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(57) Abstract: The invention features particle removal assem-
blies and methods for removing dust and other debris from a sam-
ple container, e.g., to improve counting colonies of microorgan-
isms (e.g., bacteria, fungi, or protists) present in environmental,
pharmaceutical, biological, and other samples. An assembly of
the invention includes components for patticle removal, e.g., a
filter, a dryer, a flow controller, and an outlet. The invention also
provides methods of detecting samples after cleaning a sample
container with clean and/or dry gas.
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USE OF CLEAN AND DRY GAS FOR PARTICLE REMOVAL AND ASSEMBLY THEREFOR

Background of the Invention

In many industries, particularly the food, beverage, healthcare, electronic, and pharmaceutical
industries, it is essential to analyze samples rapidly for the degree of contamination by
microorganisms, such as bacteria, yeasts, or molds.

One microbial culture technique, called microbial enumeration or colony counting, quantifies
the number of microbial cells in a sample. The microbial enumeration method, which is based on in
situ microbial replication, generally yields one visually detectable “colony” for each microbial cell in the
sample. Thus, counting the visible colonies allows microbiologists to accurately determine the
number of microbial cells in a sample. To perform microbial enumeration, bacterial cells can be
dispersed on the surface of nutrient agar in Petri dishes (“agar plates”) and incubated under
conditions that permit in situ bacterial replication. Microbial enumeration is simple, ultra-sensitive,
inexpensive, and quantitative but may also be slow. Colonies can be digitally imaged; however, in
certain instances, dust and other debris may make colony counting more difficult.

Accordingly, there is a need for detection devices that include components to remove dust

and other debris from sample containers for rapid and accurate microbial enumeration of the samples.

Summary of the Invention

In a first aspect, the invention provides a particle removal assembly comprising: (a) a filter;
(b) adryer; (c) aflow controller; and (d) an outlet, wherein the filter, dryer, flow controller, and outlet
are connected to allow a gas to flow through the filter, dryer, and outlet, and wherein the flow
controller controls the rate of flow through the outlet; and further comprising a reservoir for storage of
the gas upstream of the outlet, wherein the reservoir is downstream of the filter and dryer,
wherein the outlet is a blow-off nozzle.

In another aspect, the invention provides a method of detecting colonies in a sample
comprising actuating the assembly in accordance with the first aspect described above to remove
particles from a surface of a sample container containing the sample and imaging the sample in the
sample container.

The invention provides a particle removal assembly. The assembly may be used for
removing dust and other debris from a sample container, e.g., for accurate microbial enumeration of
the sample, e.g., an environmental sample.

In one aspect, the invention provides a particle removal assembly including a filter, e.g., a
0.01 micron filter; a dryer, e.g., membrane dryer; a flow controller, e.g., valve; and an outlet, e.g., blow
off nozzle. In the assembly, gas flows through the filter, dryer, and outlet, and the flow controller
controls the rate of flow through the assembly. The particle removal assembly can be used to remove
dust and other debris from a sample container, e.g., the lid, bottom, or other portion being imaged,
prior to detection of the sample. In one embodiment, the filter is upstream, i.e., closer to the inlet,

from the dryer and/or the dryer is upstream from the flow controller, e.g., gas flows from a source
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through the filter to the dryer to the outlet. The flow controller may be placed in any appropriate

position, e.g., between the dryer and the outlet, to control the flow of gas through the assembly.

In certain embodiments, the outlet, e.g., blow-off nozzle, includes a plurality of openings. In
embodiments, the filter is selected from the group consisting of fiber filters, polymer filters, paper
filters, metal mesh filters, membranes, activated carbon, an electrostatic precipitator, or a combination
thereof. The filter may have a porosity of £ 0.1 ym. In embodiments, the dryer is selected from the
group consisting of evaporative dryers, membrane dryers, absorption dryers, adsorption dryers, or a
combination thereof. The assembly may further include a reservoir for storage of the gas upstream of
the outlet, e.g., where the reservoir is downstream of the filter and dryer. In embodiments, after
passing through the filter and dryer, the gas has < 90,000 particles/m?®sized 0.5-1 pm, and < 1000

particles/m3®sized 1-5 ym, the gas has a vapor pressure dew point of < -20 °C, and/or the gas has an
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amount of total oil of £ 0.1 mg/m3. In some embodiments, the particle removal assembly removes at
least 50% (e.g., at least 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%) of dust and other
particles from a sample container, e.g., the imageable surface of the sample container. In some
embodiments, the dryer removes at least 60% by mass (e.g., at least 65%, 70%, 75%, 80%, 85%,
90%, 95%, or 99%) of water or other liquids in the gas.

In another aspect, the invention provides a sample imaging device that includes an imager
and a particle removal assembly including an outlet, e.g., a blow off nozzle, configured to direct gas to
a sample container prior to imaging. In embodiments, the gas has < 90,000 particles/m3sized 0.5—1
um and < 1000 particles/m3sized 1-5 um, e.g., where the gas has a vapor pressure dew point of
< -20 °C and/or an amount of total oil of £ 0.1 mg/m3. The imaging device may further include an
incubator, in which the sample container is stored before imaging.

The invention also provides a sample imaging device including an imager and a particle
removal assembly as described herein. The device may further include an incubator.

In another aspect, the invention provides a method of detecting a sample, e.g., for microbial
enumeration. The method includes applying a volume of clean and/or dry gas, e.g., air, nitrogen, or
argon, to the surface of a sample container for a time sufficient to remove particulate matter, e.g., for
no more than 10 s, e.g.,, no morethan5s, 3s,2s, 1s, or 0.5 s, and detecting, e€.g., imaging, the
sample in the sample container. In certain embodiments, the mass concentration of particulate matter
in the gas is less than 30 ug/m?, e.g., less than 10, 5, 1, 0.5, 0.1, 0.005, 0.001, 0.0005, 0.0001,
0.00005, or 0.00001 ug/m?and/or the particle number concentration is below 20,000 particles/cm3,
e.g., less than 10,000, 5,000, 1000, 500, 100, 50, 10, 5, 1, 0.5, 0.1, 0.05, or 0.01 particles/cm?.
Alternatively or in addition, the gas has less than 100 ppm of a liquid, e.g., water, e.g., less than 50,
10,7,5,3,2,1,0.5, 0.2, 0.01, or 0.001 ppm of the liquid, e.g., water. For example, the gas may
include < 20,000 particles/m3 sized 0.1-0.5 pm, < 400 particles/m3 sized 0.5-1 um, and £ 10
particles/m3 sized 1-5 um; have a vapor pressure dew point of <-20 °C, e.g., £-40 °C or -70 °C; and
contain total oil (aerosol and vapor) of < 0.1 mg/m?3, e.g., < 0.01 mg/m3.

The invention provides a method of detecting colonies in a sample by actuating a particle
removal assembly as described herein to remove particles from a surface of a sample container
containing the sample and imaging the sample in the sample container. The invention provides a
method of detecting colonies in a sample by actuating a gas source to remove particles from a
surface of a sample container containing the sample and imaging the sample in the sample container,
wherein the gas has < 90,000 particles/m3 sized 0.5—-1 um, and < 1000 particles/m3sized 1-5 ym, e.g.,
where the gas has a vapor pressure dew point of < -20 °C and/or a total amount of oil of £ 0.1 mg/m3.
In embodiments, the sample includes microbes, and the method further includes quantifying the
number of microbial colonies in the sample. In embodiments, the method further includes imaging the
sample more than once, wherein the sample is incubated between imagings.

In yet another aspect, the invention provides a method of detecting a sample, e.g., for
microbial enumeration. The method includes actuating a particle removal assembly to remove
particulate matter from a sample container and detecting, e.g., imaging, the sample in the sample

container.
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Other features and advantages will be apparent from the following description, the drawings,

and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of an exploded view of a particle removal assembly of the invention
that includes a filter, a dryer, e.g., membrane dryer, a flow controller, e.g., valve, and an outlet, e.g.,
blow-off nozzle.

Figure 2 is an illustration of a particle removal assembly of the invention that includes a
reservoir for gas, a filter, a dryer, e.g., membrane dryer, a flow controller, e.g., valve, and an outlet,
e.g., blow-off nozzle.

Figure 3 is a schematic depiction from the side view of a sample imaging device that includes

a particle removal assembly of the invention.

DETAILED DESCRIPTION OF THE INVENTION
The invention features particle removal assemblies and methods for removing dust and other
debris from a sample container, e.g., to improve counting colonies of microorganisms (e.g., bacteria,
fungi, or protists) present in environmental, pharmaceutical, biological, and other samples. An
assembly of the invention includes components for particle removal, e.g., a filter, a dryer, a flow

controller, and an outlet.

Particle Removal Assembly

Dust and other particles (e.g., solid particles, water, or oil) on a sample container can interfere
with accurate detection, e.g., imaging, of the sample, e.g., for microbial enumeration. The patrticle
removal assemblies of the invention help reduce false positives in colony counting by removing dust
and other debris from the portion of the sample container, e.g., lid or bottom, through which detection,
e.g., imaging, occurs. In particular, the assemblies, devices, and methods are of particular use in
eliminating moveable particles that may change position when a sample container is imaged multiple
times.

A particle removal assembly of the invention may include a filter, a dryer, e.g., a membrane
dryer, a flow controller, e.g., a valve, and an outlet, e.g., a blow-off nozzle. It will be understood that a
gas inlet is also present. Exemplary assemblies are shown in Figures 1 and 2. The filter (e.g., a 0.01
pm filter) removes particles from the gas, e.g., air, argon, or nitrogen, flowing through. The dryer
removes water and other liquids from the gas. The outlet, e.g., blow-off hozzle, directs the filtered,
dried gas to a surface of a sample container, e.g., lid, to remove dust and other debris from it. The
filter and the dryer ensure the quality of the gas being used for particle removal. If the source of the
gas is otherwise free of particles and/or sufficiently dry, one or more of these components may be
omitted from the assembly. Suitable gases include air, nitrogen, and argon.

In some cases, the filter may be any filter suitable for the removal of particulate matter from a
gas. Examples of filters include, but are not limited to, fiber filters, e.g., layered fiberglass or cotton,

polymer filters, e.g., polyester or polyurethane, paper filters, metal mesh filters, membranes, activated
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carbon, or combinations thereof, e.g., a High Efficiency Particulate Air (HEPA) filter. Alternatively or in
addition, a filter may include electrostatic precipitation to remove particles from the gas. Other filters
are known in the art. A particle removal assembly of the present invention may include two or more
filters, e.g., in series, with each filter being of the same or a different type and/or having different
porosities for capturing different size particles. For example, a filter useful for the present invention
may have a first stage for the removal of coarse patrticles, i.e., those with a diameter greater than 10
KUm, and have successive stages to remove finer particles from the gas.

Filters useful for the present invention may have pore sizes from 100 ym to 0.001 um, e.g.,
from 100 pm to 10 um, from 50 um to 5 pm, from 10 pum to 1 um, from 10 um to .001 um, from 5 pym
to 0.5 um, from 1 um to 0.1 pm, from 1 pym to 0.001 um, from 0.5 um to 0.05 um, 0.1 um to 0.001 um,
0.05 um to 0.005 pum, or from 0.01 um to 0.001 um. An exemplary filter for the present invention has
a pore size of 0.01 pm.

The filter of the particle removal assembly of the invention may remove at least 50% of the
particulate matter from the gas, e.g., at least 50%, at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99%, at least 99.5%, at least 99.95%, at least 99.995%, at least 99.9995%, at
least 99.99995%, or at least 99.999995% of particulate matter from the gas. Alternatively orin
addition, the filter (or filters) reduces the mass concentration of particulate matter to less than
30 ug/ms, e.g., less than 10, 5, 1, 0.5, 0.1, 0.005, 0.001, 0.0005, 0.0001, 0.00005, or 0.00001 pg/m3
and/or reduces the particle number concentration to below 20,000 particles/cm3, e.g., less than
10,000, 5,000, 1000, 500, 100, 50, 10, 5, 1, 0.5, 0.1, 0.05, 0.02, 0.01, 0.005, 0.002, or 0.001
particles/cms3.

Examples of dryers include, but are not limited to, evaporative dryers, membrane dryers,
absorption dryers, e.g., halide or sulfate salt dryers, adsorption dryers, e.g., activated carbon, silica
gel, activated alumina, or molecular sieves, or combinations thereof. Other gas dryers are known in
the art. An exemplary dryer for a particle removal assembly of the present invention is a membrane
dryer. A particle removal assembly of the present invention may include two or more dryers, e.g., in
series, with each dryer being of the same or different type of dryer and/or configured to capture
different liquids from the gas. For example, a dryer useful for the present invention may include a first
stage to remove residual organic liquids from the gas and a second stage to remove water vapor from
the gas. In addition, a dryer may be temperature controlled to reduce the temperature of the gas
exiting the dryer, e.g., to reduce further uptake of liquid into the dried gas.

The dryer of the particle removal assembly of the invention may remove at least 50% by mass
of liquid from the input gas, e.g., at least 50%, at least 55%, at least 60%, at least 65%, at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, at least 99.5%, at least 99.95%, at least 99.995%, at least 99.9995%, at
least 99.99995%, or at least 99.999995% of liquid by mass from the gas. In certain embodiments, the
dryer removes at least 50% by mass of water from the input gas, e.g., at least 50%, at least 55%, at
least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, at least 99.5%, at least 99.95%, at least
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99.995%, at least 99.9995%, at least 99.99995%, or at least 99.999995% of water by mass from the
gas. Alternatively or in addition, the dryer (or dryers) produces a gas having less than 10 ppm of a
liquid, e.g., water, e.g., less than 100, 50, 10, 7, 5, 3, 2, 1, 0.5, 0.2, 0.01, or 0.001 ppm of the liquid,
e.g., water.

The particle removal assembly may also produce air according to 1SO8573-1:2010. For
example, the particle removal assembly may produce air of class 3:3:2, 3:2:2:, 3:1:2:, 3:3:1, 3:2:1,
3:1:1,2:8:2, 2:2:2:, 2:1:2, 2:3:1, 2:2:1, 2:3:1, 2:1:1, 1:83:2, 1:2:2, 1:1:2, 1:1:1, or 1:3:1, e.g., from air of
class 7:4:4 or 6:4:4. In another example, the particle removal assembly produces a gas other than air
having the particle and water qualities of these classes. Accordingly, the particle removal assembly
may produce gas with £ 90,000 particles/m3sized 0.5—1 um and < 1000 particles/m3sized 1-5 pm,
such as < 400,000 particles/m?3 sized 0.1-0.5 pm, < 6,000 particles/m?sized 0.5—1 pm and £ 100
particles/m?® sized 1-5 um (e.g., £ 20,000 particles/m? sized 0.1-0.5 pm, < 400 particles/m3 sized 0.5—1
um, and < 10 particles/m3sized 1-5 umy); the gas produced may have a vapor pressure dew point of <
-20 °C, e.g., £ -40 °C or -70 °C; and/or the gas produced may contain an amount of total oil (aerosol
and vapor) of £ 0.1 mg/m?3, e.g., £ 0.01 mg/m3.

A particle removal assembly of the invention may include a reservoir. The reservoir may be
disposed downstream of the filter and/or the dryer. The reservoir may be used to store the clean
and/or dry gas to ensure even and consistent flow of gas from the outlet.

The flow controller of the particle removal assembly of the invention includes a valve that
controls the presence, absence, and/or flow rate of gas exiting the outlet. The flow controller may be
located in any suitable position, such as between the filter and/or dryer and the outlet of the assembly.
The valve of the flow controller may be any suitable valve for controlling or regulating gas flow,
including, but not limited to, butterfly valves, diaphragm valves, globe valves, needle valves, or poppet
valves. Other suitable valves are known in the art. The operation of the valve may be controlled
externally, such as with a computer-implemented program that controls the operations of an
instrument, e.g., the GROWTHDIRECT® system for rapid colony counting (Rapid Micro Biosystems,
Lowell, MA), such that the gas is delivered at the desired time during a measurement.

The outlet, e.g., blow off hozzle, of the particle removal assembly of the invention directs the
clean and dried gas onto surfaces that may be contaminated with particulates to remove them from
the surface. The outlet, e.g., blow off nozzle, may have one or more openings for directing gas flow
and further may have a size and shape suitable to ensure that the gas exiting the outlets has
dimensions to remove particles from the entire desired area of the sample container. For example, as
shown in Figs. 1 and 2, the outlet, i.e., blow off nozzle, has a plurality of openings spanning a linear
dimension perpendicular to the direction of gas flow. A skilled artisan will appreciate that the size,
shape, and number of openings in the outlet may be altered based on the size and shape of the

sample container.

Sample Imaging Device
In one aspect of the invention, the particle removal assembly is useful in automated detection
of microorganismes, e.g., using the GROWTHDIRECT® system or as described in US 7,582,415.
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Suitable sample containers include Petri dishes and similar containers such as those described in US
9,057,046, 9,745,546, and 2015/0072377. In particular, the particle removal assembly is useful in
removing dust and other debris from sample containers that include microbial growth media with
microbes growing on the media or on a membrane in contact with the media by directing a volume of
pressurized clean and dried gas onto the sample container, e.g., the lid. The detection may include
detection of labels or detection of intrinsic properties of microbes, e.g., autofluorescence.

The invention also provides a sample imaging device that includes an imager and a patrticle
removal assembly including an outlet, e.g., a blow off nozzle, configured to direct gas to a sample
container prior to imaging. An exemplary sample imaging device is shown in Figure 3. As shown, the
device includes a turntable capable of holding a plurality of sample containers that rotates each
sample container towards an imaging position. The particle removal assembly is positioned so that
the sample container can be cleared of particles prior to imaging using a volume of pressurized clean
and dried gas. Once cleared of particulates, the sample container may be imaged. The sample
imaging device may also include an incubator for growth of microbes, and the sample imaging device
may be configured to allow imaging of a sample container at various times during incubation, e.g.,
with each imaging being preceded by the clearing of particles on the sample container using the
particle removal assembly.

The sample imaging device may further include an air flow, e.g., at least 5, 10, or 100 cfm,
such as 5-1000 cfm, 10-100 cfm, 250-750 cfm, or 500-600 cfm, to sweep any particulate matter

removed from sample containers out of the imaging device.

Methods of Use

The invention provides methods of cleaning a sample container to remove particulate matter
prior to detection, e.g., imaging. The method includes applying a volume of clean and/or dry gas,
e.g., air, nitrogen, or argon, to the surface of the sample container for a time sufficient to remove
particulate matter, e.g., for no more than 10 s, e.g., no morethan5s,3s,2s,1s,0r05s,e.q.,
between 0.1-10 s or 0.5-5 s. In certain embodiments, the mass concentration of particulate matter in
the gas is less than 30 pg/m3, e.g., less than 10, 5, 1, 0.5, 0.1, 0.005, 0.001, 0.0005, 0.0001, 0.00005,
or 0.00001 pg/m?3and/or the particle number concentration is below 20,000 particles/cm?, e.g., less
than 10,000, 5,000, 1000, 500, 100, 50, 10, 5, 1, 0.5, 0.1, 0.05, or 0.01 particles/cm3. Alternatively or
in addition, the gas has less than 100 ppm of a liquid, e.g., water, e.g., less than 50, 10,7, 5, 3, 2, 1,
0.5, 0.2, 0.01, or 0.001 ppm of the liquid, e.g., water. The clean and dry gas may be air according to
1ISO8573-1:2010, e.g., air of class 1:3:2, 1:2:2, 1:1:2, or 1:3:1, or other gas with equivalent properties.
For example, the gas may include < 90,000 particles/m? sized 0.5-1 um and < 1000 particles/m3 sized
1-5 um, such as < 400,000 particles/m? sized 0.1-0.5 pm, < 6,000 particles/m?3 sized 0.5—1 pm and <
100 particles/m3 sized 1-5 pm (e.g., < 20,000 particles/m?3 sized 0.1-0.5 pm, < 400 particles/m?3 sized
0.5—1 ym, and £ 10 particles/m® sized 1-5 um); have a vapor pressure dew point of < -20 °C, e.g.,
< -40 °C or -70 °C; and/or contain an amount of total oil (aerosol and vapor) of £ 0.1 mg/m3, e.g., £
0.01 mg/ms.

The clean and/or dry gas may be produced by a particle removal assembly described herein.
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The rate of gas delivery may be any suitable rate for dust removal, e.g., at most 1000, 500, or
100 c¢fm, e.g., at most 50, 10, 5, 1, 0.5, 0.3, or 0.1 ¢fm, e.g., between 0.0001-1000 cfm, 0.0001-500
cfm, 0.0001-100 c¢fm, 0.0001-50 ¢fm, 0.0001-10 c¢fm, 0.0001-5 cfm, 0.0001-1 c¢fm, or 0.0001-0.1 cfm,
0.001-100 cfm, 0.001-50 cfm, 0.001-10 cfm, 0.001-5 cfm, 0.001-1 ¢fm, or 0.001-0.1 c¢fm, 0.01-100
cfm, 0.01-50 ¢fm, 0.01-10 ¢fm, 0.01-5 ¢fm, 0.01-1 ¢fm, or 0.01-0.1 ¢fm, 0.1-100 ¢fm, 0.1-50 ¢fm, 0.1-
10 c¢fm, 0.1-5 ¢fm, or 0.1-1 cfm. The pressure of the gas at the outlet may be any suitable pressure,
e.g., at most 25 bar, e.g. at most 20, 15, 10, 5, or 3 bar, e.g., between 1-25, 1-20, 1-15, 1-10, 1-5, 1-3,
1.5-25, 1.5-20, 1.5-15, 1.5-10, 1.5-5, or 1.5-3 bar.

The clean and/or dry gas, e.g., produced using a particle removal assembly described herein,
facilitates accurately counting colonies in a sample by reducing the number of false positives that can
be produced by dust and other debris on a surface of the sample container. For example, use of the
clean and/or dry gas, e.g., produced by a particle removal assembly, prior to detection, e.g., imaging,
may reduce the number of false positives by a factor of at least 2, 5, 10, 15, 20, 25, 50, 75, 100, 250,
500, 750, or 1000, e.g., by a factor of 5-500, 5-100, 5-50, 5-25, or 5-20. The use of clean and/or dry
gas, e.g., produced by a particle removal assembly, may be particularly useful when detecting
microcolonies, e.g., microcolonies sized below 1000, 750, 500, 250, 100, 75, or 50 um in diameter (or
in two orthogonal dimensions). Detection may be repeated to discern growing colonies from non-
growing microorganisms, e.g., with each repeated imaging being preceded by the clearing of particles
on the sample container, e.g., using a particle removal assembly. When multiple detections are
employed, the sample container may be incubated or stored between detections, e.g., in a closed
incubation chamber. The sample container may further be transferred between the incubator or
storage area, the location of particulate matter removal, and detection (if different from particulate
matter removal) using an automated system. Such a system may further analyze the data acquired
from detection, e.g., to count the number of microbial colonies.

Detection of the colonies may occur by any appropriate method and may be based on labels
in the cells or media or on an intrinsic optical property of the cells, e.g., autofluorescence. Detection
typically occurs by optical imaging using a camera.

Sample containers may be of any appropriate size as described herein. In addition, the area
of the sample container to be contacted with gas may have a cross-sectional dimension of between 1
mm and 100 mm, e.g., between 10 mm and 80 mm; the area may have the same extent in two
orthogonal dimensions. The area to be detected may be polygonal, e.g., square, round, elliptical, or
any other shape.

After sample collection and installation of the sample container in a sample imaging device,
e.g., the GROWTHDIRECT® system for rapid colony counting, clean and/or dry gas, e.g., from a
particle removal assembly of the invention, may be used to remove dust and other debris from the
sample container before detection of colonies in the sample. In some embodiments, a particle
removal assembly directs a volume of clean and dried gas onto the sample container. An automated
system may detect the presence of the sample container in a position for imaging, the controller of the

automated system communicates with the flow controller of the particle removal assembly to open the
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valve of the flow controller and discharge a volume of gas from the outlet, e.g., blow off nozzle, onto
the sample container.
Other methods and instruments for manual or automated colony counting that can be used

with the particle removal assembly of the present invention are known in the art.

Example

One example of a particle removal assembly is shown in Figures 2 and 3. In this example, air
from an external source is introduced into the particle removal assembly. The assembly includes a
manual on/off valve. Air entering the assembly passes through a 0.01 filter and a membrane dryer
(Festo). Air exiting the dryer is stored in a 0.4 | reservoir (Festo). A pneumatically controlled poppet
valve (Festo) controls emission of the air from a blow off nozzle (McMaster-Carr). The tubing
connections between components are not shown but can be of any suitable material, e.g., plastic or
metal. Figure 3 shows the particle removal assembly in the GROWTHDIRECT® system for rapid
colony counting. Use of the particle removal assembly with the GROWTHDIRECT® system for rapid
colony counting reduced the number of false positives from 2-3/1000 to 1-2/10,000.

Other embodiments are in the claims.
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Claims

1. A particle removal assembly comprising:

(a) afilter;

(b) adryer;

(c) a flow controller; and

(d) an outlet,
wherein the filter, dryer, flow controller, and outlet are connected to allow a gas to flow through the
filter, dryer, and outlet, and wherein the flow controller controls the rate of flow through the outlet; and
further comprising a reservoir for storage of the gas upstream of the outlet,
wherein the reservoir is downstream of the filter and dryer,

wherein the outlet is a blow-off nozzle.

2. The assembly of claim 1, wherein the filter is upstream from the dryer.

3. The assembly of claim 1 or 2, wherein the dryer is upstream from the flow controller.

4. The assembly of claim 1, wherein the blow-off nozzle comprises a plurality of openings.

5. The assembly of any one of claims 1-3, wherein the flow controller comprises a valve.

6. The assembly of any one of claims 1-5, wherein the filter is selected from the group consisting

of fiber filters, polymer filters, paper filters, metal mesh filters, membranes, activated carbon, an

electrostatic precipitator, or a combination thereof.

7. The assembly of any one of claims 1-6, wherein the dryer is selected from the group
consisting of evaporative dryers, membrane dryers, absorption dryers, adsorption dryers, or a

combination thereof.

8. The assembly of claim 1, wherein the dryer comprises a membrane dryer.
9. The assembly of any one of claims 1-8, wherein the filter has a porosity of < 0.1 pm.
10. The assembly of any one of claims 1-9, wherein, after passing through the filter and dryer, the

gas has < 90,000 particles/m®sized 0.5—-1 pm and < 1000 particles/m3sized 1-5 pym.

11. The assembly of any one of claims 1-10, wherein, after passing through the filter and dryer,

the gas has a vapor pressure dew point of £ -20 °C.
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12. The assembly of any one of claims 1-11, wherein, after passing through the filter and dryer,

the gas has an amount of total oil of < 0.1 mg/m3.
13. A sample imaging device comprising:
(a) animager; and
(b) the particle removal assembly of any one of claims 1-12.
14. The device of claim 13, further comprising an incubator.
15. A method of detecting colonies in a sample comprising actuating the assembly of any one of

claims 1-12 to remove particles from a surface of a sample container containing the sample and

imaging the sample in the sample container.

10
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Fig. 2
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