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Description

Title of Invention: AIRBORNE MICROBIAL MEASUREMENT

[1]

[2]

[3]

[4]
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APPARATUS AND MEASUREMENT METHOD THEREOF

Technical Field

The present disclosure relates to an airborne microbial measurement apparatus and a
measurement method thereof.
Background Art

Recently, avian influenza and new influenza have been at issue, and thus airborne
infection has been on the rise. Therefore, measurement of airborne microbes from air
has been more significantly handled, and accordingly, a biosensor market has grown
by a great deal.

Examples of a typical method of measuring airborne microbes from air include a cul-
tivation method of collecting airborne organism particles of a sample gas on a surface
of a solid or a liquid suitable for proliferation, performing cultivation under an en-
vironment of appropriate temperature and humidity for a predetermined period, and
obtaining the number of collected microbes from the number of colonies exhibited on
the surface, and a dyeing method of using a fluorescence microscope after dyeing.

Currently, it is possible to perform a rapid operation by reducing a time of a series of
processes required in ATP removing treatment, ATP extraction, and measurement of
the quantity of emitted light to about 30 minutes by an ATP bioluminescence detection
method using a principle that ATP (adenosine triphosphate) and luciferin/luciferase are
reacted to emit light.

Fig. 1 shows a constitution of a typical airborne microbial measurement apparatus.

Referring to FIG. 1, a typical airborne microbial measurement apparatus 1 includes
an airborne microbe collection apparatus 2 collecting airborne microbes that are
present in air, a cell wall destroying apparatus 3 destroying cell walls of the microbes
collected in the airborne microbe collection apparatus 2 to extract DNAs, an elec-
trophoresis apparatus 4 separating the extracted DNAs, a dyeing apparatus 5 dyeing
the separated DNAs, and a light emission measurement apparatus measuring the
intensity of light emitted from the dyed DNAs.

The airborne microbe collection apparatus 2 or the cell wall destroying apparatus 3
may be constituted so that a voltage is applied to the airborne microbes by using a
discharge electrode.

In addition, the electrophoresis apparatus 4 includes a membrane (substrate) coated
with an agarose gel, and the DNA having a predetermined polarity may pass through a

gel layer and be attached to the membrane having an opposite polarity.
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As described above, the typical airborne microbial measurement apparatus 1 has a
limitation in that since a plurality of apparatuses are complicatedly constituted to be
continuously operated, a measurement method is cumbersome and a measurement time

may be delayed.
In addition, there is a disadvantage in that since the membrane (substrate) coated

with the agarose gel needs to be replaced after used once, a cost is high and an

operation is cumbersome.
Disclosure of Invention

Technical Problem
Embodiments provide an airborne microbial measurement apparatus and a mea-
surement method thereof, in which an airborne microbe that is present in the air is

rapidly measured.

Solution to Problem

In one embodiment, an airborne microbial measurement apparatus includes: a
discharge apparatus including a discharge electrode and a voltage supply unit applying
a high voltage to the discharge electrode; a substrate provided to a side of the discharge
apparatus to collect an airborne microbe from air by the high voltage applied to the
discharge electrode; a reagent injection apparatus supplying a dyeing reagent to the
microbe collected on the substrate or a DNA of the microbe; and a light emission mea-
surement apparatus sensing a quantity of light generated from the DNA to which the
dyeing reagent is supplied, in which the discharge apparatus includes a controller con-
trolling the voltage supply unit so that the voltage is applied to collect the airborne
microbe or destroy an external wall of the collected airborne microbe.

Also, the controller may control the voltage supply unit so that voltage 1 is applied to
collect the airborne microbe from air on the substrate, and when the microbe is
collected on the substrate, the controller may control the voltage supply unit so that
voltage 2 is applied to destroy the external wall of the collected microbe.

Also, the voltage 2 may be higher than the voltage 1.

Also, the controller may control the voltage supply unit so that a level of the voltage
2 applied to destroy the external wall of the microbe is changed according to a type of
the microbe.

Also, the controller may control the voltage supply unit so that the level of the
voltage 2 is sequentially increased.

Also, an airborne microbe may include viruses, bacteria, and molds, and the
controller may control the voltage supply unit so that the level of the voltage 2 is
increased to sequentially destroy protein shells of the viruses, cell walls of the bacteria,

and cell walls of the molds.
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Also, the substrate may include a plastic material having polyethylene and

polypropylene mixed therein.
Also, the light emission measurement apparatus may include a blue LED and a CCD

camera.

In another embodiment, an airborne microbial measurement method includes:
collecting an airborne microbe on a substrate by applying a voltage to a discharge
apparatus; destroying an external wall of the microbe collected on the substrate and ex-
tracting a DNA by applying the voltage to the discharge apparatus; injecting a dyeing
reagent to the extracted DNA to perform light emission or fluorescence; and sensing a
quantity of emitted or fluorescent light by using a light emission measurement
apparatus.

Also, the collecting of the airborne microbe on the substrate may include applying
the voltage 1 to the discharge apparatus, and the destroying of the external wall of the
microbe collected on the substrate and the extracting of the DNA may include applying
the voltage 2 to the discharge apparatus.

Also, the voltage 2 may be higher than the voltage 1.

Also, the voltage 2 may form voltages having different levels according to a type of
the microbe.

Also, the destroying of the external wall of the microbe collected on the substrate and
the extracting of the DNA may include sequentially increasing the voltage 2 to se-
quentially destroy external walls of a plurality of microbes from the microbe having a
weak external wall to the microbe having a strong external wall.

The details of one or more embodiments are set forth in the accompanying drawings
and the description below. Other features will be apparent from the description and
drawings, and from the claims.

Advantageous Effects of Invention

According to an airborne microbial measurement apparatus and a measurement
method thereof according to embodiments, there are effects in that a microbe
collecting apparatus and a cell wall destroying apparatus are not separately required,
and collection of a microbe and destroying of a cell wall or a protein shell of the
microbe are sequentially performed by using one discharge apparatus, and thus the
measurement apparatus becomes compact, and the measurement method is simple.

In addition, there is an effect in that levels of voltages applied to a discharge
electrode are sequentially increased to sequentially destroy external walls of viruses,
bacteria, and molds and thus extract a DNA, thereby measuring a concentration of the
microbe for each type.

Furthermore, there are merits in that since a film unit on which the microbe is
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collected is made of a plastic material, the film unit is easily washed and used over a

relatively long period of time.
Also, there is an effect in that since a low-priced light emission measurement

apparatus is used, a manufacturing cost of the measurement apparatus is reduced.
Brief Description of Drawings

Fig. 1 is a block diagram showing a constitution of a typical airborne microbial mea-
surement apparatus.

Fig. 2 is a view showing a constitution of an airborne microbial measurement
apparatus according to an embodiment.

Fig. 3 is a view showing a constitution of a discharge apparatus according to the em-
bodiment.

Fig. 4 is a block diagram showing a constitution of the airborne microbial mea-
surement apparatus according to the embodiment.

Figs. 5 to 7 are views showing an airborne microbial measurement process according
to the embodiment.

Fig. 8 is a flowchart showing an airborne microbial measurement method according
to the embodiment.

Best Mode for Carrying out the Invention

Hereinafter, specific embodiments will be described with reference to the drawings.
However, the spirit of the present disclosure is not limited to the proposed em-
bodiments, and a person with ordinary skill in the art understanding the spirit of the
present disclosure may easily propose another embodiment within the same scope.

Fig. 2 is a view showing a constitution of an airborne microbial measurement
apparatus according to an embodiment, and Fig. 3 is a view showing a constitution of a
discharge apparatus according to the embodiment.

Referring to FIGS. 2 and 3, an airborne microbial measurement apparatus 10
according to the embodiment includes a film unit 100 as “a substrate” on which an
airborne microbe is collected from air, and a discharge apparatus 200 applying a high
voltage to collect the airborne microbe on the film unit 100.

The film unit 100 is constituted by a plastic material. For example, the film unit 100
is formed of a plastic material having polyethylene and polypropylene mixed therein.

The discharge apparatus 200 includes an AC corona discharge apparatus using
plasma discharge.

In detail, the discharge apparatus 200 includes a voltage supply unit 210 applying the
high voltage, a needle-shaped discharge electrode 220 forming a strong electric field
due to the high voltage applied from the voltage supply unit 210, and an earth electrode
230 disposed to be spaced apart from the discharge electrode 220. The earth electrode
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230 may have a flat plate shape and be positioned on a lower side of the film unit 100.

When the high voltage is applied from the voltage supply unit 210 to form the strong
electric field on the discharge electrode 220, corona discharge may occur due to a
difference in voltage of the discharge electrode 220 and the earth electrode 230.

In addition, anions (-) or cations (+) generated during corona discharge may be
electrified with the airborne microbe, and thus the airborne microbe may be electrically
charged. The electrically charged airborne microbe may be collected on or attached to
a surface of the film unit 100.

The discharge apparatus 200 may be operated so that an external wall of the microbe
collected on the film unit 100, that is, a cell wall or a protein shell, is destroyed. That
is, the discharge apparatus 200 may function as “a destroying apparatus” destroying
the cell wall or the protein shell of the microbe.

When the discharge apparatus 200 functions as the destroying apparatus to destroy
the external wall of the microbe, a DNA included in the microbe may be extracted.

The microbe may include various types of microbes. The cell wall may mean
external walls of bacteria or molds of the microbes, and the protein shell may mean
external walls of viruses of the microbes.

The discharge apparatus 200 may be operated so that the high voltage is applied
through the voltage supply unit 210 to destroy the external wall of the microbe. In this
case, it may be understood that the applied high voltage is higher than the voltage
applied to collect the microbe.

That is, when the high voltage applied to the discharge electrode 220 to collect the
microbe is called “voltage 1” and the voltage applied to the discharge electrode 220 to
destroy the external wall of the microbe is called “voltage 27, the voltage 2 may form a
voltage that is higher than the voltage 1.

Meanwhile, levels of the voltages at which external walls of various microbes can be
destroyed may be different from each other. For example, the protein shell of the virus
may be destroyed by even a relatively low voltage to extract a DNA, but the cell wall
of the bacterium is destroyed when a higher voltage is applied. In addition, the cell
wall of the mold may be destroyed when a voltage that is higher than the voltage
applied to destroy the cell wall of the bacterium is applied.

During a process of destroying the external wall of the microbe, the level of the
voltage applied to the discharge electrode 200 may be changed.

In detail, in the course of measuring the airborne microbe, the levels of the voltages
applied to the discharge electrode 200 may be controlled to be sequentially increased
and thus destroy the external wall of the weak microbe in advance and then destroy the
external wall of the relatively strong microbe.

For example, a voltage (voltage 2-1) enough to destroy the protein shell of the virus
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may be applied in advance to extract only the DNA of the virus, and the DNA may be
passed through a reagent injection apparatus 300 and a light emission measurement
apparatus 400 as will be described later to measure only a concentration of the virus of
the airborne microbes (first step).

A voltage (voltage 2-2) enough to destroy the cell wall of the bacterium may be then
applied to extract the DNA of the bacterium, and the DNA may be passed through the
reagent injection apparatus 300 and the light emission measurement apparatus 400 to
measure a concentration of the bacterium of the airborne microbes (second step). In
this case, since the measured concentration of the microbe may include both the con-
centration of the virus and the concentration of the bacterium, the concentration of the
bacterium may be calculated by subtracting the concentration of the first step from the
concentration of the second step.

After the concentration of the bacterium is measured, a voltage (voltage 2-3) enough
to destroy the cell wall of the mold may be applied to extract the DNA, and the DNA
may be passed through the reagent injection apparatus 300 and the light emission mea-
surement apparatus 400 to measure a concentration of the mold of the airborne
microbes (third step). In this case, since the measured concentration of the microbe
may include both the concentrations of the virus and the bacterium and the con-
centration of the mold, the concentration of the mold may be calculated by subtracting
the concentration of the second step from the concentration of the third step.

As described above, there is an effect in that the levels of the voltages applied to the
discharge electrode 220 are sequentially increased to sequentially destroy the external
walls of the viruses, the bacteria, and the molds and thus extract the DNA, thereby
sorting and measuring the concentration of the microbe for each type.

The airborne microbial measurement apparatus 10 further includes the reagent
injection apparatus 300 injecting a dyeing reagent (fluorescent dye) to the microbe
from which the DNA is extracted through the discharge apparatus 200. The reagent
injection apparatus 300 may be disposed at a position which is unidirectionally spaced
apart from the discharge apparatus 200.

The reagent injection apparatus 300 may be disposed outside the film unit 100 to
supply the dyeing reagent to the microbe attached to the film unit 100.

In this case, the film unit 100 can move frontward or rearward. Herein, it is un-
derstood that the term “frontward” is a direction which is headed for the reagent
injection apparatus 300 from the discharge apparatus 200 and the term “rearward” is a
direction which is headed for the discharge apparatus 200 from the reagent injection
apparatus 300.

For example, the film unit 100 may be combined with a rotatable roller or a belt

movable frontward or rearward to move. In another example, the film unit 100 may be
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wound around two rollers spaced apart from each other to unlimitedly rotate
(caterpillar mode).

In addition, the film unit 100 may be fixed when each process as will be described in
Fig. 8 is performed, and move to perform a process of a subsequent step. On the other
hand, the film unit 100 may continuously move at a slow rate so that each process is
performed for a short time.

When the discharge apparatus 200 is operated to collect the microbe on the surface of
the film unit 100 and destroy the external wall of the microbe and thus finish a DNA
extraction process, the film unit 100 may move, accordingly, the microbe or the DNA
may be positioned at a side of the reagent injection apparatus 300.

When the microbe or the DNA is positioned in a supply region of the reagent
injection apparatus 300, the dyeing reagent may be sprayed or injected through the
reagent injection apparatus 300 into the microbe or the DNA. The reagent injection
apparatus 300 may include a nozzle through which the dyeing reagent is emitted. In
addition, it is understood that the supply region is a portion of the region of the film
unit 100 and a distribution region of the dyeing reagent emitted through the reagent
injection apparatus 300.

When the dyeing reagent is reacted with the DNA, light emission or fluorescence of a
predetermined intensity may occur.

The airborne microbial measurement apparatus 10 further includes the light emission
measurement apparatus 400 to sense the quantity of emitted light or fluorescent light
generated while passing through the reagent injection apparatus 300. The light
emission measurement apparatus 400 may be disposed at a position which is unidirec-
tionally spaced apart from the reagent injection apparatus 300.

When supplying of the dyeing reagent is finished, the film unit 100 may move to
position the DNA of the microbe subjected to light emission at a side of the light
emission measurement apparatus 400, and the light emission measurement apparatus
400 may be operated.

The intensity of light emitted from the DNA may be measured by the light emission
measurement apparatus 400, and the concentration or the degree of contamination of
the microbe may be calculated through the measured intensity of light or the number of
light emission points.

The light emission measurement apparatus 400 may include relatively low-priced
LEDs and CCD(Charge-coupled device) cameras. For example, the LED may be a
blue LED.

In addition, the light emission measurement apparatus 400 may further include a
display unit displaying the measured intensity of light, and the concentration or the

degree of contamination of the microbe.
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Fig. 4 is a block diagram showing a constitution of the airborne microbial mea-
surement apparatus according to the embodiment.

Referring to Fig. 4, the airborne microbial measurement apparatus 10 according to
the embodiment includes the discharge apparatus 200, the reagent injection apparatus
300, and the light emission measurement apparatus 400.

In detail, the discharge apparatus 200 includes the voltage supply unit 210 applying
the high voltage, the discharge electrode 220 generating a strong electric field due to
the high voltage applied from the voltage supply unit 210, the earth electrode 230
spaced apart from the discharge electrode 220, and a controller 250 controlling the
voltage applied from the voltage supply unit 210.

The controller 250 may control the level of the voltage applied from the voltage
supply unit 210 in the course of collecting the airborne microbe and destroying the
external wall of the collected microbe.

In detail, in order to collect the airborne microbe on the film unit 100 from air, a
voltage having the level of the first voltage may be applied from the voltage supply
unit 210.

In addition, in order to destroy the external wall of the microbe collected on the film
unit 100, a voltage having the level of the second voltage may be applied from the
voltage supply unit 210. Herein, the second voltage may be higher than the first
voltage.

However, the levels of the voltages at which the external wall is destroyed may be
different from each other according to a type of microbe. Accordingly, the controller
250 may control the voltage so that the voltage having the level enough to destroy one
or more microbes of various types of microbes is applied.

As described above, the microbe may include the virus, the bacterium, and the mold.
In addition, the level of the voltage at which the external wall is destroyed is lowest for
the virus (voltage 2-1), and the levels may be sequentially increased for the bacterium
(voltage 2-2) and the mold (voltage 2-3).

For example, when the voltage that is the same as or higher than the voltage 2-3 is
applied from the voltage supply unit 210, all of the external walls of the virus, the
bacterium, and the mold may be destroyed and the DNA of each microbe may be
extracted.

In addition, the extracted DNA of each microbe may receive the dyeing reagent
while passing through the reagent injection apparatus 300 to emit light or fluorescent
light, and the quantity (intensity or the number of light emission points) of emitted
light may be sensed while the DNA passes through the light emission measurement
apparatus 400. That is, the concentration or the degree of contamination of all the

microbes may be calculated.
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On the other hand, when the voltage that is the same as or higher than the voltage 2-1
and the same as or lower than the voltage 2-2 is applied from the voltage supply unit
210, the external wall of the virus may be destroyed to extract the DNA but the
external walls of the bacterium and the mold may not be destroyed.

Further, when the voltage that is the same as or higher than the voltage 2-2 and the
same as or lower than the voltage 2-3 is applied from the voltage supply unit 210, the
external walls of the virus and the bacterium may be destroyed to extract the DNA but
the external wall of the mold may not be destroyed.

The controller 250 may control the voltage so that the levels of the voltages applied
from the voltage supply unit 210 are sequentially increased.

First, the voltage 2-1 is applied from the voltage supply unit 210 to destroy the
external wall, that is, the protein shell, of the virus and thus extract the DNA. The
extracted DNA passes through the reagent injection apparatus 300 and the light
emission measurement apparatus 400, and in this course, the concentration or the
degree of contamination of the virus may be calculated.

Then, the film unit 100 may move again to a side of the discharge apparatus 200
(move rearward), and the voltage 2-2 may be applied from the voltage supply unit 210.
The external wall, that is, the cell wall, of the bacterium of the collected microbes is
destroyed due to the applied voltage to extract the DNA. The extracted DNA passes
through the reagent injection apparatus 300 and the light emission measurement
apparatus 400, and in this course, the concentration or the degree of contamination of
the bacterium may be calculated.

Then, the film unit 100 may move again to a side of the discharge apparatus 200
(move rearward), and the voltage 2-3 may be applied from the voltage supply unit 210.
The external wall, that is, the cell wall, of the bacterium of the collected microbes is
destroyed due to the applied voltage to extract the DNA. The extracted DNA passes
through the reagent injection apparatus 300 and the light emission measurement
apparatus 400, and in this course, the concentration or the degree of contamination of
the bacterium may be calculated.

Figs. 5 to 7 are views showing an airborne microbial measurement process according
to the embodiment, and Fig. 8 is a flowchart showing an airborne microbial mea-
surement method according to the embodiment.

Referring to Figs. 5 to §, when the discharge apparatus 200 is operated to apply the
high voltage of the voltage 1 from the voltage supply unit 210, the airborne microbe is
collected from air on the surface of the film unit 100 in operation S11.

In addition, when the voltage 2 that is higher than the voltage 1 is applied from the
voltage supply unit 210, the external wall of the microbe collected on the surface of the

film unit 100 may be destroyed. When the external wall of the microbe is destroyed,
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the DNA that is present in the microbe may be extracted.

As described above, the external wall of the microbe may include the protein shell of
the virus, the cell wall of the bacterium, or the cell wall of the mold in operation S12.

After the microbe is collected and the cell wall is destroyed, the film unit 100 moves
frontward to position the extracted DNA at a side of the reagent injection apparatus
300. In addition, the dyeing reagent is emitted from the reagent injection apparatus 300
to be injected into the microbe or the DNA, and the DNA is reacted with the dyeing
reagent to cause light emission or fluorescence of a predetermined intensity in
operation S13.

After light emission or fluorescence of the DNA occurs, the film unit 100 moves
frontward to position the DNA of light emission or fluorescence at a side of the light
emission measurement apparatus 400. In addition, the light emission measurement
apparatus 400 may be operated to sense the quantity of emitted light or fluorescent
light, and the concentration of the microbe according to the sensed quantity of light
may be calculated by using a computer program.

As described above, there is an effect in that since the constitution of the airborne
microbial measurement apparatus and the measurement method thereof according to
the embodiment are simple, a cost is low.

Meanwhile, as described above, when various types of microbes are collected on the
film unit 100, the levels of the voltages applied from the voltage supply unit 210 can
be sequentially increased to selectively destroy the external walls of the microbes and
thus extract the DNAs. In addition, only the concentration of the corresponding
microbe having the extracted DNA can be measured.

Accordingly, among the collected various airborne microbes, the microbe to be
measured can be sorted and the concentration thereof can be selectively sensed, and
thus easy of use can be increased.

Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts and/or ar-
rangements of the subject combination arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses will also be apparent to
those skilled in the art.
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Claims

An airborne microbial measurement apparatus comprising:

a discharge apparatus including a discharge electrode and a voltage
supply unit applying a high voltage to the discharge electrode;

a substrate provided to a side of the discharge apparatus to collect an
airborne microbe from air by the high voltage applied to the discharge
electrode;

a reagent injection apparatus supplying a dyeing reagent to the microbe
collected on the substrate or a DNA of the microbe; and

a light emission measurement apparatus sensing a quantity of light
generated from the microbe or the DNA to which the dyeing reagent is
supplied,

wherein the discharge apparatus includes a controller controlling the
voltage supply unit so that the voltage is applied to collect the airborne
microbe or destroy an external wall of the collected airborne microbe.
The airborne microbial measurement apparatus according to claim 1,
wherein the controller controls the voltage supply unit so that voltage 1
is applied to collect the airborne microbe from air on the substrate, and
when the microbe is collected on the substrate, the controller controls
the voltage supply unit so that voltage 2 is applied to destroy the
external wall of the collected microbe.

The airborne microbial measurement apparatus according to claim 2,
wherein the voltage 2 is higher than the voltage 1.

The airborne microbial measurement apparatus according to claim 2,
wherein the controller controls the voltage supply unit so that a level of
the voltage 2 applied to destroy the external wall of the microbe is
changed according to a type of the microbe.

The airborne microbial measurement apparatus according to claim 4,
wherein the controller controls the voltage supply unit so that the level
of the voltage 2 is sequentially increased.

The airborne microbial measurement apparatus according to claim 5,
wherein the airborne microbe includes viruses, bacteria, and molds, and
the controller controls the voltage supply unit so that the level of the
voltage 2 is increased to sequentially destroy protein shells of the
viruses, cell walls of the bacteria, and cell walls of the molds.

The airborne microbial measurement apparatus according to claim 1,

wherein the substrate includes a plastic material having polyethylene
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and polypropylene mixed therein.

The airborne microbial measurement apparatus according to claim 1,
wherein the light emission measurement apparatus includes a blue LED
and a CCD camera.

An airborne microbial measurement method comprising:

collecting an airborne microbe on a substrate by applying a voltage to a
discharge apparatus;

destroying an external wall of the microbe collected on the substrate
and extracting a DNA by applying a voltage to the discharge apparatus;
injecting a dyeing reagent to the extracted DNA to perform light
emission or fluorescence; and

sensing a quantity of emitted or fluorescent light by using a light
emission measurement apparatus.

The airborne microbial measurement method according to claim 9,
wherein the collecting of the airborne microbe on the substrate includes
applying voltage 1 to the discharge apparatus, and the destroying of the
external wall of the microbe collected on the substrate and the ex-
tracting of the DNA include applying voltage 2 to the discharge
apparatus.

The airborne microbial measurement method according to claim 10,
wherein the voltage 2 is higher than the voltage 1.

The airborne microbial measurement method according to claim 10,
wherein the voltage 2 forms voltages having different levels according
to a type of a microbe.

The airborne microbial measurement method according to claim 12,
wherein the destroying of the external wall of the microbe collected on
the substrate and the extracting of the DNA include sequentially in-
creasing the voltage 2 to sequentially destroy external walls of a
plurality of microbes from the microbe having a weak external wall to

the microbe having a strong external wall.
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