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Impactor for Aerosol Component Collection

[0001] This application is concerned with breath collection and analysis. |n particular,
this application discloses an impactor apparatus for aerosol component collection, such as
for exhaled breath component collection, a kit of parts for the impactor apparatus and a

method of extracting aerosol components from a carrier gas.
BACKGROUND

[0002] Exhaled breath can be collected for analysis, for example for use in monitoring a
physiology of a subject, particularly the breathing system thereof, or in indicating an airway

disease.

[0003] Itis known to collect breath by passing exhaled breath directly through a cooled
collection vessel in order to encourage condensation and collection of exhaled breath
vapour. The condensed exhaled breath is deposited in the collection vessel, whilst non-

condensed breath components continue out of the collection vessel.
[0004] Itis In this context that the present invention has been devised.

BRIEF SUMMARY OF THE DISCLOSURE

[0005] The known exhaled breath condensate collection devices collect breath by

condensation of all breath components together.

[0006] Exhaled breath typically contains a mixture of different components in gas phase
(such as vapour) acting as a carrier for liquid phase components (which may condense
from the carrier gas) and as solid phase components, such as liquid and solid particulates,

and as such 1s an aerosol.

[0007] The inventors have realised that it would be beneficial if breath could be collected
so as to enable differentiation and separation of constituent components of breath on
collection. Collection of these components, for example by isolating aerosol components
having particular characteristics, such as size, or separately collecting breath solid or liquid
aerosol components of different sizes, would enable a more detailed analysis of breath

and the condition of a patient’s breathing system and physiology.

[0008] Thus, In accordance with the present disclosure there is provided a kit of parts for
assembly into an impactor for aerosol component collection, such as for exhaled breath.
The kit comprises a housing configured to define an aerosol inlet for receiving an aerosol
sample in use and, when the kit of parts is assembled into the impactor, to define at least
IN part an aerosol flow path from the aerosol inlet through the impactor apparatus. The kit

further comprises an impactor component receivable into an assembly providing the
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Impactor apparatus. The assembly comprises at least the housing. The impactor
component has an impaction surface onto which one or more aerosol components from
the aerosol sample are to be deposited in use. The kit further comprises a sealing
component for sealing around the impaction surface of the impactor component. The
sealing component is changeable from a sample collection configuration in which the
Impaction surface 1s exposed for aerosol component collection to a sample containment
configuration in which the impaction surface is isolated from the external environment. The
Kit of parts Is configured such that the impactor component is receivable into the assembly
such that, when the sealing component is in the sample collection configuration and an
aerosol sample is being received at the aerosol inlet in use, the aerosol flow path of the
aerosol sample Is directed onto the impaction surface to promote aerosol deposition
thereon. The kit of parts is further configured such that the sealing component is
changeable In the assembly into the sample containment configuration before removal of
the impactor component from the assembly, so as to retain any aerosol components

deposited on the impaction surface.

[0009] Cascade impactors, for example Andersen cascade impactors, are known for use
IN analysing the distribution of sizes of solid particulates produced from an aerosolised dry
powder drugs product administered through inhalers. The aerosolised dry powder inhaler
particles are passed through the impactor where components of different sizes are

collected by impaction against successive impactor plates.

[0010] The impactor apparatus assembled from the kit of parts in accordance with the
above aspect of the invention is usable to collect and retain for analysis components of
exhaled breath through aerosol deposition thereof resulting from impaction of the breath
on the impaction surface in use. The impactor is provided with a sealing mechanism
enabling a sealing component to be moveable into the sample containment configuration
before removal of the impactor component from the assembly, so as to retain any aerosol
components deposited on the impaction surface. This avoids loss of the impacted exhaled
breath sample due to evaporation of liquid components from the impaction surface
following collection. Sealing the impaction component before removal from the assembly
ensures that the impacted breath sample is retained for analysis, whereas its liquid
components could otherwise evaporate back into the gas phase of the surrounding air.
Sealing of the impaction component before removal of the sample also ensures that the

sample deposited thereon is not contaminated following collection.

[0011] The inventors have realised that impactors of the prior art cannot be used to
effectively collect components of breath for analysis as the collected breath samples can

evaporate and become contaminated after collection.
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[0012] The impactor apparatus assembled from the kit of parts in accordance with the
above aspect of the invention provides a mechanism for retaining the impacted breath
components in a sealed environment following collection, preventing sample loss and

contamination.

[0013] Thus, sample contamination and/or sample loss for the collected aerosol
components of an aerosol sample can be substantially prevented using a sealing
component to seal around the impaction surface of the impactor component before the

Impactor component is removed from the assembly.

[0014] One or more parts of the kit of parts separately or together may provide a sealing
mechanism which is configured and/or operable such that the sealing component is moved
or caused to be moved into the sample containment configuration after sample collection

before the impactor component is fully removed from the assembly.

[0015] Thus, when the impactor component is fully removed from the assembly, the
sealing component is already In the sample containment configuration and substantially all

aerosol components deposited on the impaction surface are retained.

[0016] The housing may comprise an inlet housing portion, defining the aerosol inlet
therein. The housing may comprise an outlet housing portion, defining an aerosol outlet
therein. The aerosol outlet may be In fluid communication with the aerosol inlet through the

Impactor apparatus when the kit of parts i1s assembled.

[0017] The aerosol inlet may be provided with an inlet pressure valve to substantially
prevent airflow in reverse through the impactor apparatus from the aerosol outlet towards
the aerosol inlet. The inlet pressure valve may further be configured to prevent ingress of
gas Into the impactor apparatus through the aerosol inlet unless the gas is above a
predetermined inlet pressure threshold. In embodiments, the predetermined inlet pressure
threshold may be changed based on an external environment of the impactor apparatus. In
other embodiments, the predetermined inlet pressure threshold may be a fixed pressure

threshold which does not vary with an external environment of the impactor apparatus.

[0018] The aerosol outlet may be provided with an outlet pressure valve to substantially
prevent airflow in reverse through the impactor apparatus from the aerosol outlet towards
the aerosol inlet. The inlet pressure valve may further be configured to prevent transfer of
gas out from the impactor apparatus through the aerosol outlet unless there exists a
pressure differential across the outlet pressure valve above a predetermined outlet
pressure threshold. In embodiments, the predetermined outlet pressure threshold may be

changed based on an external environment of the impactor apparatus. In other
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embodiments, the predetermined outlet pressure threshold may be a fixed pressure

threshold which does not vary with an external environment of the impactor apparatus.

[0019] Thus, contamination of an internal space of the impactor apparatus may be

substantially prevented through use of one or more pressure valves.

5 [0020] It will be understood that the predetermined inlet pressure threshold based on the
external environment of the impactor apparatus may be determined electronically or
Independently. It will similarly be understood that the predetermined outlet pressure
threshold based on the external environment of the impactor apparatus may be

determined electronically or independently.

10 [0021] The housing may comprise at least one impactor housing portion to receive the

Impactor component therein during assembly of the kit of parts.

[0022] The impactor component may be a receptacle or container, such as a shallow
dish. In alternative examples, the impactor component may be provided by a large volume
container to allow for the collection of a large volume of aerosol components. Thus, the

15  Iimpactor component may be suitable for protracted use. The large volume of aerosol

components may be at least 50 millilitres of aerosol components. In some embodiments,
the large volume of components may be at least 1 litre of aerosol components. The
Impaction surface may be provided by a base surface of the receptacle, such as a base

surface of the dish.
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20 [0023] The assembly providing the impactor apparatus may be configured, when
assembled, to control a temperature of the impactor component to be at a predetermined
temperature. The predetermined temperature may be between minus 80 degrees Celsius
to 40 degrees Celsius. In embodiments, the impactor apparatus may be configured, when
assembled to control a temperature of the impactor apparatus to be at the predetermined

25 temperature. Thus, the temperature of the impactor apparatus can be maintained at a
temperature to substantially prevent any sample loss or contamination through evaporation
after and during sample collection. In embodiments, the predetermined temperature may
be lower than a temperature of the aerosol sample on entry to the impactor apparatus. In
embodiments, the predetermined temperature may be lower than an ambient

30 environmental temperature. It will be understood that the temperature control of the
Impactor component may be achieved using a Peltier cooler, or other heat exchange
component. In some embodiments, the heat exchange component Iis arranged to directly
contact the impactor component whereby to facilitate direct heat transfer to or away from
the impactor component. Reducing a temperature of the impactor component has been

35 seen to improve a collection efficiency of the impactor apparatus.
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[0024] The assembly providing the impactor apparatus may have defined therein a
plurality of flow constrictions upstream of the impactor component in the aerosol flow path
and configured to generate a high-velocity aerosol flow onto the impaction surface in the
aerosol flow path. Thus, a plurality of high-velocity jets of aerosol may flow onto the
Impaction surface and cause deposition thereon of aerosol components at multiple

locations across the impaction surface.

[0025] The plurality of flow constrictions may be at least ten flow constrictions. The flow
constrictions may have a length in a flow-wise direction at least as long as an extent of the
flow constriction in a cross-flow direction. In some examples, a length of the flow

constrictions may be at least 3 millimetres.

[0026] The plurality of flow constrictions may be defined in the housing. In embodiments,
the plurality of flow constrictions may be defined in the impactor housing portion of the

housing.

[0027] The kit of parts may comprise a plurality of the impactor components, each
receivable into the assembly to be arranged Iin the assembly together successively In the

aerosol flow path.

[0028] The impactor apparatus may be for collecting aerosol components having
different characteristics in each of the plurality of impactor components. In embodiments,
the impactor apparatus may be for collecting aerosol components of different size and/or

mass In each of the plurality of impactor components.

[0029] The assembly may be configured such that, in the sample collection configuration,
the aerosol flow path directed onto the impaction surface of the impactor component is
directed, downstream, around an outer edge of the impactor component through the
Impactor apparatus. Thus, the aerosol flow path goes from the aerosol inlet, optionally
through the one or more flow constrictions, onto the impaction surface, around the outer

edge of the impactor component, and out of the apparatus via the aerosol outlet.

[0030] The sealing component may be a cover member to cover the impaction surface
when the sealing component is in the sample containment configuration. The sealing
component may be movable from the sample collection configuration to the sample
containment configuration. Thus, a simple mechanical movement may be used to operate

the sealing component.

[0031] The cover member may be a film seal movable to cover the impaction surface

when the sealing component is in the sample containment configuration.

[0032] The cover member may be a rotary seal. The cover member may be a thermal

seal. The cover member may be a pneumatic seal. The cover member may be a
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mechanical seal. The cover member may be an electromechanical seal. The cover
member may be a chemical seal. The cover member may be a linear seal. The cover
member may be a circular seal. The cover member may be a constricting seal. The cover
member may be a spigot seal. The cover member may be a valve seal. The cover member

may be a vacuum based seal.

[0033] The rotary seal may be an iris mechanism. The thermal seal may be a thermal
sealing of plastics. The chemical seal may be a chemical glue seal. It will be appreciated
that other sealing methods and mechanisms will be apparent to the person skilled in the

art.

[0034] Additional sealing or resealing mechanisms may involve thermally activated seals,
photochemically activated seals such as UV crosslinking or other compositive wavelength-

reactive materials.

[0035] The operation of the sealing component may be manual. The operation of the

sealing component may be controlled electronically.

[0036] The cover member may be slidable to move from an uncovered position allowing
the aerosol flow path to be directed onto the impaction surface in the sample collection
configuration to a covered position in which the cover member covers the impaction
surface in the sample containment configuration to retain any aerosol components
deposited on the impaction surface. In examples, it will be understood that the cover
member, when covering the impaction surface, substantially prevents contamination of the

Impaction surface from an external environment of the impactor component.

[0037] The housing may have defined therein an opening for passage therethrough of
the cover member onto the impactor component during movement from the sample

collection configuration to the sample containment configuration.

[0038] The or a further sealing component of the kit of parts may be for sealing around
the impaction surface of the impactor component. The kit of parts may be configured such

that the or the further sealing component is changeable from a sealed configuration In
which the impaction surface iIs isolated from the external environment to the sample

collection configuration in which the impaction surface is exposed for aerosol collection.

[0039] The or the further sealing component may be a cover member to cover the
Impaction surface when the sealing component is in the sealed configuration. The sealing
component may be movable from the sealed configuration to the sample collection

configuration.
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[0040] The housing may have defined therein an opening for passage therethrough of
the cover member moving off the impactor component during movement from the sealed

configuration to the sample collection configuration.

[0041] The housing may comprise an opening cover to selectively close the opening In

S5 the housing.

[0042] The kit of parts may further comprise a lid extraction component to cover the

opening and for receipt of the cover member therein when the sealing component is in the

sample collection configuration.

[0043] The kit of parts may further comprise a cover removal tool for insertion into the
10  housing through the lid extraction component and to engage with the cover member for at

least one of: movement of the cover member from the sealed configuration to the sample

collection configuration; and movement of the cover member from the sample collection

configuration to the sample containment configuration.

[0044] The sealing component may be lockable Iin the sample containment configuration.

15 [0045] The sealing component may be lockable by rotation of the sealing component

relative to the impactor component.

[0046] The housing may be formed from a plurality of housing portions which, when the
Kit of parts Is assembled into the impactor, receive the impactor component therein to

substantially enclose the impactor component within the housing.
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20 [0047] Viewed from another aspect, the present disclosure provides an impactor
apparatus for aerosol component collection and formed from the kit of parts described

hereinbefore.

[0048] Viewed from a further aspect, the present disclosure provides a method of
collecting aerosol components from an aerosol sample in an impactor apparatus. The

25 method comprises: assembling the impactor apparatus from at least a housing to receive
an impactor component within the impactor apparatus. The housing defines, at least In
part, an aerosol flow path from the aerosol inlet through the impactor apparatus. The
Impactor component has an impaction surface onto which one or more aerosol
components from the aerosol sample are to be deposited in use. The impactor component

30 Is provided with a sealing component for sealing around the impaction surface of the
iImpactor component. The sealing component is In a sample collection configuration In
which the impaction surface is exposed for aerosol component collection. The aerosol flow
path of the aerosol sample is directed onto the impaction surface to promote aerosol
deposition thereon. The method further comprises supplying an aerosol sample to an

35 aerosol inlet of a housing of the impactor apparatus to deposit one or more aerosol
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components of the aerosol sample onto the impaction surface. The method further
comprises changing the sealing component from the sample collection configuration to a
sample containment configuration in which the impaction surface is isolated from the
external environment. The sealing component is changed from the sample collection

5 configuration into the sample containment configuration before removal of the impactor
component from the assembly, so as to retain any aerosol components deposited on the

Impaction surface.

[0049] Although the discussion above has focussed In parts on analysis of exhaled
breath, it will be understood that the disclosure above can equally be applied to any

10  aerosol sample for collection of aerosol components. For example, the aerosol may be a
pharmaceutical aerosol, such as an aerosol expelled from a nebuliser. In other examples,
the aerosol may be an environmentally generated aerosol, and animal generated aerosal,

or an instrument generated aerosol.
BRIEF DESCRIPTION OF THE DRAWINGS

15 [0050] Embodiments of the invention are further described hereinafter with reference to

the accompanying drawings, in which:

Figure 1 1s a diagram showing an impactor apparatus for aerosol component

collection;

Figure 2 Is a cross-section through the impactor apparatus shown in Figure 1;

20 Figures 3 to 8 illustrate an assembly of the impactor apparatus shown in Figures 1
and 2;

Figure 9 shows the lid extraction component shown In Figure 8, having the lid

stored therein;
Figure 10 shows the impactor component without the lid shown in Figure 9; and

25 Figure 11 shows a cross-section through a further example of an impactor

apparatus.

DETAILED DESCRIPTION

[0051] Figure 1 Is a diagram showing an impactor apparatus for aerosol component
collection. The impactor apparatus 100 comprises a housing assembly 102 which defines
30 an aerosol flow path (not shown in Figure 1) through the impactor apparatus 100. The
housing assembly 102 comprises an inlet housing portion 104 and an impactor housing
portion 106. In this example, the housing assembly 102 further comprises an outlet
housing portion 108. The inlet housing portion 104 defines an aerosol inlet 110 at an end

thereof. The aerosol inlet 110 is for receiving an aerosol sample. In examples, the aerosol
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Inlet 110 may be connected to further components. For example, where the impactor
apparatus 100 is for use with exhaled breath, the aerosol inlet 110 may be connected to a
mouthpiece module for receiving exhaled breath from a user. Alternatively, where the
impactor apparatus 100 is for use with inhaled drug analysis, the aerosol inlet 110 may be
connected directly or indirectly to a receptacle for storing the inhaled drug, for example an
Inhaler. The aerosol flow path is defined from the aerosol inlet 110 through the impactor
apparatus 100. The impactor housing portion 106 is provided between the inlet housing
portion 104 and the outlet housing portion 108. In this example, the outlet housing portion
108 comprises an outlet pipe 112 for connection to a further component and defining an
aerosol outlet 114. The aerosol outlet 114 Is In fluid communication with the aerosol inlet
110 via the aerosol flow path through the impactor apparatus 100 and in particular through
the impactor housing portion 108. In this example, the outlet pipe 112 is for resilient
Insertion to a connecting tube. In some examples, the outlet pipe 112 may be connected to

a suction pump (not shown).

[0052] As will be described In further detail below, In examples, the housing assembly
102 can be assembled from the inlet housing portion 104, one or more impactor housing
portions 106 and the outlet housing portion 108. The housing assembly 102 can also be
disassembled into separate parts. For assembly, the inlet housing portion 104 can be
secured to the impactor housing portion 106 by securing means. In this example, the
securing means Is In the form of an impactor housing protrusion 116 protruding radially
outward from a side wall of the impactor housing portion 106 and a dog-leg cut out 118
defined in a side wall of the inlet housing portion 104. The impactor housing protrusion 116
and the dog-leg cut out 118 are configured such that when the impactor housing protrusion
116 Is engaged In the dog-leg cut out 118, the Inlet housing portion 104 is secured to the
Impactor housing portion 106. In this example, the impactor housing portion 106 comprises
three impactor housing protrusions 116 circumferentially spaced around the side wall of
the impactor housing portion 106 and the side wall of the inlet housing portion 104 has
defined therein three corresponding dog-leg cut outs 118 circumferentially spaced around
the side wall of the inlet housing portion 104. Thus, the inlet housing portion 104 can be
easily and releasably secured to the impactor housing portion 106. It will be understood
that alternative securing means would be apparent to the skilled person, such as a screw

connection, one or more clamps, bootstraps, or other fasteners.

[0053] In a similar way, the impactor housing portion 106 can be secured to the outlet
housing portion 108 by securing means. In this example, the securing means is
substantially the same as the securing means used to secure the inlet housing portion 104

to the impactor housing portion 106. In this example, the securing means iIs in the form of
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an outlet housing protrusion 120 protruding radially outward from a side wall of the outlet
housing portion 108 and a dog-leg cut out 122 defined in a side wall of the impactor
housing portion 106. The outlet housing protrusion 120 and the dog-leg cut out 122 are
configured such that when the outlet housing protrusion 120 Is engaged in the dog-leg cut
out 122, the impactor housing portion 106 is secured to the outlet housing portion 108. In
this example, the outlet housing portion 108 comprises three outlet housing protrusions
120 circumferentially spaced around the side wall of the outlet housing portion 108 and the
side wall of the impactor housing portion 106 has defined therein three corresponding dog-
leg cut outs 122 circumferentially spaced around the side wall of the impactor housing
portion 106. Thus, the impactor housing portion 106 can be easily and releasably secured

to the outlet housing portion 108.

[0054] Figure 2 shows a cross-section through the impactor apparatus 100 shown In
Figure 1. An aerosol flow path 124 is shown schematically in Figure 2 by a series of dotted
arrows. The aerosol flow path 124 shows an aerosol sample enters the impactor apparatus
100 through the aerosol inlet 110. The aerosol sample then passes to the impactor
housing portion 106 and on to the outlet housing portion 108 and out of the impactor

apparatus 100 through the aerosol outlet 114.

[0085] As can be seen In Figure 2, the impactor housing portion 106 has defined therein
a plurality of flow constrictions 126 to generate a high-velocity aerosol flow in the form of
jets. In the configuration of the impactor apparatus 100 shown In Figure 2, which is a
sample collection configuration, the impactor housing portion 106 also includes an
Impactor component 128 in the form of a receptacle which defines an impaction surface
130. The impactor component 128 is receivable into the rest of the impactor apparatus 100
IN use and Is spaced from an internal wall of the impactor housing portion 106 such that
the aerosol flow path 124 continues from the flow constrictions 126, turning to flow along
the impaction surface 130 and around an outer edge of the impactor component 128. The
Impactor component 128 Is spaced from an upper surface of the outlet housing portion 108
whereby to allow the aerosol flow path 124 to continue under the impactor component 128,
Into the outlet housing portion 108 and out of the impactor apparatus 100 through the
aerosol outlet 114. In this example, the impactor component 128 i1s a dish, such as a
shallow dish, having the impaction surface as a base internal surface thereof. A height of a
side wall of the impactor component 128 in this example is approximately 8 millimetres. In
other examples, the height of the side wall of an impactor component may be as low as 3
millimetres. In further examples, the height of the side wall of an impactor component may

be up to 2 centimetres, or more. It will be understood that at least the impactor housing
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portion 106 may be shaped to surround an impactor component 128 having a

predetermined size.

[0056] In this example, the inlet housing portion 104, the impactor housing portion 106
and the outlet housing portion 108 are provided with respective sealing members 107, 109
therebetween such that, when the inlet housing portion 104 is secured to the impactor
housing portion 106 and when the impactor housing portion 106 Is secured to the outlet
housing portion 108, as shown In Figure 2, the egress or ingress of gasses or other
contaminants or aerosol components between a side wall of the inlet housing portion 104
and a side wall of the impactor housing portion 106 or between a side wall of the impactor
housing portion 106 and a side wall of the outlet housing portion 108 Is substantially
prevented. Thus, an internal space of the housing assembly 102 defined by the inlet
housing portion 104, the impactor housing portion 106 and the outlet housing portion 108
IS substantially isolated from an external environment of the impactor apparatus 100. In
this example, the sealing members 107, 109 between the housing portions are each ring
seals. The ring seal in this example is an O-ring formed from a resilient material, such as
neoprene. It will be understood that alternative sealing members between the housing
portions 104, 106, 108 of the housing assembly 102 may be suitable and apparent to the

skilled person.

[0057] As will be appreciated, the aerosol sample, such as exhaled breath, to be
Introduced into the aerosol inlet 110 of the impactor apparatus 100 in use, may contain
one or more aerosol components, such as droplets of liquid or particulates. The aerosol
components will be entrained in the aerosol sample following the aerosol flow path 124.
The aerosol sample flows through the flow constrictions 126 and is directed onto the
Impaction surface 130, but must turn sharply to flow along the impaction surface 130. This
promotes deposition of aerosol components onto the impaction surface 130 in use. Larger
or heavier aerosol components may not be able to change direction quickly enough and
will be deposited onto the impaction surface 130 by impaction. It will be understood that
the tightness of the turn required and the flow velocity of the aerosol sample will determine
the size and/or mass above which aerosol components will be deposited by impaction on
the impaction surface 130. For example, where the impaction surface 130 is located
further from the flow constrictions 126, the flow speed will have reduced, and aerosol
components will need to be bigger and/or heavier in order to be deposited out of the
aerosol sample by impaction. Similarly, where the flow constrictions 126 are narrower, the
flow speed will be increased and aerosol components having smaller sizes and/or masses

will be deposited out of the aerosol sample by impaction onto the impaction surface 130.
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[0058] In this example, a cross-sectional area of the aerosol inlet 110 iIs substantially the
same as the total cross-sectional area of the combination of the flow constrictions 126
through the single impactor component 128. It will be understood that any reduction in the
cross-sectional area of either the aerosol inlet 110 or the total cross-sectional area of the
combination of the flow constrictions 126 may increase a resistance to breathing when the

iImpactor apparatus 100 1s used for collecting components of exhaled breath.

[0059] In this example, the impactor component 128 is in the form of a container, for
example a shallow container, and the impaction surface 130 is provided by a base of the
container. Thus, the impaction surface 130 Is an impaction plate in this example. In this
example, the impaction surface 130 is a flat surface. In other examples, it will be
understood that the impaction surface 130 may be a patterned surface whereby to
Increase a surface area of the impaction surface 130, or to modify a flow characteristic of
the aerosol sample following the aerosol flow path 124 onto the impaction surface 130. For
this purpose, In example, the impaction surface 130 may have defined therein

Invaginations, flanges, scalloping, or any other defined or chaotic surface features.

[0060] In order to prevent contamination or escape of the aerosol components collected
by impaction on the impaction surface 130, the impactor apparatus 100 also comprises a
sealing component (not shown In Figure 2) for sealing around the impaction surface 130 of
the impactor component 128. The sealing component is changeable from a sample
collection configuration in which the impaction surface 130 is exposed for aerosol
component collection to a sample containment configuration in which the impaction
surface 130 is isolated form the external environment. |t will be understood that Figure 2
shown the sealing component in a sample collection configuration with the impaction

surface 130 exposed for aerosol component collection.

[0061] It will be understood that the size of the flow constrictions 126 can vary as
required to cause deposition of aerosol components onto the impaction surface 130. In this

example, the flow constrictions each has a diameter of 2 millimetres.

[0062] The assembly and operation of an example impactor apparatus 100 will now be
described with reference to Figures 3 to 8. Figure 3 shows the outlet housing portion 108.
To assemble the impactor apparatus 100, the outlet housing portion 108 Is first located on
a working surface. If required, the outlet pipe 112 can be connected to any further devices
for further fluid communication with the aerosol outlet 114. The aerosol outlet 114 is In fluid
communication with an outlet housing portion inlet 134. As described previously, the outlet
housing portion 108 comprises three outlet housing protrusions 120 circumferentially
spaced around the side wall of the outlet housing portion 108. The outlet housing portion

108 further comprises a spacing portion in the form of three spacing members 132 to
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space the impactor component 128 (not shown in Figure 3) away from an upper surface of
the outlet housing portion 108 by approximately 3 millimetres in the present example,
whereby to allow aerosol flow around an outside of the impactor component 128 and into
the outlet housing portion inlet 134. In this example, the three spacing members 132 are
5 arranged to at least partially engage with a plurality of indentations (not shown) defined in

the outer surface of a base portion of the impactor component 128. In this way, the
Impactor component 128 can be biased into a preferred orientation relative to the housing
assembly 102, in particular, relative to the outlet housing portion 108 and the impactor
housing portion 106. In some examples, the spacing members 132 are adjustable In

10  height, whereby to alter a spacing of the impactor component 128 from the outlet housing
portion 108.

[0063] Figure 4 shows the outlet housing portion 108 as shown in Figure 3, with the
addition of the impactor component 128 provided on the spacing members 132 of the
outlet housing portion 108. The impactor component 128 is provided in combination with a
15  sealing component in the form of a cover member such as a lid 136 to isolate an impaction
surface (not shown Iin Figure 4) of the impactor component 128 from the external
environment. Thus, the impactor component 128 can be provided initially in a sealed

configuration whereby to substantially prevent any external contamination of the impactor

components 128.

20 [0064] In some examples, the lid 136 may be have a penetrable section (sometimes

referred to as a septum) provided therein to allow sampling of any aerosol components
collected on the impaction surface without unsealing the impaction surface of the impactor

component 128.

[0065] As shown In Figure 5, the impactor housing portion 106 I1s next assembled onto
25  the outlet housing portion 108 to substantially enclose the impactor component 128. Thus,
the aerosol outlet 114 is In fluid communication with the flow constrictions 126 of the
Impactor housing portion 106 through the impactor apparatus 100. The impactor housing
portion 106 has defined In a side wall thereof a lid removal opening for removal of the lid
136 of the impactor component 128 when the impactor apparatus 100 is assembled. In the
30 present example, the lid removal opening is covered by an opening cover 140 which Is
slidably mounted to the side wall of the impactor housing portion 106 and is provided with
a handle 142 which can be used to slide the opening cover 140 to expose the lid removal
opening (see Figure 6). As with the outlet housing portion 108, the impactor housing
portion 106 further comprises a spacing portion in the form of three spacing members 138

35 to space any further impactor components (see Figure 10) away from the impactor housing
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portion 106 whereby to allow airflow around an outer edge of the impactor component

through the impactor apparatus 100.

[0066] In this example, the Inlet housing portion 104 I1s next assembled onto the impactor
housing portion 106 to provide a complete impactor apparatus 100, having a single
Impaction stage, as shown in Figure 1. Thus, the impactor apparatus 100 can be fully

assembled while maintaining the impactor component 128 in a sealed configuration.

[0067] To provide the impactor apparatus 100 in a sample collection configuration, the
opening cover 140, If present, must first be moved to expose a lid removal opening 144 In
the impactor housing portion 106 as shown Iin Figure 6. Next, the sealing component, In
the form of the lid 136, must be removed from the impactor component 128 in order to
expose the impaction surface 130 for aerosol component collection. It will be understood
from Figures 4 and © that the indentations in the outer surface of the base portion of the
Impactor component 128 ensure that an orientation of the impactor component 128 on the
spacing members 132 Is such that the lid 136 can be removed through the lid removal
opening 144. The engagement of the spacing member 132 within the indentations on the
outer surface of the impactor component 128 further ensure that the impactor component
128 does not slide towards an internal surface of the impactor housing portion 106 during
removal of the lid 136 from the impactor component 128. In the present example, the lid
136 can be easily slid off the impactor component 128 using a lid removal tool 146 which is
removably attachable to the lid 136 for easily moving the lid 136, even when the impactor
component 128 Is contained within the impactor housing portion 106. In some examples,
the lid 136 1s completely removed from the impactor apparatus 100 and stored elsewhere
during aerosol component collection. Alternatively, as shown In Figure 7, the lid 136 can
be removed Into a lid extraction component 148 (show as transparent in Figure /) which
can store the lid 136 In a substantially sterile and/or sealed environment during sample
collection to substantially prevent contamination of the aerosol component sample after
sample collection. The lid extraction component 148 attached to the impactor housing
portion 106 around the lid removal opening 144. An extraction component lid removal tool
150 1s provided and is similar to the lid removal tool 146 shown In Figure 6. In particular,
the extraction component lid removal tool 150 Is attachable to an edge of the lid 136,
whereby to slide the lid 136 off the impactor component 128 contained within the impactor
housing portion 106. As will be understood, the extraction component lid removal tool 150
can also be used for moving the lid 136 onto the impactor component 128 to provide the

sealing component in the sample containment configuration.

[0068] Figure 8 shows the lid extraction component 148 shown In Figure /7, with the lid

136 stored therein. As In Figure 7, the lid extraction component 148 is shown In
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transparent to facilitate visibility of the lid 136 through the lid extraction component 148.
The lid extraction component 148 is configured to attach to the impactor housing portion
106 around the lid removal opening 144. An entrance portion 149 of the lid extraction
component 148 Is covered by a seal member 151. Thus, when the lid 136 Is stored within
the lid extraction component 148, the lid 136 can be sealed from the external environment
which substantially prevents contamination of any deposits on the impaction surface 130
when the lid 136 is replaced onto the impactor component 128 for removal of the sample
from the impactor apparatus 100. As explained in relation to Figure 7 above, the extraction
component lid removal tool 150 Is attached to the edge of the lid 136 for removal and

replacement of the lid 136 on the impactor component 128.

[0069] Figure 9 shows the impactor component 128 with the lid 136 provided in a locked
configuration. In this example, the lid 136 Is sealed around an impaction surface of the
Impactor component 128. In particular, a distal end of the lid 136 I1s engaged within a
groove defined by a lip 152 extending radially inwardly from a portion of a top of a side wall
of the impactor component 128. Further, the lid 136 also comprises a lip portion 156 at a
proximal end of the lid 136 and defining a groove to receive an impactor component
protrusion 154 therein. When the lid 136 1s fully engaged on the impactor component 128,
a locking tab 160, extending from the distal end of the lid 136, Is Inserted in a locking
opening 158 defined In the side wall of the impactor component 128. Further, the locking
tab 160 has a substantially dog-leg shape, whereby a sliding movement of the lid 136 In a
counter-clockwise direction (in the present example), engages the locking tab 160 with an
edge of the locking opening 158, whereby to secure the lid 136 In place on the impactor
component 128 to seal around the impaction surface 130. In the present example shown In
Figure 9, it will be understood that pushing the lid removal tool 146 left will unlock the
locking tab 160 from the locking opening 158 and allow the lid 136 to be slid off and away
from the impactor component 128. Similarly, when unlocked, pushing the lid removal tool
146 In a rightwards direction when the lid 136 is fully slid onto the impactor component 128
will lock the lid 136 In place on the impactor component 128 and substantially prevent
accidental removal of the lid 136, thereby ensuring no contamination of the impactor
surface 130 during transport or storage of the impactor component 128 outside the

impactor apparatus 100.

[0070] Once sample collection is complete, the impactor component 128 needs to be
locked Into a sample containment configuration to retain any aerosol components
deposited on the impaction surface 130. This can be done using the sealing mechanism In
the form of the lid 136 and sealing the lid 136 onto the impactor component 128. It will be

understood that this is substantially in reverse to removal of the lid 136, as described
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previously. For subseqguent analysis of any aerosol components deposited on the
Impaction surface 130, the sealed impactor component 128 first needs to be removed from
the impactor apparatus 100. The sealed impactor component 128 is removed from the
iImpactor apparatus 100 by disassembly of the impactor apparatus 100, substantially by

5 reversing the process described previously. Thus, the inlet housing portion 104 and the
Impactor housing portion 106 are removed (either together or sequentially) from the
housing portion acting as a base support for the impactor component 128. In this example,
the impactor housing portion 106 i1s removed from the outlet housing portion 108, whereby

to allow removal of the sealed impactor component 128 from the impactor apparatus 100.

10  [0071] Figure 10 shows the impactor component 128 without the lid 136 shown In Figure
9. As shown In Figure 9, a distal end, in this example, substantially half, of the side wall of
the impactor component 128 is capped by the lip 152 extending radially inwardly. The lip
152 defines an upper groove 164 for receiving a distal end of the lid 136, as shown In
Figure 9, such that the locking tab 160 of the lid 136 can be received In the locking

15  opening 158 of the impactor component 128. The impactor component protrusion 154

extends radially outward from the impactor component 128 over a proximal end, in this

example, substantially half, of the side wall of the impactor component 128. The impactor
component protrusion 154 and a lower portion of the side wall together define a proximal
groove 162 In the proximal end of the side wall of the impactor component 128 to receive

20  the lip portion 156 of the lid 136. Thus, the lid 136 provides a sealing mechanism to
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engage over the impaction surface 130 of the impactor component 128 to isolate the
Impaction surface 130 from the external environment and ensure any aerosol components
deposited on the impaction surface are retained thereon. In this example, a sealing
member 166 Is provided between the lid 136 and the impactor component 128 to ensure
25 an airtight seal of the impaction surface 130 from the external environment. In particular,
the sealing member 166 In this example is a neoprene seal ring, provided around the side

wall of the impactor component to be in contact with an underside of the lid 136.

[0072] Figure 11 shows a cross-section through a further example of an impactor
apparatus 200, similar to that shown In Figures 1 to 9, but having three impactor

30 components 228a, 228b, 228c each within a respective impactor housing portion 20643,
206b, 206c¢ Instead of the single impactor component 128 within the single impactor
housing portion 106 shown In the example of Figures 1 to 9. In particular, Figure 11 shows
an aerosol flow path 224 through the impactor apparatus 200 when a sealing component
of the impactor apparatus 200 is in a sample collection configuration to expose impaction

35  surfaces 230a, 230b, 230c of each of the impactor components 228a, 228b, 228c to the

aerosol sample. The lowermost impactor component 228c Is spaced from the outlet
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housing portion 108 on the spacing members 132, substantially as described with
reference to Figures 3 and 4 hereinbefore. The remaining impactor components 228a,
228b are spaced from the respective upper surface of the impactor housing portions 206c,
206b by the spacing members 238c, 238b, provided to extend substantially upwards from
the upper surface of the impactor housing portions 206c¢c, 206b. It will be understood that
the assembly and operation of the impactor apparatus 200 1s substantially similar to that

described with reference to Figures 1 to 9 above, apart from the hereinbefore noted

differences.

[0073] In summary, there is provided a kit of parts for assembly into an impactor (100) for
aerosol component collection, such as for exhaled breath. The kit comprises a housing
(104, 106, 108) configured to define an aerosol inlet (110) for receiving an aerosol sample
IN use and, when the kit of parts 1s assembled into the impactor (100), to define at least In
part an aerosol flow path (124) from the aerosol inlet (110) through the impactor apparatus
(100). The kit further comprises an impactor component (128) receivable into an assembly
providing the impactor apparatus (100). The assembly comprises at least the housing
(104, 106, 108). The impactor component (128) has an impaction surface (130) onto which
one or more aerosol components from the aerosol sample are to be deposited in use. The
Kit further comprises a sealing component (136) for sealing around the impaction surface
(130) of the impactor component (128). The sealing component (136) I1s changeable from a
sample collection configuration in which the impaction surface (130) Is exposed for aerosol
component collection to a sample containment configuration in which the impaction
surface (130) Is isolated from the external environment. The kit of parts Is configured such
that the impactor component (128) is receivable into the assembly such that, when the
sealing mechanism (136) Is In the sample collection configuration and an aerosol sample
IS being received at the aerosol inlet (110) in use, the aerosol flow path (124) of the
aerosol sample is directed onto the impaction surface (130) to promote aerosol deposition
thereon. The kit of parts Is further configured such that the sealing component (136) Is
changeable In the assembly into the sample containment configuration before removal of
the impactor component (128) from the assembly, so as to retain any aerosol components

deposited on the impaction surface (130).

[0074] Throughout the description and claims of this specification, the words “comprise”
and “contain” and variations of them mean “including but not limited to”, and they are not

iIntended to (and do not) exclude other moieties, additives, components, integers or steps.
Throughout the description and claims of this specification, the singular encompasses the

plural unless the context otherwise requires. In particular, where the indefinite article is
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used, the specification is to be understood as contemplating plurality as well as singularity,

unless the context requires otherwise.

[0075] Features, integers, characteristics, compounds, chemical moieties or groups
described in conjunction with a particular aspect, embodiment or example of the invention
are to be understood to be applicable to any other aspect, embodiment or example
described herein unless incompatible therewith. All of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), and/or all of the
steps of any method or process so disclosed, may be combined in any combination,
except combinations where at least some of such features and/or steps are mutually
exclusive. The invention is not restricted to the details of any foregoing embodiments.

The invention extends to any novel one, or any novel combination, of the features
disclosed In this specification (including any accompanying claims, abstract and drawings),

or to any novel one, or any novel combination, of the steps of any method or process so

disclosed.
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CLAIMS

1. A Kit of parts for assembly into an impactor for aerosol component collection, such

as for exhaled breath, the kit comprising:

a housing configured to define an aerosol inlet for receiving an aerosol sample In
use and, when the kit of parts i1s assembled into the impactor, to define at least in part an

aerosol flow path from the aerosol inlet through the impactor apparatus;

an impactor component receivable into an assembly providing the impactor
apparatus, the assembly comprising at least the housing, and the impactor component
having an impaction surface onto which one or more aerosol components from the aerosol

sample are to be deposited In use; and

a sealing component for sealing around the impaction surface of the impactor
component, the sealing component being changeable from a sample collection
configuration in which the impaction surface is exposed for aerosol component collection
to a sample containment configuration in which the impaction surface is isolated from the

external environment;
the Kit of parts being configured such that:

the impactor component is receivable into the assembly such that, when the
sealing component is In the sample collection configuration and an aerosol sample
IS being recelved at the aerosol inlet In use, the aerosol flow path of the aerosol
sample Is directed onto the impaction surface to promote aerosol deposition

thereon; and

the configuration of the sealing component is changeable from the sample
collection configuration to the sample containment configuration before removal of
the impactor component from the assembly, so as to retain any aerosol

components deposited on the impaction surface.

2. A kit of parts as claimed in claim 1, wherein one or more parts of the kit of parts
separately or together provides a sealing mechanism which is configured and/or operable
such that the sealing component is moved or caused to be moved into the sample
containment configuration after sample collection before the impactor component is fully

removed from the assembly.

3. A kit of parts as claimed in claim 1 or claim 2, wherein the housing comprises an

Inlet housing portion, defining the aerosol inlet therein.
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4 A Kit of parts as claimed in any preceding claim, wherein the housing comprises an
outlet housing portion, defining an aerosol outlet therein, and wherein the aerosol outlet is
IN fluid communication with the aerosol inlet through the impactor apparatus when the kit of

parts Is assembled.

5. A Kit of parts as claimed in any preceding claim, wherein the housing comprises at
least one impactor housing portion to receive the impactor component therein during

assembly of the kit of parts.

0. A Kit of parts as claimed in any preceding claim, wherein the impactor component Is

a shallow dish.

/. A Kit of parts as claimed in claim 6, wherein the impaction surface is provided by a

base surface of the dish.

3. A kit of parts as claimed in any preceding claim, wherein the assembly providing
the impactor apparatus has defined therein a plurality of flow constrictions to generate a

high-velocity aerosol flow onto the impaction surface in the aerosol flow path.

9. A Kit of parts as claimed in claim 8, wherein the plurality of flow constrictions Is at

least ten flow constrictions.

10. A Kit of parts as claimed in claim 8 or claim 9, wherein the plurality of flow

constrictions are defined in the housing.

11. A Kit of parts as claimed in claim 10 when dependent directly or indirectly on claim
5, wherein the plurality of flow constrictions are defined in the impactor housing portion of

the housing.

12. A kit of parts as claimed in any preceding claim, wherein the kit of parts comprises
a plurality of the impactor components each receivable into the assembly to be arranged In

the assembly together successively in the flow path.

13. A Kit of parts as claimed Iin claim 12, wherein the impactor apparatus is for

collecting aerosol components having different characteristics in each of the plurality of

Impactor components.

14. A Kit of parts as claimed in any preceding claim, wherein the assembly Is
configured such that, in the sample collection configuration, the aerosol flow path directed
onto the impaction surface of the impactor component is directed, downstream, around an

outer edge of the impactor component through the impactor apparatus.

15. A kit of parts as claimed in any preceding claim, wherein the sealing component is

a cover member to cover the impaction surface when the sealing component is in the
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sample containment configuration and wherein the sealing component is movable from the

sample collection configuration to the sample containment configuration.

16. A Kit of parts as claimed in claim 15, wherein the cover member is slidable to move
from an uncovered position allowing the aerosol flow path to be directed onto the
Impaction surface in the sample collection configuration to a covered position in which the
cover member covers the impaction surface in the sample containment configuration to

retain any aerosol components deposited on the impaction surface.

17. A kit of parts as claimed in claim 16, wherein the housing has defined therein an
opening for passage therethrough of the cover member onto the impactor component
during movement from the sample collection configuration to the sample containment

configuration.

18. A Kit of parts as claimed in any preceding claim, wherein the sealing component or
a further sealing component of the kit of parts Is for sealing around the impaction surface
of the impactor component and the kit of parts is configured such that the sealing
component or the further sealing component is changeable from a sealed configuration In
which the impaction surface is isolated from the external environment to the sample

collection configuration in which the impaction surface is exposed for aerosol collection.

19. A kit of parts as claimed Iin claim 18, wherein the sealing component or the further
sealing component is a cover member to cover the impaction surface when the sealing
component is In the sealed configuration and wherein the sealing component is movable

from the sealed configuration to the sample collection configuration.

20. A kit of parts as claimed in claim 19, wherein the housing has defined therein an
opening for passage therethrough of the cover member moving off the impactor
component during movement from the sealed configuration to the sample collection

configuration.

21. A Kit of parts as claimed in claim 20 or claim 17, or any claim dependent directly or

Indirectly thereon, wherein the housing comprises an opening cover to selectively close the

opening In the housing.

22. A kit of parts as claimed in claim 20 or claim 17, or any claim dependent directly or
iIndirectly thereon, further comprising a lid extraction component to cover the opening and
for receipt of the cover member therein when the sealing component is in the sample

collection configuration.

23. A kit of parts as claimed in claim 22, further comprising a cover removal tool for
Insertion into the housing through the lid extraction component and to engage with the

cover member for at least one of:
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movement of the cover member from the sealed configuration to the sample

collection configuration; and

movement of the cover member from the sample collection configuration to the

sample containment configuration.

24 A kit of parts as claimed in any preceding claim, wherein the sealing component Is

lockable In the sample containment configuration.

29. A Kit of parts as claimed In claim 24, wherein the sealing component is lockable by

rotation of the sealing component relative to the impactor component.

20. A Kit of parts as claimed in any preceding claim, wherein the housing Is formed
from a plurality of housing portions which, when the kit of parts i1s assembled into the
Impactor, receive the impactor component therein to substantially enclose the impactor

component within the housing.

27 An impactor apparatus for aerosol component collection and formed from the kit of

parts as claimed in any preceding claim.

28. A method of collecting aerosol components from an aerosol sample in an impactor

apparatus, the method comprising:

assembling the impactor apparatus from at least a housing to receive an impactor
component within the impactor apparatus, the housing defining, at least in part, an aerosol
flow path from the aerosol inlet through the impactor apparatus, the impactor component
having an impaction surface onto which one or more aerosol components from the aerosol
sample are to be deposited in use, and being provided with a sealing component for
sealing around the impaction surface of the impactor component, the sealing component in
a sample collection configuration in which the impaction surface is exposed for aerosol
component collection, wherein the aerosol flow path of the aerosol sample is directed onto

the impaction surface to promote aerosol deposition thereon;

supplying an aerosol sample to an aerosol inlet of a housing of the impactor

apparatus to deposit one or more aerosol components of the aerosol sample onto the

Impaction surface; and

changing the sealing component from the sample collection configuration to a
sample containment configuration in which the impaction surface is isolated from the

external environment,

wherein the sealing component is changed from the sample collection configuration
INto the sample containment configuration before removal of the impactor component from

the assembly, so as to retain any aerosol components deposited on the impaction surface.
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