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A Liquid Impingement Unit

Field of the Invention

The invention relates to a liquid impingement unit. More particularly, the invention
relates to a liquid impingement unit included within an air collection device and used to

collect airborne particles in a liquid.

Background of the Invention

Bio-threat detectors are used to monitor the ambient air to detect the presence of
potentially harmful pathogens. In general, air is drawn into an air collection and detection
system where the particulates in the air are evaluated. Airflow into the system is typically
generated by a fan or blower within the apparatus. One method of evaluating the airborne
particles is to continuously monitor the air and the individual molecules within a given
airflow. Some detection methods include the use of lasers to scan the air path in order to
interrogate the particles passing through. A harmless particle, such as a dust particle, can be
discriminated from a harmful particle, for example an anthrax spore, because each different ‘
type of particle reflects a different wavelength of light. The laser light reflected of the
passing particles is matched to database of known harmful wavelengths. When a harmful
wavelength is detected, the trigger signals that a potential pathogen is present.

Another method of evaluating the airborne particles within the airflow entering the
system is to collect the airborne particles within a fluid sample and then analyze the fluid
sample. One such device for collecting airborne particles in a fluid sample is a liquid
impingement unit.

Figure 1 illustrates a conventional liquid impingement unit. The liquid impingement
unit 10 includes a collection vessel 12, an air nozzle 14, and a vacuum tube 16. The
collection vessel 12 is hermetically sealed by a lid 18. The lid 18 is configured such that a
first end of the vacuum tube 16 and a first end of the air nozzle 14 are sealed within the
collection vessel 12. Air is forced out of the first end of the air nozzle 14 and into the
collection vessel 12. The first end of the air nozzle 14 is positioned above a buffer solution
20 such that air output from the air nozzle 14 impinges the collection buffer solution 20. In
this manner, airborne particles within the air are forced into the buffer solution 20. To
prevent excess pressurization within the sealed collection vessel 12, the vacuum tube 16

removes air from within the collection vessel 12.
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One disadvantage of conventional liquid impingement units is that the high air flow
rate necessary to successfully implant the airborne particles within the buffer solution causes
an increase in the evaporation rate of the buffer solution within the collection vessel. The
evaporation rate is influenced by many factors, including, but not limited to, the surface area
of the buffer solution-to-air interface within the collection vessel and the airflow rate out of
the air nozzle. The vaporized liquid particles are removed from the collection vessel via the
vacuum tube. A given fluid sample including the collected particles is generated over a given
period of time, for example anywhere from about 10 minutes to 5 hours of continuous
operation by the liquid impingement unit. The liquid impingement unit will lose a portion of
the buffer solution due to evaporation and removal of the evaporated particles when the air is
vacuumed from the'collection vessel. For example, initially 10 ml of buffer solution is added
to the liquid impingement unit, but after 5 hours of opcration‘ the volume of buffer solution
remaining may be only 1 ml.

Over a period of time, the volume of the buffer solution within the collection vessel
drops below a minimum operation level, at which point, the air collection process must be
stopped either to removing the remaining buffer solution, including the collected particles
within, or to add additional buffer solution to the collection vessel so that the total volume of
buffer solution is above the minimum operation level. Either solution requires disruption of
the air collection process, the manual removal of the hermetic lid from the collection vessel,
and either the manual removal of the remaining buffer solution or the manual addition of
more buffer solution to the collection vessel.

Due to evaporation of the buffer solution, operation of conventional liquid
impingement units are limited in the amount of collection time that can be achieved for a
given initial volume of buffer solution. Either the collection time is limited, which constrains
the protocols of any system utilizing the liquid impingement unit, or additional buffer

solution needs to be manually added into the collection vessel.

Summary of the Invention

A modified liquid impingement unit is configured to automatically maintain a volume
of buffer solution within a determined range, the buffer solution used to collect airborne
particles from an impinging airflow. The liquid impingement unit includes a first end of an
air nozzle and a first end of a vacuum tube sealed within collection vessel. A fluid delivery

tube is positioned within the vacuum tube such that a first end of the fluid delivery tube is

2
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also positioned within the sealed collection vessel. External to the sealed collection vessel,
the fluid delivery tube branches from the vacuum tube through an aperture in the vacunm
tube. The vacuum tube is coupled to a vacuum pump and the fluid delivery tube is coupled to
a fluid pump. A control module provides control signals to the fluid pump such that the fluid
pump delivers a second volume of buffer solution from a buffer solution container to the
collection vessel via the fluid delivery tube. In this manner, the volume of buffer solution in
the collection vessel is automatically maintained according to control signals provided by the

control module.

(add final claim language here)

Brief Description of the Drawings

Figure 1 illustrates a conventional liquid impingement unit.

Figure 2 illustrates a cut-out side view of an exemplary block diagram of one
embodiment of a liquid impingement system of the present invention.

Figure 3 illustrates one embodiment of an automated version of the liquid
impingement system of Figure 2.

Figure 4 illustrates an alternative embodiment of an automated version of the liquid

impingement system of Figure 2.

Embodiments of the liquid impingement unit are described relative to the several -
views of the drawings. Where appropriate and only where identical elements are disclosed
and shown in more than one drawing, the same reference numeral will be used to represent

such identical elements.

Detailed Description of the Present Invention

Embodiments of the present invention are directed to a modified liquid impingement
unit configured to automatically refill the collection vessel with buffer solution on a periodic
basis. In this manner, the volume of the buffer solution is automatically maintained within a
desired range over the course of operation of the liquid impingement unit. This desired range
can be maintained over an indefinite period of time. The liquid impingement unit includes a
collection vessel, an air nozzle, and a vacuum tube. A first volume of buffer solution is

added to the collection vessel. A first end of the air nozzle and a first end of the vacuum tube
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are sealed within the collection vessel. A fluid delivery tube is positioned within the vacuum
tube such that a first end of the fluid delivery tube is also positioned within the sealed
collection vessel. In some embodiments, the first end of the fluid delivery tube extends into
the buffer solution within the collection vessel.

External to the sealed collection vessel, the vacuum tube includes an aperture through
which the fluid delivery tube exits. A second end of the vacuum tube is coupled to a vacuum
pump. A second end of the fluid delivery tube, which is external to the vacuum tube, is
coupled to a fluid pump. The fluid pump is configured to deliver a second volume of buffer
solution from a buffer solution container to the collection vessel via the fluid delivery tube.
A control module provides control signals to the fluid pump such that the fluid pump delivers
the second velume of buffer solution. In this manner, additional buffer solution is
automatically provided to the collection vessel according to control signals provided by the
control module. In some embodiments, the control module is configured to instruct the fluid
pump to deliver the second volume on a periodic basis. This period is determined based on a
known evaporation rate of the first volume of buffer solution within the sealed collection
vessel. Alternatively, one or more sensors are mounted within the collection vessel to
monitor the first volume of the buffer solution within the collection vessel. Once the first
volume decreases below a predetermined threshold, the control module instructs the fluid
pump to deliver the second volume of buffer solution to the collection vessel. Still
alternatively, the fluid pump delivers a continuous stream of buffer solution to the collection
vessel. The continuous stream is provided at a determined rate based on the known
evaporation rate.

A general function of the liquid impingement unit is to receive airflow including
airborne particles, direct the airflow to the buffer solution within the collection vessel where
the airborne particles are collected in the buffer solution, then periodically remove the buffer
solution including the collected particles for processing. The particle collection efficiency of
the liquid impingement unit decreases as the volume of buffer solution decreases. Therefore,
in order to maintain efficiency of the liquid impingement unit, the volume of the buffer
solution is maintained within an acceptable range.

Figure 2 illustrates a cut-out side view of an exemplary block diagram of one
embodiment of the liquid impingement system of the present invention. The liquid
impingement system 50 includes a collection vessel 52, an air nozzle 54, a vacuum tube 56, a

fluid delivery tube 62, a fluid pump 64, a buffer solution container 66, and a vacuum pump
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68. The collection vessel 52 holds a buffer solution 60.

The first end of the air nozzle 54 is positior-led above and proximate to the surface of
the buffer solution 60. The exact distance between the first end of the air nozzle 54 and the
buffer solution surface is variable based on the volume of the buffer solution 60. The
position of the first end of the air nozzle 54 relative to an initial volume of the buffer solution
60 is determined according to the airflow rate out of the air nozzle 54 and/or the dimensions
of the collection vessel 52. The distance can also be experimentally determined based on a
desired particle collection efficiency. As the volume of the buffer solution 60 decreases due
to evaporation, the relative distance between the surface of the buffer solution 60 and the first
end of the air nozzle 54 varies. In an alternative embodiment, the first end of the air nozzle is
in contact with the surface of the buffer solution or is submerged beneath the surface of the
buffer solution. In the alternative embodiment where the first end of the air nozzle 54 is
initially submerged within the buffer solution 60, the surface of the buffer solution 60 may
fall below the first end of the air nozzle 54 over the course of operation such that the first end
is no longer submerged within the buffer solution 60.

A lid 58 seals the collection vessel 52 such that the first end of the vacuum tube 56
and the first end of the air nozzle 54 are hermetically sealed within the collection vessel 52.
In some embodiments, an o-ring is positioned between the vacuum tube 56 and the 1id. 58 and
an o-ring is positioned between the air nozzle 54 and the lid 58 to seal the unit. The fluid
delivery tube 62 and the vacuum tube 56 are configured such that the fluid delivery tube 62
enters the vacuum tube 56 through an aperture 74 within the vacuum tube 56, and runs the
remaining length of the vacuum tube 56 into the collection vessel 52, thereby circumventing
the 1id 58. The fluid delivery tube 62 exits the first end of the vacuum tube 56 and extends
into the buffer solution 60. In some embodiments, the first end of the fluid delivery tube 62
extends beyond the first end of the vacuum tube 56, but not into the buffer solution 60. In
some embodiments, the first end of the fluid delivery tube 62 co-terminates with the first end
of the vacuum tube 56.

A second end of the fluid delivery tube 62 is coupled to the fluid pump 64. The fluid
pump 64 is coupled to the buffer solution container 66. In operation, the fluid pump 64
pumi)s buffer solution from the buffer solution container 66 through the fluid delivery tube 62
and into the collection vessel 52. In some embodiments, the fluid pump 64 pumps a set
volume of buffer solution on a periodic basis. Alternatively, the fluid pump 64 continuously

pumps buffer solution at a set rate.
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Figure 3 illustrates one embodiment of an automated version of the liquid
impingement system of Figure 2. The liquid impingement system 150 includes the liquid
impingement system 50 of Figure 2 and a control module 70. The control module 70 is
coupled to the fluid pump 64, the buffer solutions container 66, and the vacuum pump 68.
The control module 70 is configured to provide control signals for automating operation of
the liquid impingement system 150. In some embodiments, the control module 70 includes a
programmable logic circuit. In some embodiments, the control module 70 is configured to
receive control instructions from an external system configured to utilize the liquid
impingement system. The liquid impingement system 150 can also include a user interface
(not shown) to enable a user to provide start and stop commands, refill instructions, and to
provide system status to the user.

The liquid impingement system 150 automatically maintains the volume of buffer
solution 60 in the collection vessel 52 within a determined range. The liquid impingement
system 150 is also configured to automatically initialize the system with an initial volume of
buffer solution 60. To initialize the system, the lid 58 is sealed onto the collection vessel 52,
where the buffer solution has yet to be added. A start sequence is initiated and the control
module 70 signals the fluid pump 64 to deliver a defined initial volume of the buffer solution
from the buffer solution container 66. In some embodiments, the start sequence is initiated by
a start command provided by the user or provided by an externally coupled system. After the
initial volume of buffer solution is added to the collection vessel 52, an air collection system
including the liquid impingement system is actuated to start delivering air through the air
nozzle 54. After a set period of time, the control module 70 instructs the fluid pump 64 to
pump the second volume of buffer solution into the collection vessel 52, thereby maintaining
the volume of buffer solution 60 in the collection vessel 52 within the determined range.

Figure 4 illustrates an alternative embodiment of an automated version of the liquid
impingement system of Figure 2. The liquid impingement system 250 includes the liquid
impingement system 150 of Figure 3 and a sensor 72 coupled to the collection vessel 52. The
sensor 72 is also coupled to the control module 70 via a wired or wireless connection. In
some embodiments, the sensor 72 is positioned within the collection vessel 52. Alternatively,
the sensor 72 is positioned external to the collection vessel 52. In this alternative
embodiment, some or a portion of the collection vessel is optically transparent and the sensor
includes optical detection means, such as a laser and a photo sensor array, for detecting the

level of the buffer solution within the collection vessel. The sensor 72 represents a single
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sensor or a plurality of sensors. The sensor 72 monitors the volume of the buffer solution 60
within the collection vessel 52. When the volume of the buffer solution 60 decreases below a
predetermined threshold, the control module 70 instructs the fluid pump 64 and the buffer
solution container 66 to deliver the second volume of buffer solution to the collection vessel
52.

Although the embodiments of the liquid impingement units described in relation to
Figures 2-4 are directed to a single air nozzle, a single vacuum tube, and a single fluid
delivery tube, alternative embodiments are also contemplated including one or more air
nozzles, one or more vacuum tubes, and/or one or more fluid delivery tubes. Similarly,
alternative embodiments are also contemplated in which the liquid impingement system
includes one or more fluid pumps, one or more vacuum pumps, and/or one or more control
modules.

The present invention has been described in terms of specific embodiments
incorporating details to facilitate the understanding of the principles of construction and
operation of the invention. The specific configurations shown and the methodologies
described in relation to the liquid impingement unit are for exemplary purposes only. Such
reference herein to specific embodiments and details thereof is not intended to limit the scope
of the claims appended hereto. It will be apparent to those skilled in the art that modifications
may be made in the embodiment chosen for illustration without departing from the spirit and

scope of the invention.
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CLAIMS

What is claimed is:

1. A liquid impingement unit comprising:

P

a collection chamber partially filled with a buffer solution;

b. an air nozzle configured to output air includixig airborne particles, wherein a
first end of the air nozzle is positioned within the collection chamber
proximate the buffer solution such that air output from the first end impinges
the buffer solution, whereby the airborne particles are collected within the
buffer solution;

C. a vacuum tube configured to intake air through a first end, wherein the first
end of the vacuum tube is positioned within the collection chamber;

d. a fluid delivery tube configured to output additional buffer solution through a
first end, wherein the fluid delivery tube is positioned within the vacuum tube
such that the first end of the fluid delivery tube is positioned within the
collection chamber; and

e. a cover coupled to the collection chamber, the air nozzle, and the vacuum tube

and configured to seal the collection chamber while providing access to the

collection chamber for the air nozzle and the vacuum tube.

2. The liquid impingement system of claim 1 wherein the fluid delivery tube extends out

of the first end of the vacuum tube.

3. The liquid impingement system of claim 2 wherein the first end of the fluid delivery

tube is positioned proximate to the buffer solution in the collection chamber.

4. The liquid impingement system of claim 2 wherein the first end of the fluid delivery

tube is positioned within the buffer solution in the collection chamber.

5. The liquid impingement system of claim 1 wherein the vacuum tube includes an
aperture external to the collection vessel through which the fluid delivery tube enters
the vacuum tube such that a first portion of the fluid delivery tube is positioned within

the vacuum tube and a second portion of the fluid delivery tube is positioned external
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to the vacuum tube.
The liquid impingement system of claim 1 wherein the collection chamber comprises
a centrifuge tube.

The liquid impingement system of claim 1 wherein the seal is an hermetic seal.

A liquid impingement system comprising:

a. a sealed collection chamber including a first volume of a buffer solution;

b. an air nozzle configured to output air including airborne particles, wherein a
first end of the air nozzle is positioned within the collection chamber;

c. a vacuum tube configured to intake air through a first end, wherein the first
end of the vacuum tube is positioned within the collection chamber;

d. a fluid delivery tube positioned within the vacuum tube such that a first end of
the fluid delivery tube is positioned within the collection chamber;

e. a fluid pump coupled to the fluid delivery tube;

f. a buffer solution container coupled to the fluid pump, wherein the fluid pump
is configured to pump buffer solution from the buffer solution container
through the fluid delivery tube such that buffer solution is directed into the
collection chamber; and

g. a contrel module coupled to the fluid pump and configured to provide control

signals to the fluid pump such that a second volume of buffer solution is

provided into the collection chamber from the buffer solution container.

The liquid impingement system of claim 8 wherein the first end of the air nozzle is
positioned proximate to the buffer solution such that air output from the first end
impinges the buffer solution, whereby the airborne particles are collected within the

buffer solution.

The liquid impingement system of claim 8 wherein the control module is configured
to provide control signals to the fluid pump such that the second volume of buffer

solution is directed into the collection chamber on a periodic basis.

The liquid impingement system of claim 9 wherein the second volume and the period

9
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are determined by an evaporation rate of the buffer solution within the collection

chamber.

"The liquid impingement system of claim 8 further comprising a sensor positioned
within the collection chamber and configured to detect a minimum threshold evel of

the buffer solution within the collection chamber.

The liquid impingement system of claim 12 wherein the control module is configured
to receive a minimum threshold level signal from the sensor and in response to
minimum threshold level signal the control module is configured to provide control
signals to the fluid pump such that the second volume of buffer solution is directed

into the collection chamber.

The liquid impingement system of claim 8 wherein the control module is configured
to initialize the system by providing control signals to the pump to provide the first

volume of buffer solution into the collection chamber.

The liquid impingement system of claim 8 wherein the collection chamber comprises

a centrifuge tube.

The liquid impingement system of claim 8 wherein the seal is an hermetic seal.

The liquid impingement system of claim 8 further comprising an air intake system

coupled to the air nozzle.

The liquid impingement system of claim 8 wherein the vacuum tube includes an
aperture external to the collection vessel through which the fluid delivery tube enters
the vacuum tube such that a first portion of the fluid delivery tube is positioned within
the vacuum tube and a second portion of the fluid delivery tube is positioned external

to the vacuum tube.

The liquid impingement system of claim 18 further comprising a vacuum pump

coupled to a second end of the vacuum tube.

10
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20. A liquid impingement system comprising:

a.

A liquid impingement unit comprising:

i. a sealed collection chamber including a first volume of a buffer
solution;
ii. an air nozzle configured to output air including airborne particles,

wherein a first end of the air nozzle is positioned within the collection
chamber; and
iii. a vacuum tube configured to intake air through a first end, wherein the
first end of the vacuum tube is positioned within the collection
chamber;
a fluid delivery tube including a first portion which is entirely positioned
within the vacuum tube such that a first end of the fluid delivery tube is
positioned within the collection chamber, and a second portion which exits the
vacuum tube through a vacuum tube aperture;
a vacuum pump coupled to a second end of the vacuum tube;
a fluid pump coupled to a second end of the fluid delivery tube;
a buffer solution container coupled to the fluid pump, wherein the fluid pump
is configured to pump buffer solution from the buffer solution container
through the fluid delivery tube such that buffer solution is directed into the
collection chamber; and
a control module coupled to the fluid pump and configured to provide control
signals to the fluid pump such that a second volume of buffer solution is

provided into the collection chamber from the buffer solution container.

11
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