not necessarily the movement of the ions themselves. The ion wind transmits up to 50% 

of the discharge power to the planar electrode, in the form of heat and chemically very 

potent excited atoms and molecules. These atomic and molecular radicals are known as 

neutral metastable species and are produced by free electrons in the electrode space. 

These electrons disappear, by dissociative attachment, forming the chemically important 

neutrals such as those shown in the equations below (Lecuiller, Julien & Pucheault, 1972; 

Goldman, Goldman & Sigmond, 1985): 

e +O2 0 + 0 

e +CO2 0 + C 0 

0 +H" - > OH 

O3 +H" 02^ +OH 

CO3 +H+ - > CO2 + OH 

Other active species that are produced by negative corona in an aqueous solution are H, 

HOz and H2O2 (Sun, Sato & Clements, 1997). The metastable species have very short 

half-lives, e.g., O is veiy reactive and has a half-life of only lOOjiS (Demuth, 1984). 

Research into the development of radicals in an aqueous solution by the arrival at the 

surface of negative ions, has found that the ion species is dependent on the regime of the 

discharge such as Trichel, or negative continuous glow (Lecuiller, Julien & Pucheault, 

1972). The hydroxyl radical (OH) is known to play an important role in killing bacteria 

and degrading organic compounds (Sun, Sato & Clements, 1997). Its production 

increases exponentially with applied voltage and is produced in greater quantities in 

positive coronas (Ono & Oda, in press). Another product of both negative and positive 

coronas (3-5% of the total corona products) is ozone (Demuth, 1984). 

1.8.3 POSIT WE CORONA DISCHARGE 

When the point electrode is positive, electrons created by ionisation are attracted to the 

point and positive ions drift towards the plane. The positive ions undergo many collisions 

with neutral molecules and lose energy but do not cause fiirther ionisation. No secondary 

14 
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electrons are formed as they drift towards the cathode with a much reduced energy. The 

electrons created in the ionisation region travel towards the positive point forming 

avalanches of electron/ ion pairs in the gas. Again, most of the current in the drift region 

is carried by ions of the same polarity as that of the point (Cross, 1987). The ions most 

commonly produced in a positive corona under atmospheric and ambient conditions are 

hydrated, such as H^(H20)„, N0^(H20)„, and N02^(H20)» (Taylor & Seeker, 1994); less 

frequently 0H^(H20)„, C0/(H20)„, and O2 (HzO)^ are produced (Pethig, 1983). 

A recent study has shown that the ions H^(H20)„, N 0 \ H20"^(H20)5 are found near 

the planar electrode during positive pulse corona (Held & Peyrous, 1999). A greater 

variety of ions are found near the planar electrode however during positive continuous 

glow corona: H^(H20)„ , Oa"̂ , N 0 \ COa"̂ , N2H^ and less abundantly: H^(H20)„ , 

N2^ NOz . In dry air, only N^, O^, and 62^ are produced (Held & Peyrous, 1999). 

1.8.4 CORONA REGIMES 

Corona discharge is a generic term for a spectrum of different types, or regimes, of 

corona. In negative coronas, even in weakly electronegative gases, the interplay between 

positive and negative space charges within the electrode space leads to the current 

pulsations known as Trichel pulses. If the corona current is increased, these pulsations are 

damped down to produce the continuous glow corona (Sigmond & Goldman, 1978). In 

positive coronas, the burst pulses will either join together, becoming a regularly pulsating 

positive glow {Hermstein glow or ultracorond) covering the active electrode, or the 

largest will develop into positive streamers, which are plasma filaments that carry their 

own ionisation region ahead and propagate rapidly towards the cathode (Sigmond & 

Goldman, 1978). Negative streamers are only important in parallel plate gaps and long 

rod-to-plane gaps. This is because in atmospheric air approximately 1.8MVm"' is needed 

for stable propagation, as opposed to about O.SMVm"' for positive streamers (Sigmond & 

Goldman, 1978). The visual characteristics of the different positive corona regimes, taken 

with a digital camera, can be seen in Figure 1.2. 

15 
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Increasing Applied Voltage 

Figure 1.2 Photographs showing the visual characteristics of each 
positive corona regime with increasing applied voltage to a point-
to-plane electrode geometry. At the onset of corona and during 
positive pulse little light is emitted but with increasing voltage (A) the 
glow can be seen to be localised at the tip of the point electrode. With 
increasing applied voltage, positive glow stabilisation occurs due to a 
localised plasma emitting photons around the point electrode, then (B) 
the plasma can grow into a self-propagating filament containing a 
weakly conducting plasma channel. These filaments can be stable but 
if the voltage is increased fiirther they may become onset-streamers 
and (C) even reach the cathode, exposing the planar surface to high 
energy bursts of ions. If the voltage is increased even fiirther (D) the 
breakdown limit of the gas may be reached and a non-corona spark 
breakdown may occur. 

The corona current-applied voltage characteristics are dependent upon interelectrode gap 

distance, point radius of the electrode and atmospheric RH and pressure. These have been 

investigated by Miyoshi (Miyoshi, Hosokawa & Sakai, 1964). A number of other 

variables can afiect the nature of corona discharge. It has been suggested that most 

corona sunAeys are preferably conducted by one experimenter in order to ensure the 

constancy of these unknown parameters while varying the known (Sigmond & Goldman, 

1978). Although techniques have greatly improved, including the ability to analyse 

corona products more efiectively and use computer simulations to determine chemical 

reactions, the general consensus of authors in the field is that our understanding of the 

processes of corona discharge is still in a rudimentary state. 

16 
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1.9 ELECTROCHEMICAL SURFACE REACNONS IN CORONAS 

Corona discharges are widely used as chemical reactors for surface treatment. An 

industrially veiy important application is the surface treatment of polymers. This 

treatment is used to increase the polymer's wettablility and adhesivity to ease printing, 

painting, sealing, coating etc. (Goldman, Goldman & Sigmond, 1985). The efficiency of 

a corona surface treatment depends upon the polarity of the corona. Negative coronas are 

generally more efficient than positive coronas for oxidation and etching (Sigmond, 

Goldman & Brenna, 1980). Corona products transfer their energy to the polymer by 

breaking chains and creating radicals. Polar bonds and hydrogen bonds formed in this 

way will increase the polymer's surface energy. The bonds most frequently encountered 

are C-0, C=0, C-O-0 , C-OOH (carboxyl group) (Briggs, 1983), and in smaller amounts, 

NH (amino group), NO, NO2 and NO3 (Demuth, 1984). The effect of the corona 

treatment increases with time and current until a saturation point is reached; then 

oxidation processes are counterbalanced by decarboxylation processes, as revealed by the 

ejection of CO, CO2 and H2 molecules emitted from the surfece of the polymer (Laurent, 

Mayoux, Noel et ah, 1983). The chemical changes in the surface often cause changes in 

the structure. 

As early as 1893, Thomson commented on the similarities between current-conducting 

gases and liquid electrolytes (Thomson, 1893). In both types of media the current 

conducting mechanisms are lundamentally interconnected with chemical processes, while 

electrochemical reactions are induced at the interfaces between the media and the metal 

electrodes (Goldman, Goldman & Sigmond, 1985). 

Negative coronas in air of more than 10-20%RH will rapidly form a semi-liquid layer on 

anodic metal surfaces. This layer contains water and NO* ions from the air as well as 

dissolved impurities. Powered by the corona ion current, this layer behaves like any other 

aqueous electrolyte cell, as illustrated in Figure 1.3 (Goldman, Goldman & Sigmond, 

1985). With aluminium as the anode, pronounced pitting occurs and aluminium reaction 

products are formed. When these products were dissolved in hot water, the ions Al^ and 

NO3" were found (Sigmond, Goldman & Brenna, 1980). Under dry conditions, negative 
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air coronas cause only uniform anodic passivation of this metal, building up surfece 

layers charged to several hundred volts. 

Liquid Phase 

o 
O H -
a-

NO,- 4 ) 
Electrolyte 

Gas Phase 

OS-
NO, 

CO, 

Air t y 

o 

OH 

CI 

NO, 

Corrosion 
Products 

A1,03-(H,0), 
AI(OH)3.(Î O)„ 
A1(N03)3.(H,0)„ 
etc... 

03-(H,0)„-
N03(H,0)„-
GO,(H,0), 

CO,(H,0)„-

A1 

Figure 1.3 Dliistration of the similarities between negative corona 
dischai^e and electrolysis. 

The pitting activity of negative ions lead to comparable effects on 
aluminium anodes in an electrolyte and in gaseous corona discharge. 
(Based on Goldman, Goldman & Sigmond, 1985). 
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1.10 IBOPMSERSLHVTREDE MANAGEMENT OF ASTHMA 

In the late 1950's/ early 1960's Kreuger et al, researched the effect of ionisers on the 

respiratory system of anaesthetized laboratory animals and isolated tissue. He reported 

that the influence of positive ions could cause a sensitive organism to develop a condition 

similar to that of an asthma attack (Kreuger & Smith, 1960; Kreuger, 1962). Negative 

ions, on the other hand, were seen to reverse the harmful effects caused by the positive. 

Further investigations led to the discovery that O and COz^ are the mediators of any 

physiological effects that occur in the trachea, as a result of atmospheric ionisation 

(Kreuger & Smith, 1960). 

Research into treating asthma sufferers with a therapy consisting of exposure to negative 

ions led to varying success (Field, Schulte, Mikat et al., 1961; Kombleuh & GrifBn, 

1955; Kombleu, Piersol & Speicher, 1958). Although some researchers reported positive 

results in one half of their attempts to treat asthma attacks with negative ions, the effect, 

if any, was thought to be very small and possibly due to the psychological effects of the 

treatment. Attempting to eliminate the psychological factor from their investigations, 

experiments were devised in order to determine the effect of positive and negative 

ionisation of the surrounding local atmosphere on infants below the age of one (Palti, De 

Nour & Abrahamov, 1966). The results of these tests were optimistic and led to the 

conclusions that negative ions caused: 

® Shorter duration of an asthma attack, as compared with the duration of the attack in 

children receiving conventional treatment 

• Reduction of tachypnoea (increased breathing rate) in cases of bronchospasms 

• Termination of attacks induced by positive ionisation. 

Positive ions were found to: 

• Induce attacks in normal infants 

• Cancel the therapeutic effects of negative ions. 
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Although the previous studies had suggested a beneficial efiect of negative ions on lung 

function in asthmatics, the observed changes were always minor (Jones, O'Conner, 

Collins et al, 1976). Some researchers also found that a slight improvement in lung 

fimction could also be seen with positive ions (Osterballe, Weeke & Albrechtson, 1979). 

Unfortunately poor regard for control subjects is a major criticism of early experiments 

into the efiect of ions on the respiratory system. 

More recently, Ben-Dov et ah, studied the response of 17 asthmatic patients, aged 

between 10-20 years, to exercise while breathing negatively ionised air under controlled 

conditions (Ben-Dov, Amirav, Shochina et al, 1983). Their results showed that exercise-

induced asthma was significantly attenuated in the test in which negatively ionised air 

was breathed during exercise. This reduction in exercise-induced bronchial reactivity 

occurred in all but one of the patients tested. 

Controlled investigations into the effect of positive ionisation of inspired air on bronchial 

reactivity have also been performed (Lipin, Gur, Amtai et al, 1984). The results showed 

that positively ionised air aggravated exercise-induced asthma in eight out of the twelve 

subjects tested. The concentration of positive ions was of the same order as the negative 

ions in their previous study, i.e., 5 - 10x10^ ionscm"^ (Ben-Dov, Amirav, Shochina et al, 

1983). From these studies it was concluded that the ionic charge of the air could possibly 

influence the bronchial response to exercise and that this, in addition to the other known 

variables such as temperature and humidity, could be a modifying factor. 

However, Nogrady and Fumass (1983) performed a six month, double blind, crossover 

study into the benefits of using negative ion generators on 20 subjects with stable asthma. 

After an initial two week period without an ioniser, active or placebo ionisers were 

installed in the subjects' bedrooms for two eight week periods, separated by a four week 

period when no ioniser was present. From the results of their study, these investigators 

concluded that there were no significant differences in the subjects' peak expiratory flow 

rate (PEFR), symptom score or consumption of medication throughout the experiment. 

Thus, negative ion generators imparted no significant benefit to asthmatic subjects. 
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Nogrady and Fumass suggest that due to the ability of negative ion generators to enhance 

the precipitation of airborne particulates including allergenic dust, any benefit shown in 

earlier studies could have been attributable to this phenomenon. However, one study 

using electrostatic precipitators has failed to show any significant benefit for asthma 

suflFerers (Mitchell & Elliot, 1980). This study has also been criticised because any 

improvement gained might have been offset by the production of the positive air ions that 

the precipitator used (Podleski, 1980). This idea is also contentious and some think that 

the biological effect of air ions is so small, even in concentrations far exceeding natural 

levels, that it is difiScult to measure their effects. Additional difficulties include 

controlling and measuring all the environmental factors that may influence the 

experiment (Ball, 1980). Nogrady and Fumass also suggested a possible reason why their 

study did not show any significant improvement in the health of the subjects - the 

production of ozone by the corona discharge-utilising ionisers. Ozone is known to have a 

bronchoconstrictor action and would thus mask any beneficial actions of the negative 

ions. Although they mentioned that during bench testing of the ionisers they could not 

detect ozone from two metres away, no values of ozone production, or how it was 

measured, were given. 

Thus, the use of ionisers alone is not at present recommended for the use in the home for 

the symptomatic relief of asthma (Collof, Ayres, Carswell et ah, 1992). 

I l l THE DELETERIOUS EFFECT CHrCKaDPnECMVECEAl̂ nH 

Ozone is an air pollutant that has been recognised as an important public health hazard. 

People believed to be at particular risk for the adverse effects of ozone include those with 

chronic pulmonary disease and asthma (Paulo & Gong, 1991; Lippman, 1989). 

Epidemiological studies have also demonstrated reductions in the pulmonary function of 

both asthmatics and non-asthmatics with increased levels of ambient ozone (Bates & 

Sizto, 1987; Lioy, Vollmuth & Lippman, 1985). Thus ozone may play a significant role 

in the exacerbation of airway disease in asthmatics. Long-term exposure may also cause 
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irreversible lung destruction and cancer (Reiser, Tyler, Hennessy et al, 1987; Witschi, 

1988). 

Studies into the effect of ambient ozone concentrations on non-allergic and non-asthmatic 

volunteers have shown that exposure to ozone results in a decrease of pulmonaiy function 

and induces a neutrophilic influx into the lower airways (Koren, Devlin, Graham et al, 

1989; Devlin, McDonnell, Mann et al, 1991; Folinsbee, Mc Donald & Horstman, 1988). 

Although, research has not yet been able to fully define the mechanism(s) by which 

ozone exposure may act to alter asthmatic airway inflammation or bronchospasm, present 

research does suggest that ozone can induce airway inflammation in humans. 

Another study has shown that ozone, like allergen after a clean air exposure, acts as a 

stimulus for eosinophil influx into nasal secretions (Bascom, Naclerio, Fitzgerald et al., 

1990). These researchers performed allergen challenges in patients with allergic rhinitis 

after exposure to clean air or O.Sppm ozone for 4 hours. The results of their nasal lavages 

also showed that ozone has an intrinsic inflammatory action that mimics, to a certain 

degree, the eflect that allergen challenge can have in subjects with allergic rhinitis. 

1.12 PROTEIN STRUCTURE 

Most allergens are proteins (including those studied in this investigation). Proteins are 

polymers formed by condensation reactions between amino acids. Once incorporated into 

a protein the amino acids are termed residues. There are twenty amino acids used to make 

proteins and all have individual structures because they all have different functional 

groups (R). The R group is called the side chain of the amino acid. 

The bond between amino acid residues is termed the peptide bond and is formed in the 

condensation reaction illustrated below: 
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Peptide bond 

i^Hz-c-cocxH K]\[H[2-(:-(:ooH -»i\ni2-(:-ccMsnH[4:-(:()()ii k lizO 

R1 R2 * FLl FL2 

Amino-terminus Carboxy-terminus 

The function of a protein is determined by, and is dependent on, its three-dimensional 

structure. The shape of a protein is determined first by its primary structure, i.e., the 

sequence of amino acid residues. The symmetrical folding of the polypeptide chain 

determines the secondary structure, e.g., the a-helix, or the P-sheet, and the tertiary 

structure is the way the various secondary structures fold about each other. (Stryer, 1995). 

A protein can become denatured by the presence of a number of agents that can disrupt 

the three-dimensional structure (see Figure 1.4). Changes in pH, or salt concentration, 

alter the electrostatic interactions between charged amino acids and also interfere with 

hydrogen bonding between residues. Increasing the temperature reduces the strength of 

hydrogen bonds, and the presence of reducing agents leads to the breaking of disulphide 

bonds between cysteine residues within the molecule. The primary structure of a protein 

remains intact when it has been denatured because none of these agents break the peptide 

bonds between amino acid residues. 

When a protein has been denatured, it loses its function. Oflien, when a protein has been 

gently denatured and is then returned to its optimum conditions of temperature, pH, salt 

concentration etc., it can spontaneously regain its fimction, or become renatured. This 

happens due to spontaneous resumption of its native three-dimensional shape, which is 

intrinsic to the protein, i.e., no outside agent is required to refold it. This is due to the fact 

that the final shape of the protein is due to the precise sequence of amino acid residues 

and their electrostatic interactions within the molecule (Wada and Nakamura, 1981). 
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Figure 1.4. Diagram illustrating the denaturing and renaturing of a protein. 

The normal structure of the protein, stabilised by hydrogen bonding and disulphide 
bonds becomes denatured by, for example, increased temperature or lower pH, thus 
reducing the disulphide bonds (S-S) and weakening the hydrogen bonding. In this 
state, any conformational epitopes, or active sites, will be lost. However linear 
epitopes, consisting of a sequence of amino acid residues contiguous to each other, 
will not be altered. l%)on return to optimum conditions, the protein will renature and 
return to its native form, regaining all activity. 
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Together with hydrogen bonds and electrostatic interactions, disulphide bridges may 

form between cysteine residues. The amino acid cysteine, shown in Figure 1.5, is 

important in the allergens studied in this investigation because of the three disulphide 

bonds used to stabilise the conformational epitopes of Group 1 & 2 allergens (Smith & 

Chapman, 1996; Lombardero, Heymann, Platts-Mills et ah, 1990) and the cysteine 

residue at the centre of the active site of Group 1 allergens (Chua, Stewart, Thomas et ah, 

1988). 

COOH 

Figure 1.5. The ammo acid cysteme. 

1.13 AIMS OF THE PRESENT INVESTIGATION 

As the link between HDM occurrence and atopic asthma is now well established 

(Korsgaard, 1998b), methods of reducing exposure to HDM allergen is important in the 

avoidance and control of atopic disease. Ionisers have been investigated for any potential 

clinical benefits they may have, however, the potential allergen-destroying efficacy of 

corona discharge has not previously been investigated. 

The aims of this investigation were to determine whether corona discharge had a 

detrimental effect on the integrity of the major household allergens Der p i , Der fl , Der 

p2 and Pel dl and whether it could translate well into a practical application for reducing 

allergen concentration in the domestic environment. Alterations to the structure of the 

allergen would result in the protein's loss of activity and the failure of the allergen to be 

recognised by the immune system, thereby reducing the risk of sensitisation and/ or the 

elicitation of the symptoms of allergic disease. 
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The method most commonly used to investigate the effects of a treatment on household 

allergens is to use a heterogeneous powder mixture containing the desired allergen. This 

is usually spent dust mite culture medium, or sieved house dust collected from vacuum 

cleaner bags. Preliminary experiments into the effect of corona discharge on sieved dust 

mite culture, although encouraging, didn't allow detailed studies {Section 2.3). The aim 

of the investigation into the variability of Der pi concentration in samples aimed to 

improve the concentration homogeneity of samples and allow detailed investigation of 

the effect of corona discharge on allergens {Section 2.4). The resultant technique was 

then used in the following investigations. 

Using a corona electrode apparatus of constant point radius, interelectrode gap and 

surrounded by a constant ambient temperature, investigations to determine the effects of 

corona discharge were performed. Studies into the effect of initial allergen concentration 

were performed in order to determine whether the amount of allergen present on the 

planar electrode affected the percentage reduction and number of molecules of allergen 

destroyed per unit exposure {Section 3.2). 

Experiments into the effect of the duration of exposure to corona discharge, using 

different corona regimes and polarities {Section 3.3), the magnitude of the corona current 

{Section 3.4), and the relative humidity of the surrounding atmosphere {Section 5.5) were 

performed in order to characterise the response of the different allergens to these 

variables of corona discharge. The powerful oxidizing corona product, molecular ozone, 

was also investigated using an ultra-violet (U.V.) lamp to produce the gas in order to 

determine whether this was responsible for the effects of corona discharge on the 

allergens {Section 3.6). Ozone is deleterious to health; therefore if it were not involved in 

the mechanism of corona-destruction of allergens then future attempts to reduce this 

would be beneficial. Concentration analysis of the allergen under test was performed 

using Enzyme-Linked Immunosorbent assay (ELISA) throughout the investigations. 

Aluminium foil was used as the planar electrode in all tests. However, this does not 

remain inert during corona irradiation but reacts with the corona products to produce a 
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number of aluminium oxides (see Section 1.9). In order to determine the effect that these 

products may have upon the allergen, and also on the integrity of the biological 

components of ELISA, experiments were designed aimed at testing these potential 

artefacts {Section 3.7). Der pi was tested to see whether, after exposure to corona 

discharge, the allergen could renature (Section 3.8). This would give an indication of the 

mechanism of corona-destruction of this allergen, i.e., if the protein's structure is altered 

due to loss of hydrogen bonding within the structure or whether more permanent 

alterations are made due to chemical modification or cleavage of the protein's primary 

structure. 

Due to the encouraging results of the previous investigations, the final stage in the series 

of experiments aimed at determining whether the technique of corona-destruction could 

translate well into a practical application for the removal of allergens Irom the domestic 

environment. Chamber tests of an experimental nine-pin ion wind generator, or a small 

commercially available ioniser (designed for use in wardrobes to remove odours) were 

performed in order to determine whether Der pi samples could be destroyed at larger 

distances away from the corona source over different time periods {Section 4.3). 

This experimental ion wind generator and a larger commercially available ioniser 

(designed for cleaning the air of large rooms) were also tested in room-scale exposures 

using an unoccupied, furnished office room. This enabled the determination of the 

efficacy of the ionisers under conditions more closely resembling an in situ application 

{Section 4.8). This latter test utilised distances of up to 4m away from the corona source. 

In Section 4.9, an investigation is described that aimed at determining the extent to which 

any corona products, responsible for the allergen-destroying effects observed in previous 

experiments, could penetrate into different fabrics and foams used in soft furnishings. 

This is important to investigate because the main allergen reservoir in the domestic 

environment is present inside mattresses and soft furnishings. A successful application of 

corona discharge to remove allergens from the home would have to include this property 

of penetration. 
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MATERIALS AND METHODS 

2.1 DETERMINATION OF THE CURRENT-VOLTAGE 

CHARACTERISTICS OF THE PIN-TO-PLANE CORONA SET-UP 

As described in Section 1.8, the behaviour of corona discharge depends upon variables 

such as RH and the applied voltage. In a pin-to-plane corona set-up, just after corona 

onset, the ions will drift from the point to the planar electrode producing pulses in the 

corona current. Depending on the polarity of the applied voltage, these pulses are either 

called negative Trichel corona, or positive pulse corona. As the applied voltage is 

increased the corona current also increases and the pulses will become more frequent and 

dampen down until negative, or positive, continuous glow corona is produced. The 

magnitude of the corona current will be greater in continuous glow regimes due to the 

greater variety of ions produced (Held & Peyrous, 1999). If the applied voltage is 

increased further, high-energy streamers will be produced provided the electrode 

geometry and conditions are appropriate. 

In order to investigate any effect that these different regimes might have upon the 

allergen content of a sample, it was necessary to determine the corona current-applied 

voltage characteristics of the electrode arrangement used. By plotting the current-voltage 

characteristics, it was possible to determine the onset of each regime together with the 

range of corona currents and applied voltages at which they occur in the experimental 

conditions used. 
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2 . 1 . 1 CONSTRUCTION OF THE POINT-TO-PLANE CORONA ELECTRODES 

A simple point-to-plane corona apparatus was made using Perspex 10mm wide (see 

Figure 2.1 for a photograph and schematic diagram). A frame was made with the Perspex 

and a stainless steel pin (point radius 45|im) was inserted through the centre of the top. 

The lower surface of the frame was then covered with a sheet of aluminium to form the 

planar electrode. This produced a fixed interelectrode gap of 15mm. A fi^me of 

aluminium, coated on the upper surface with insulating tape, with a 20mm^ square 

removed from the cenfre was then placed over the planar electrode and hinged at one 

side. This frame was used to locate samples of allergen solution, which had been 

evaporated onto aluminium foil firmly to the planar electrode (see Chapter 3). The planar 

electrode could then be connected to earth and direct current (d.c.) high voltage of the 

desired polarity applied to the pin using a high voltage generator (Model 3807: Alpha 

Series HI, Brandenberg Ltd., Surrey, England). 

7 ^ 

" G ) " 

Figure 2.1 Photograph and schematic diagram of the point-
to-plane corona electrode apparatus used to investigate the 
effects of corona dischai^e on allei^ens. 
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2.1.2 MEASUREMENT OF THE CURRENT-VOLTAGE CHARACTERISTICS OF 

THE POINT-TO-PLANE CORONA ELECTRODES 

The corona apparatus was placed on a 12mm thick Teflon base and the point electrode 

was connected to a d.c., high voltage supply. The voltage was recorded with an 

electrostatic voltmeter (SCALAMP, WG PYE & Co Ltd., Cambridge, England). The 

planar electrode was connected to earth through a microammeter (Universal Avometer, 

Model 8 Mk 7, Dover, England). 

A 30mm^ piece of aluminium foil was fixed to the planar electrode and the high voltage 

generator was switched on. The applied voltage was increased in 0.5kV increments every 

five seconds until the breakdown voltage of the interelectrode gap was reached. At each 

increment the corona current was recorded. This was repeated three times at constant RH 

values of 2.4%, 10%, 20%, 45% and 50%. After each test, a digital oscilloscope (Model: 

TDS 210, TEKTRONIX INC., Beaverton, Or., USA) was connected in the ground line to 

verify the onset of the pulse or continuous glow regime and to record the visual 

characteristics of each regime. 

To achieve relative humidities of 20, 45 and 50% the experiment was performed in a 

temperature and humidity-controlled room using a combined dehumidifier (Model: 

MD08, Munters, Huntingdon, England) and humidifier (Defensor, Model: 2000-V, 

Munters, Huntingdon, England). To perform the experiment at 10%RH, the corona 

electrodes were sealed inside a glass vessel with compressed air entering the vessel at a 

low velocity of 0.25ms'' to ensure that the pressure was not raised above atmospheric 

pressure (lO^Pa) inside the vessel (see Figure 2.2 for a photograph of the apparatus). The 

RH of the compressed air was constant at 10%. To repeat the experiment at 2.4%RH, the 

compressed air was first dried by being passed through a i m glass tube filled with colour-

indicating silica gel. The results are shown in Section 2.5. 
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Compressed air 

Brandenberg 
high volt^e 
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Exhaust gas Rotameter 

Electrostatic 
voltmeter Avometer 
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Figure 2.2 Photograph of the apparatus used to determine the 
current-voltage characteristics of the point-to-plane corona 
electrodes in an atmosphere of 10% and 2.4%RH. 
Compressed air was passed through the silica gel and into the sealed 
glass vessel containing the corona electrodes at a fixed rate. The 
Brandenberg high voltage generator was then turned on and the 
applied voltage to the point electrode measured using the 
electrostatic voltmeter. The corona current from the ground line was 
measured using the Avometer. No silica gel was necessary to 
achieve an RH of 10%. 
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Cultures of HDMs were obtained by placing material obtained from British domestic 

vacuum cleaner bags that tested positive for Der pi by ELISA (Enzyme-Linked 

Immunosorbent Assay) using anti Der pi monoclonal antibody (mAb) 5H8 and 

biotinylated anti Group 1 mAb 4C1 (INDOOR Biotechnologies Ltd., Cardiff, UK) 

(Luczynska, Arruda, Platts-Mills et al, 1989) into 0.5 litre jars containing culture 

medium. Cultures require a container, an area-enlarging substrate, high protein food and 

favourable temperature and humidity (Wharton, 1976). These conditions were met by 

using 465g of finely ground dog biscuit as the food and 14g (3% of the total mass) of 

dried yeast as the substrate. The humidity was maintained in equilibrium at 75%, and the 

temperature was kept at a constant 25°C (optimum HDM conditions) by using a tray of 

saturated saline solution (NaCl(aq)) placed at the bottom of the incubator. The size of the 

cultured mite population was assessed by removing a small sample for viewing under the 

microscope to count mites and by ELISA to obtain a value of Der pi concentration. Once 

the culture had become established for several months it was frozen to kill any living 

mites and so arrest frirther allergen production. 
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The point-to-plane corona electrodes (described in Section 2.1.1) were used in this test. 

Onto the planar electrode, 400pg of finely sieved (<63pm) culture medium was placed 

using a spatula and half of this was then removed, weighed and kept as the control in 

ambient air for the duration of the experiment. The remaining sample was then 

redistributed evenly over the planar electrode. The pin was connected to a negative d.c. 

high voltage supply (Model 3807: Alpha Series HI, Brandenberg Ltd., Surrey, England) 

to create a corona discharge with a corona current of 90pA. Samples were exposed for 

60,120,180,240 and 300 minutes. The sample was then carefully removed, weighed and 

diluted 100-fold with 1% Bovine Serum Albumin in 0.05% Phosphate-Buffered Saline 

with Tween20 (BSA-PBS-T) in preparation for ELISA. The control dust, previously 

removed, was treated the same. This protocol was repeated to produce 12 replicates. Any 

solid particulates that accumulated on the pin during corona discharge were brushed into 

an eppendorf and added to 200pl 1% BSA-PBS-T and prepared for ELISA. The relative 

humidity was constant at 45% and the temperature was constant at 25°C. Results are 

shown in Section 2.6. 
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2.4 INVESTIGATION OF DERPL SAMPLE VARIABILITY 

This investigation was performed to determine the extent of Der pi concentration 

heterogeneity. Methods of allergen distribution and preparation are investigated to 

determine the most consistent method of preparing Der pi samples for exposure to 

corona discharge. 

:2.4.1 ]PRBPARLATRI()N ()F JLNJLQINE()US S()IJLNRI()N()F MCMM (ZTNLTTLMJC 

A HDM culture was prepared according to Section 2.2 and sieved to below 63pni. 15g of 

this culture fraction were then added to 400ml of distilled water. This mixture was stirred 

well to enable all the Der pi to dissolve, then passed through filter paper {Whatman, 

qualitative, grade 4) to remove solid material. Thimerosal (sodium 

ethylmercurithiosalicylate) was added at a concentration of 0.001% to prevent bacterial, 

fungal and mould growth. 

2 . 4 . 2 DISTRIBUTION OF CULTURE MEDIUM PARTICLES WITH A SPATULA OR 

SIEVE. 

A circular disc of aluminium foil (70mm diameter) was divided equally into 8 sectors. Ig 

of sieved (<63^mi) culture medium was then spread as evenly as possible over the foil 

using a spatula. The culture medium in the individual sectors was then brushed into an 

eppendorf tube and 1% BSA-PBS-T was added to produce a 1 in 100 dilution for 

subsequent testing for Der pi concentration by a two-site monoclonal antibody ELISA 

This procedure was repeated twice. Results are shown in Section 2.7, Figure 2.8. 

In order to assess the importance of the dust distribution technique, Ig of sieved culture 

medium was evenly distributed over the foil discs using a fine sieve (63 pm pore size), 

and then removed as above and prepared for ELISA. This was also repeated twice. 

Results are shown in Section 2.7, Figure 2.9. 
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2 . 4 3 DISTRIBUTION OF THE AQUEOUS SOLUTION OF CULTURE MEDIUM 

Another application method employed an aqueous solution of the culture medium 

prepared according to Section 2.4.1. 300ml of this solution were then poured onto an 

aluminium foil-covered 300mm x 230mm tray and dried at 37°C. Two circular pieces of 

foil of 70mm diameter were then cut out of the foil at random positions. Each were then 

cut into 8 sectors and placed in an eppendorf 1% BSA-PBS-T was added to give a 1 in 

200 dilution in preparation for testing by ELISA. Results are shown in Section 2.7, 

Figure 2.10. 

The final Der pi application method to be investigated also used the culture medium 

solution, prepared as above. Sixteen lOOpi aliquots of this solution were micropipetted 

onto foil and left to evaporate in a drying oven at 37°C. These were diluted 6-fold with 

1 % B SA-PB S-T and prepared for ELISA. Results are shown in Section 2.7, Figure 2.11. 

In order to determine whether evaporation of the aqueous solution of Der pi had any 

detrimental effect on the concentration itself, twelve lOOpI samples were evaporated at 

37°C and diluted in 1% BSA-PBS-T as above and then assayed by ELISA. These 

samples were then compared to the Der p 1 concentration of twelve 100 pi drops that were 

placed directly into an eppendorf and diluted 6-fold in 1% BSA-PBS-T without being 

evaporated. Results are shown in Section 2.7. 
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Figures 2.3 & 2.4 show the applied current-voltage characteristics of the point-to-plane 

corona electrodes during negative, or positive corona. These graphs clearly show the 

dependence of the FV response upon the atmospheric RH. As the RH was increased the 

I/V response curve was shifted to the right and the maximum corona current was 

decreased. The inflexion points that indicate the transition from negative Trichel or 

positive pulse to continuous glow corona generally occurred at higher applied voltages 

for higher values of RH. 
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Figure 2.3. The applied voltage-corona current characteristics for 
negative point-to-plane corona at atmospheric pressure and at different 
relative humidities. 
e = 2.4%RH, V= 10%RH, , = 20%RH, ̂  = 45%RH, 50%RH. The 
interelectrode space was 15mm with a point radius of 45pm (» = 3, SEM 
shown). 
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Figure 2.4 The applied voltage-corona current characteristics for 
positive point-to-plane corona at atmospheric pressure and at different 
relative humidities. 
e = 2.4%RH, V= 10%RH, , = 20%RH, = 45%RH, A= 50%RH. The 
interelectrode space was 15mm with a point radius of 45|j,m (« = 3, SEM 
shown). 

The corona currents and applied voltages of the onset of continuous glow corona are 

shown in Table 2.1. An oscilloscope trace of negative Trichel corona is shown in Figure 

2.5. The transition irom negative Trichel, or positive pulse to continuous glow corona 

indicates the onset of production of a greater quantity and variety of ions (see Section 

1.8). This resulted in the greater increase in corona current observed for each applied 

voltage increment compared with the Trichel and positive pulse regimes. 

37 



CHAPTER 2 

R H Negative Positive 

I/^iA V/kV I / ^ A V/kV 

2.4 35.00 11.0 21.5 12.5 

10 43.87 12.0 23.00 14 

20 54.00 13.0 2333 14.5 

45 80.00 18.0 1932 17 

50 69.12 18.0 33.00 18.5 

Table 2.1 The corona currents and applied voltages at which continuous 
glow corona begins. 
Values are the mean of 3 repUcates. 

1.4 us 

Figure 2.5 An oscilloscope trace of typical Trichel pulses 

Due to the differences in the current-voltage characteristics at different RH values, a 

current was chosen, at each RH, to be representative of the corona regime for later 

investigation. For the negative Trichel corona regime, a corona current of 15|xA was 

chosen for the investigation of the effect of RH on the allergen-reducing efficacy of 

corona (see Sections 3.5 & 3.13) and 25pA was chosen at an RH of 45% for all other 
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experiments performed in this investigation. For negative continuous glow, a current of 

90p.A was chosen. Corona currents of 5)jA and 30pA were chosen to represent the 

positive pulse and positive glow regimes respectively under RH conditions of 2.4,10,20 

and 45%. At an RH level of 50%, a corona current of 20|iA was chosen to represent 

positive glow. 
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2.6 EXPOSURE OF DER P1-CARRYING FAECAL PARTICLES TO 

CORONA DISCHARGE 

Figure 2.6 shows the Derpl concentration in the samples exposed to negative continuous 

glow corona with a corona current of 9 0 J J A for different exposure times and their paired 

controls. When the concentration data was analysed (see Appendix for a description of the 

statistical tests) using the t-test paired for means, or the Mann-Whitney-U test where 

appropriate, only the samples exposed for 180 minutes were statistically lower than their 

controls ( F = 0 . 0 4 5 ) . This was probably due to the large variation in allergen content of the 

controls. 
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Figure 2.6 The Der pi concentrations in the samples exposed to negative 
discharge and their controls 
Samples ( • ) were exposed to 90)LIA, negative continuous glow corona for 
varying exposure times. Controls ( • ) were exposed to the ambient atmosphere 
for the equivalent period. These experiments were performed on 
heterogeneous, sieved HDM culture (*= statistically lower than the control, 
n=\2, SEM shown). 
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Figure 2.7 shows the relationship between the mean percentage reduction in Der pi 

concentration and the length of exposure to corona discharge. The percentage reductions 

increased from -1.90 ±8.99% after 60 minutes exposure through 4.11 ±7.07%, 19.83 

±9.45%, 21.22 ±12.46% and 24.17 ±13.62% after 120, 180, 240 and 300 minutes 

exposure respectively. 
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fYgwrg 2.7 The percentage reduction in Der pi concentration of the 
sieved, HDM culture after exposure to negative continuous glow corona. 

(«=12, SEM shown). 

The cause of the variability was probably due, in part, to the use of a heterogeneous 

sieved culture as the source of the allergen. Heterogeneous powder mixtures inevitably 

lead to concentration variability and the exact concentration of the samples tested could 

not be predicted before the corona exposure. This lack of concentration homogeneity can 
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lead to difficulties in distinguishing the effects of any compound or technique on the 

concentration of the allergen in the sample and even lead to false results. Spurious effects 

are well known using this method, such as an increase in concentration of the allergen in 

a sample that has been treated with a technique known to reduce the allergen (see for 

example, Colloff, Ayres, Carswell et ah, 1992). 

Another problem encountered during corona discharge on the dry culture medium was 

the loss of sample to the surrounding environment. Electrostatic charging and field 

effects led to a visible accumulation of solid material on the upper electrode. The total 

amount was small, weighing less than 0.1 mg. However by adding this to 200^1 of 1% 

BSA-PBS-T, the ELISA determined that the sample consisted of23.92ng of Der pi . 

The particles of the powder mixture on the planar electrode became electrostatically 

charged as a consequence of exposure to uni-polar ions. Particle movement within the 

interelectrode gap was subsequently induced by the electric field. This explains the 

behaviour of the powder escaping the corona set-up or being attracted to the negative 

polarity of the upper electrode. The allergen could also have been attracted to the 

negative polarity of the upper electrode because of the Der pi-carrying faecal particles' 

inherent net positive polarity under dry conditions (Gaynor, Hughes, 1998). 

Due to these aforementioned problems, the 12 replicates were insufficient to obtain a 

statistically significant value for the amount of Der pi destroyed under corona irradiation 

for the majority of time exposures. The following sections investigate different methods 

of allergen sample preparation for the analysis of any effects that corona discharge may 

have upon the allergen. 
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2.7 INVESTIGATION OF DER P1 SAMPLE VARIABILITY 

The Der pi concentration can be seen to vaiy considerably in all tests using sieved 

culture medium. Figure 2.8 shows the Der pi concentration of sectors with allergen 

sample distributed with a spatula. The Der pi concentration of most sectors varied from 

32.45|j,gg"' to 99.63jj,gg"' but sectors 7 and 8 had a much greater concentration of 

604.8Ipgg ' and 618.81 |j.gg'' respectively. 
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Figure 2.8 The concentration of Der pi in the individual sectors 
when a spatula was used to distribute the sieved dust mite 
culture. 

Using a sieve to spread the allergen samples (see Figure 2.9) led to Der pi concentrations 

that varied from 5.91)j.gg'' to 83.27pgg'\ Allowing 300ml of the Der pi solution to 

evaporate on foil led to a greater variability in concentration than using a sieve to 

distribute solid particles (see Figure 2.10). The Der pi concentration varied from 

6.04)LIGG"' to 64.80|a.gg"'. 
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Figure 2.9 The concentration of Der pi in the individual sectors 
after a <63 îm pore sieve was used to distribute the sieved dust 
mite culture. 
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Figure 2.10 The concentration of Der pi in the individual sectors 
after 300ml of Der pi solution was evaporated onto a tray. 
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