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(54) MEASUREMENT DEVICE AND MEASUREMENT METHOD

(57) A measurement device includes: a capturing
part for causing a liquid to capture detection target par-
ticles contained in a gas and causing a fluorescent sub-
stance specifically bondable to the detection target par-
ticles to be bonded to the detection target particles; a
droplet forming part for forming aerosol-like droplets from
the liquid; and a measurement part for irradiating light
onto the droplets and measuring the fluorescence inten-
sity of the droplets. The capturing part includes a cyclone

which swirls the gas introduced from a gas introduction
part in a circumferential direction, separates the detection
target particles toward a wall surface of the cyclone body
under a centrifugal force, introduces the liquid from the
liquid introduction part, causes the liquid to capture the
detection target particles separated toward the wall sur-
face and continuously supplies the liquid to the droplet
forming part.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a measurement device and a measurement method.

BACKGROUND

[0002] In the related art, a detection method for detecting detection target particles to be detected is known. As a
detection method, a method which makes use of fluorescence-labeled antibodies specifically bonded to detection target
particles to be detected is known. In the method using the fluorescence-labeled antibodies, for example, a drug solution
containing fluorescence-labeled antibodies specifically bonded to viruses is brought into contact with an inspection target
gas so that the viruses existing in the gas are diffused into the drug solution. Thus, a mist group of the drug solution, in
which the viruses are diffused, is formed and the fluorescence intensity thereof is measured. The viruses are detected
depending on the fluorescence intensity (see, e.g., International Publication No. 2012/056641).

SUMMARY

[0003] In this regard, there is a need to improve the detection accuracy of detection target particles.
[0004] According to one embodiment of the present disclosure, there is provided a measurement device, including: a
capturing part configured to cause a liquid to capture detection target particles contained in a gas and configured to
cause a fluorescent substance, which is specifically bondable to the detection target particles, to be bonded to the
detection target particles existing in the liquid; a droplet forming part configured to form aerosol-like droplets from the
liquid supplied from the capturing part; and a measurement part configured to irradiate light onto the droplets and
configured to measure the fluorescence intensity of the droplets, wherein the capturing part includes a cyclone including
a gas introduction part, a liquid introduction part and a cyclone body, the cyclone configured to swirl the gas introduced
from the gas introduction part in a circumferential direction of the cyclone body, separate the detection target particles
existing in the gas toward a wall surface of the cyclone body by virtue of a centrifugal force, introduce the liquid from the
liquid introduction part, cause the liquid to capture the detection target particles separated toward the wall surface of the
cyclone body and continuously supply the liquid to the droplet forming part.
[0005] According to another embodiment of the present disclosure, there is provided a measurement method, including:
a capturing process of causing a liquid to capture detection target particles contained in a gas and causing a fluorescent
substance, which is specifically bondable to the detection target particles, to be bonded to the detection target particles
existing in the liquid; a droplet forming process of forming aerosol-like droplets from the liquid supplied from the capturing
process; and a measurement process of irradiating light on the droplets and measuring the fluorescence intensity of the
droplets, wherein the capturing process includes a cyclone process of, by use of a cyclone including a gas introduction
part, a liquid introduction part and a cyclone body, swirling the gas introduced from the gas introduction part in a circum-
ferential direction of the cyclone body, separating the detection target particles existing in the gas toward a wall surface
of the cyclone body by virtue of a centrifugal force, introducing the liquid from the liquid introduction part, causing the
liquid to capture the detection target particles separated toward the wall surface of the cyclone body and continuously
supplying the liquid to the droplet forming process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a schematic view illustrating a configuration of a measurement device according to a first embodiment of
the present disclosure.
FIG. 2A is a schematic diagram illustrating a state in which a fluorescent substance is bonded to a detection target
particle.
FIG. 2B is a schematic diagram illustrating a state in which antibody agglomeration particles are bonded to detection
target particles.
FIG. 3 is a schematic view illustrating a modification of the configuration of a droplet forming part of the measurement
device illustrated in FIG. 1.
FIG. 4 is a perspective view illustrating the configuration of a droplet sorting part of the measurement device illustrated
in FIG. 1.
FIG. 5 is an internal configuration diagram illustrating the configuration of a measurement part of the measurement
device illustrated in FIG. 1.
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FIG. 6 is a schematic diagram for explaining the fluorescence intensity in the case where the diameter of droplets
is relatively large.
FIG. 7 is a schematic diagram for explaining the fluorescence intensity in the case where the diameter of droplets
is relatively small.
FIG. 8 is a graph illustrating the measurement results of the fluorescence intensity in an example using the meas-
urement device illustrated in FIG. 1.
FIG. 9 is a graph overlappingly illustrating the measurement results of the fluorescence intensity in an example in
which the measurement device illustrated in FIG. 1 is used and a comparative example in which a particle sorting
part is omitted from the measurement device illustrated in FIG. 1.
FIG. 10 is a schematic view illustrating the configuration of a capturing part of a measurement device according to
a second embodiment of the present disclosure.
FIG. 11 is a schematic view illustrating the configuration of a capturing part of a measurement device according to
a third embodiment of the present disclosure.
FIG. 12 is a schematic view illustrating the configuration of a capturing part of a measurement device according to
a fourth embodiment of the present disclosure.
FIG. 13 is a schematic view illustrating an aspect in which a heating mechanism is installed in a capturing part.
FIG. 14 is a schematic view illustrating the configuration of a droplet forming part of a measurement device according
to a fifth embodiment of the present disclosure.
FIG. 15 is a schematic view illustrating the configuration of a measurement part of a measurement device according
to a sixth embodiment of the present disclosure.

DETAILED DESCRIPTION

[0007] Embodiments of the present disclosure will now be described in detail. The present disclosure disclosed herein
is not limited by the present embodiments. Respective embodiments may be appropriately combined unless a conflict
arises in the processing content.
[0008] A measurement device according to one embodiment of the present disclosure includes: a capturing part
configured to cause a liquid to capture detection target particles contained in a gas and configured to cause a fluorescent
substance, which is specifically bondable to the detection target particles, to be bonded to the detection target particles
existing in the liquid; a droplet forming part configured to form aerosol-like droplets from the liquid supplied from the
capturing part; and a measurement part configured to irradiate light onto the droplets and configured to measure the
fluorescence intensity of the droplets. The capturing part includes a cyclone including a gas introduction part, a liquid
introduction part and a cyclone body, the cyclone configured to swirl the gas introduced from the gas introduction part
in a circumferential direction of the cyclone body, separate the detection target particles existing in the gas toward a wall
surface of the cyclone body by virtue of a centrifugal force, introduce the liquid from the liquid introduction part, cause
the liquid to capture the detection target particles separated toward the wall surface of the cyclone body and continuously
supply the liquid to the droplet forming part.
[0009] In the measurement device of the embodiment described above, the cyclone may further include a level detection
part configured to detect a level of the liquid introduced into the cyclone body. The cyclone adjusts a flow rate of the
liquid introduced from the liquid introduction part, based on a detection result of the level detection part.
[0010] In the measurement device of the embodiment described above, specifically, for example, the liquid introduction
part is configured to introduce the liquid containing the fluorescent substance into the cyclone body.
[0011] Alternatively, in the measurement device of the embodiment described above, a second liquid introduction part
configured to merge the liquid containing the fluorescent substance with the liquid flowing through a pipe for intercon-
necting a lower portion of the cyclone body and the droplet forming part may be connected to the pipe. In this case, the
liquid introduction part may be configured to introduce a liquid for pretreating the detection target particles into the cyclone
body.
[0012] In the measurement device of the embodiment described above, the capturing part may further include a second
cyclone provided with a second gas introduction part and a second cyclone body. The second cyclone is configured to
swirl a gas introduced from the second gas introduction part in a circumferential direction of the second cyclone body,
separate detection target particles existing in the gas toward a wall surface of the second cyclone body by virtue of a
centrifugal force and continuously supply the detection target particles to the gas introduction part of the cyclone.
[0013] In the measurement device of the embodiment described above, specifically, for example, a suction-exhaust
part configured to suction-exhaust and depressurize an interior of the cyclone body and configured to introduce the gas
from the gas introduction part by a differential pressure so as to swirl in the circumferential direction, is installed in the
cyclone.
[0014] Alternatively, in the measurement device of the embodiment described above, a swirling part configured to
swirl the gas introduced from the gas introduction part in the circumferential direction may be installed within the cyclone
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body.
[0015] Furthermore, in the measurement device of the embodiment described above, a heating mechanism configured
to heat the liquid may be installed in the capturing part. Alternatively, in the measurement device of the embodiment
described above, a cooling mechanism configured to cool the liquid may be installed in the capturing part.
[0016] Furthermore, in the measurement device of the embodiment described above, the measurement part may be
configured to measure the fluorescence intensity of the droplets in two or more kinds of different wavelength ranges.
[0017] Furthermore, in the measurement device of the embodiment described above, the measurement part may be
configured to measure the fluorescence intensity of the droplets and the scattered light intensity of the droplets.
[0018] In the measurement device of the embodiment described above, specifically, for example, the fluorescent
substance is a fluorescence-labeled antibody or a fluorescent sugar chain probe. The fluorescence-labeled antibody
may have a property of changing the fluorescence intensity when specifically bonded. Alternatively, in the measurement
device of the embodiment described above, the fluorescence-labeled antibody may have a property of allowing a plurality
of fluorescent substances to gather together. In this case, the detection target particles modified with the fluorescence-
labeled antibody are also aggregated. This makes it possible to obtain a more intense light emission.
[0019] Furthermore, a measurement method according to one embodiment of the present disclosure includes: a
capturing process of causing a liquid to capture detection target particles contained in a gas and causing a fluorescent
substance, which is specifically bondable to the detection target particles, to be bonded to the detection target particles
existing in the liquid; a droplet forming process of forming aerosol-like droplets from the liquid supplied from the capturing
process; and a measurement process of irradiating light on the droplets and measuring the fluorescence intensity of the
droplets. The capturing process includes a cyclone process of, by use of a cyclone including a gas introduction part, a
liquid introduction part and a cyclone body, swirling the gas introduced from the gas introduction part in a circumferential
direction of the cyclone body, separating the detection target particles existing in the gas toward a wall surface of the
cyclone body by virtue of a centrifugal force, introducing the liquid from the liquid introduction part, causing the liquid to
capture the detection target particles separated toward the wall surface of the cyclone body and continuously supplying
the liquid to the droplet forming process.
[0020] In the measurement method of the embodiment described above, the cyclone process may include detecting
a level of the liquid introduced into the cyclone body and adjusting a flow rate of the liquid introduced from the liquid
introduction part based on a detection result.
[0021] In the measurement method of the embodiment described above, specifically, for example, the fluorescent
substance is a fluorescence-labeled antibody or a fluorescent sugar chain probe. The fluorescence-labeled antibody
may have a property of changing the fluorescence intensity when specifically bonded. Alternatively, in the measurement
method of the embodiment described above, the fluorescence-labeled antibody may have a property of allowing a
plurality of fluorescent substances to gather together. In this case, the detection target particles modified with the fluo-
rescence-labeled antibody are also aggregated. This makes it possible to obtain a more intense light emission. Depending
on the fluorescent substance, there may be a case where a time is required in bonding the fluorescent substance to the
detection target particles. In one embodiment of the present disclosure, since a reaction is generated within the cyclone
body, it is possible to bond the fluorescent substance to the detection target particles more reliably than a method in
which a fluorescent substance is bonded to detection target particles within a flow path. In some embodiments, the liquid
existing within the cyclone body may be allowed to stay for an arbitrary time period.
[0022] Next, specific examples of embodiments of the present disclosure will be described with reference to the
accompanying drawings.
[0023] FIG. 1 is a schematic view illustrating the configuration of a measurement device according to a first embodiment
of the present disclosure. In an example illustrated in FIG. 1, descriptions will be made by taking, as an example, a case
where a measurement device 10 performs detection of detection target particles based on the fluorescence intensity of
droplets. However, the present disclosure is not limited thereto. For example, the measurement device 10 may merely
measure the fluorescence intensity of droplets. In this case, a user or another device may determine whether the detection
target particles are contained in an inspection target gas, based on the fluorescence intensity measured by the meas-
urement device 10. The detection target particles may be, for example, viruses, bacteria, pollen, toxic substances or the
like. However, the detection target particles are not limited thereto as long as a fluorescent substance is specifically
bondable to the detection target particles.
[0024] As illustrated in FIG. 1, in the present embodiment, the measurement device 10 includes a dust removal part
11, a main pipe 18, a capturing part 12, a droplet forming part 13, a droplet sorting part 14, a measurement part 15, a
liquid recovery part 16 and a suction pump 17.
[0025] The positional relationship of the respective parts will be briefly described. The main pipe 18 is a gas flow guide
path. The dust removal part 11 is disposed at the upstream side of a gas flow guided by the main pipe 18. The suction
pump 17, which is a gas flow forming mechanism configured to form a gas flow within the main pipe 18, is disposed at
the downstream side of the gas flow guided by the main pipe 18. In other words, the suction pump 17 is configured to
form a gas flow flowing from the dust removal part 11 toward the suction pump 17 within the main pipe 18. In some
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embodiments, as the gas flow forming mechanism, an air blower pump may be installed at the upstream side of the dust
removal part 11. In this case, compressed air may be supplied from the air blower pump into the main pipe 18.
[0026] Furthermore, the droplet forming part 13, the droplet sorting part 14, the measurement part 15 and the liquid
recovery part 16 are installed in the main pipe 18 between the dust removal part 11 and the suction pump 17 in the
named order.
[0027] Next, descriptions will be made on the configurations of the respective parts. The dust removal part 11 has a
gas flow resistance which is required to form aerosol-like droplets within the main pipe 18. The dust removal part 11 is
configured to supply a clean gas by capturing particles which may affect the measurement.
[0028] Next, descriptions will be made on the capturing part 12. The capturing part 12 is configured to cause a liquid
to capture detection target particles contained in an inspection target gas and is configured to cause a fluorescent
substance, which is specifically bondable to the detection target particles, to be bonded to the detection target particles
existing in the liquid.
[0029] In the present embodiment, as illustrated in FIG. 1, the capturing part 12 includes a cyclone 20 which is provided
with a cyclone body 21, a gas introduction part 22 for introducing a gas into the cyclone body 21 and a liquid introduction
part 23 for introducing a liquid into the cyclone body 21.
[0030] The cyclone body 21 has an inner surface (hereinafter referred to as a "wall surface") of a frusto-conical shape
and is oriented so that a small-diameter-side end portion is positioned lower than a large-diameter-side end portion.
[0031] The gas introduction part 22 is installed in an upper portion of the cyclone body 21 so as to extend in a tangential
direction of the wall surface of the cyclone body 21 and is gas-tightly connected to a coarse-dust removal part 19. The
coarse-dust removal part 19 is configured to allow measurement target particles to pass therethrough and is configured
to capture relatively-large particles. The gas introduced from the coarse-dust removal part 19 into the cyclone body 21
through the gas introduction part 22 is guided along the wall surface of the cyclone body 21 so as to swirl in a circumferential
direction.
[0032] The liquid introduction part 23 includes a tank 23a configured to accommodate a liquid, a liquid introduction
pipe 23b connected at one end to a lower portion of the tank 23a and connected at the other end to the wall surface of
the cyclone body 21, and a flow rate control part 23c installed in the liquid introduction pipe 23b.
[0033] In the present embodiment, a liquid containing a fluorescent substance is accommodated within the tank 23a.
The fluorescent substance is, for example, a fluorescence-labeled antibody. As illustrated in FIG. 2A, the fluorescence-
labeled antibody Y is specifically bonded to a specific detection target particle P using an antibody-antigen reaction.
[0034] As illustrated in FIG. 2B, the fluorescent substance may be antibody agglomeration particles A whose surface
is modified by a plurality of fluorescence-labeled antibodies Y. In this case, the fluorescence-labeled antibodies Y on
surfaces of the antibody agglomeration particles A are specifically bonded to specific detection target particles P using
an antibody-antigen reaction. Thus, it is possible to agglomerate the detection target particles P through the antibody
agglomeration particle A. Accordingly, the volume intensity of the fluorescence-labeled antibodies Y increases, which
makes it possible to increase the fluorescence intensity.
[0035] The other end of the liquid introduction pipe 23b is connected to the wall surface of the cyclone body 21 at a
height position lower than the gas introduction part 22. On the other hand, one end of the liquid introduction pipe 23b is
disposed in a height position higher than the other end. If the flow rate control part 23c is opened, the liquid accommodated
within the tank 23a is introduced into the cyclone body 21 through the liquid introduction pipe 23b using gravity.
[0036] However, the liquid introduction part 23 is not limited to this configuration. For example, the liquid introduction
part 23 may include a syringe pump which accommodates a liquid containing a fluorescent substance. The tip of the
syringe pump may be connected to the wall surface of the cyclone body 21. If the interior of the syringe pump is pressurized
by a piston, the liquid containing the fluorescent substance may be introduced into the cyclone body 21.
[0037] In the present embodiment, a suction-exhaust part 24 configured to suction-exhaust and depressurize the
interior of the cyclone body 21 and configured to introduce the gas from the gas introduction part 22 under a differential
pressure so as to swirl in the circumferential direction, is installed above the cyclone body 21.
[0038] The suction-exhaust part 24 includes a suction-exhaust pipe 24b coaxially inserted into the upper portion of
the cyclone body 21 and a suction-exhaust pump 24a installed in the suction-exhaust pipe 24b.
[0039] If the suction-exhaust pump 24a is operated, the interior of the cyclone body 21 is suction-exhausted and
depressurized through the suction-exhaust pipe 24b. Under the differential pressure between the interior and exterior
of the cyclone body 21, a gas existing outside the cyclone body 21 is drawn from the gas introduction part 22 into the
cyclone body 21 through the coarse-dust removal part 19. Then, the gas introduced into the cyclone body 21 is guided
along the wall surface of the cyclone body 21 and is moved downward while swirling in the circumferential direction.
That is to say, the gas introduced into the cyclone body 21 forms a gas flow swirling in a spiral shape. At this time, the
detection target particles existing in the gas are separated toward the wall surface of the cyclone body 21 under a
centrifugal force because the detection target particles have a relatively-large specific gravity. On the other hand, the
flow of a gas component having a relatively-small specific gravity is reversed in the lower portion of the cyclone body
21 due to the frusto-conical shape of the wall surface of the cyclone body 21, thereby forming an upward flow at the side
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of a center axis of the cyclone body 21. Then, the gas component having a relatively-small specific gravity is discharged
outside through the suction-exhaust pipe 24b.
[0040] The liquid introduced from the liquid introduction part 23 into the cyclone body 21 is biased outward by the gas
flow swirling in the circumferential direction and is formed into a film shape along the wall surface of the cyclone body 21.
[0041] In the present embodiment, a level detection part 25 configured to detect a level of the liquid formed into a film
shape is installed in the wall surface of the cyclone body 21. The flow rate control part 23c of the liquid introduction part
23 is configured to control a flow rate based on a detection result of the level detection part 25.
[0042] More specifically, the level detection part 25 includes a pair of electrodes exposed toward the interior of the
cyclone body 21 and a measuring part configured to measure the conductivity between the electrodes. If the level of the
liquid is higher than the height position of the pair of electrodes, the electrodes are conducted through the liquid, whereby
the conductivity grows relatively high. On the other hand, if the level of the liquid is lower than the height position of the
pair of electrodes, the electrodes are insulated from each other, whereby the conductivity grows relatively low. A meas-
urement result available in the case where the level of the liquid is higher than the height position of the pair of electrodes
and a measurement result available in the case where the level of the liquid is lower than the height position of the pair
of electrodes are obtained in advance by experiments. The value between the two measurement results is determined
as a threshold value. Thereafter, if the measurement result of the measuring part is larger than the threshold value, it is
determined that the level of the liquid is higher than the height position of the pair of electrodes. If the measurement
result of the measuring part is smaller than the threshold value, it is determined that the level of the liquid is lower than
the height position of the pair of electrodes.
[0043] If it is determined by the level detection part 25 that the level of the liquid is lower than the height position of
the pair of electrodes, the flow rate control part 23c increases the flow rate of the liquid until the level of the liquid becomes
higher than the height position of the pair of electrodes. This makes it possible to prevent a contact area of the liquid
existing within the cyclone body 21 with respect to the gas from being reduced by the delivery or evaporation of the liquid.
[0044] A liquid supply pipe 26 is connected to the lower side of the cyclone body 21. A liquid feeding pump 27 is
installed in the liquid supply pipe 26.
[0045] The interior of the cyclone body 21 is depressurized by the suction-exhaust part 24. However, by pressurizing
and feeding the liquid existing within the liquid supply pipe 26 through the use of the liquid feeding pump 27, it is possible
to continuously and stably supply the liquid from the interior of the cyclone body 21 toward the droplet forming part 13
through the liquid supply pipe 26.
[0046] While not necessarily essential, as illustrated in FIG. 13, a heating mechanism 46 configured to heat the liquid
may be installed in the capturing part 12. In this case, by heating the liquid close to, for example, body temperature
(about 35 degrees C) when the reactivity of the fluorescent substance is reduced in a low temperature environment such
as a cold area or the like, it is possible to activate the fluorescent substance existing in the liquid and to increase the
reaction speed.
[0047] In some embodiments, a cooling mechanism (not shown) configured to cool the liquid may be installed in the
capturing part 12. In this case, by cooling the liquid close to, for example, body temperature (about 35 degrees C) when
the reactivity of the fluorescent substance is reduced in a high temperature environment such as a hot area or the like,
it is possible to activate the fluorescent substance existing in the liquid and to increase the reaction speed.
[0048] Next, descriptions will be made on the droplet forming part 13. The droplet forming part 13 is to form aerosol-
like droplets from the liquid supplied from the capturing part 12. More specifically, the droplet forming part 13 forms
aerosol-like droplets from the liquid supplied from the capturing part 12 through the use of at least one of a nebulizer,
an electrospray, a two-fluid nozzle, a piezoelectric element, an ultrasonic wave and a depressurization treatment.
[0049] In the present embodiment, as illustrated in FIG. 1, the droplet forming part 13 includes a throttle portion 18a
where the diameter of the main pipe 18 is significantly reduced. An end portion of the liquid supply pipe 26 is coaxially
inserted into the throttle portion 18a. When the gas flow flowing in the main pipe 18 passes through the throttle portion
18a, the velocity of the gas flow increases. At this time, a negative pressure is generated in the end portion of the liquid
supply pipe 26 by the high-velocity gas flow passing through the throttle portion 18a. The liquid existing within the liquid
supply pipe 26 is sucked and split by the negative pressure. Thus, aerosol-like droplets are formed from the liquid
supplied from the liquid supply pipe 26 (two-fluid nozzle).
[0050] While in the example illustrated in FIG. 1, the end portion of the liquid supply pipe 26 has been described to
be coaxially inserted into the throttle portion 18a, the present disclosure is not limited thereto. For example, as illustrated
in FIG. 3, the end portion of the liquid supply pipe 26 may be connected to the throttle portion 18a at a right angle with
respect to the throttle portion 18a.
[0051] Next, descriptions will be made on the droplet sorting part 14. The droplet sorting part 14 is to sort droplets
having a diameter smaller than a predetermined value, among the droplets supplied from the droplet forming part 13.
[0052] As the droplet sorting part 14, it may be possible to use, for example, a spray chamber configured to sort
droplets having a diameter smaller than a predetermined value through the use of an inertial force. Specifically, for
example, the droplet sorting part 14 may be one selected from a group consisting of a cyclone-shaped spray chamber,
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a Scott-shaped spray chamber and an inertial branch-shaped spray chamber. Such a spray chamber is well-known in
the technical field of inductively coupled plasma (ICP) emission spectrometry and is illustrated in, for example, JIS K0133.
However, in the present embodiment, there is not provided an effect that the droplets having a diameter decomposable
by inductively-coupled plasma are sorted using a spray chamber. As will be described later, by combining a spray
chamber with a method which makes use of a fluorescent substance specifically bondable to detection target particles,
the present embodiment provides an effect unexpected from the conventional spray chamber in that detection target
particles can be accurately detected by increasing the difference between the fluorescence intensity of droplets not
containing detection target particles and the fluorescence intensity of droplets containing detection target particles.
[0053] FIG. 4 is a schematic view illustrating one example of the configuration of the droplet sorting part 14. The droplet
sorting part 14 illustrated in FIG. 4 is a cyclone-shaped spray chamber. The droplet sorting part 14 includes a central
chamber body 14a having a cylindrical inner surface, an upper chamber body 14b having a frusto-conical inner surface
formed in a central upper end portion, and a lower chamber body 14c having a frusto-conical inner surface formed in a
central lower end portion.
[0054] The main pipe 18 is connected to the inner surface of the central chamber body 14a in such an orientation as
to extend in a tangential direction of the inner surface. The gas flow containing droplets introduced into the central
chamber body 14a through the main pipe 18 is guided along the inner surface of the central chamber body 14a under
an inertial force and is caused to swirl in a circumferential direction. At this time, the droplets having a diameter equal
to or larger than a predetermined value are separated toward the inner surface of the central chamber body 14a under
a centrifugal force, so that the droplets impinge against and adhere to the inner surface. Thus, the droplets having a
diameter equal to or larger than a predetermined value are removed from the gas flow. The droplets having a diameter
smaller than the predetermined value are carried by the gas flow and are supplied from the upper side of the upper
chamber body 14b toward the measurement part 15. In the meantime, the droplets (liquid) adhering to the inner surface
of the central chamber body 14a are allowed to flow down toward the lower chamber body 14c using gravity and are
discharged outside from the lower side of the lower chamber body 14c. In the case where a small amount of droplets
(liquid) adheres to the inner surface of the central chamber body 14a, they are evaporated. Thus, there is no need to
install a liquid discharge mechanism.
[0055] In this regard, the spray chamber sorts the droplets through the use of an inertial force. Thus, the upper limit
value of the diameter of the droplets sorted by the spray chamber has a correlation with mechanical parameters such
as the dimension and shape of the spray chamber, the flow velocity of the gas flow, and the like. Accordingly, by
appropriately selecting the mechanical parameters such as the dimension and shape of the spray chamber, the flow
velocity of the gas flow, and the like, it is possible to set the upper limit value of the diameter of the droplets sorted by
the spray chamber at a desired value. The diameter of the droplets sorted by the spray chamber may be appropriately
selected depending on a measurement target or a measurement purpose. In the case where viruses or bacteria are
used as the measurement target, the diameter of the droplets sorted by the spray chamber may be 50 mm or less,
specifically 20 mm or less.
[0056] Next, descriptions will be made on the measurement part 15. FIG. 5 is a schematic view illustrating one example
of the configuration of the measurement part 15. The measurement part 15 is to irradiate light onto the droplets and
measure the fluorescence intensity of the droplets.
[0057] In the present embodiment, as illustrated in FIG. 5, the measurement part 15 includes a case body 56 of, for
example, a square shape, which is connected to the main pipe 18 and which defines a flow space of the gas flow
containing the droplets sorted by the droplet sorting part 14. Light transmission windows 52a and 52b parallel to each
other and made of quartz are disposed on the mutually-opposing upper and lower (or left and right) surfaces of the case
body 56.
[0058] At the outer side of one light transmission window 52a, there is installed a light-emitting part 51 which irradiates
laser light having a wavelength deviated from a wavelength of fluorescent light emitted from the fluorescent substance
into the case body 56. Furthermore, at the outer side of the other light transmission window 52b, there is installed an
optical filter 53 which blocks the light having a wavelength deviated from a wavelength of fluorescent light emitted from
the fluorescent substance. At the further outer side of the other light transmission window 52b, there is installed a light-
receiving part 54 which receives the fluorescent light of the fluorescent substance and converts the same to an electrical
signal. The light-receiving part 54 is, for example, a photomultiplier tube. The light-receiving part 54 is configured to
output, for example, an electric current of a signal level corresponding to the intensity of the light received from the
optical filter 53, to a light reception output measuring part 55.
[0059] The light reception output measuring part 55 is configured to, for example, convert a current to a voltage,
compare a voltage signal Ia indicating the converted voltage with a predetermined threshold value Is, and notify or
display on a display part (not shown) an arm indicating the detection of detection target particles when it is determined
that the voltage signal Ia is larger than the threshold value Is.
[0060] In this regard, the voltage signal Ia is a signal corresponding to the light reception intensity. Thus, the threshold
value Is is determined as follows. That is to say, the threshold value Is is set at a value between a fluorescence intensity
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available when the droplets formed by the droplet forming part 13 pass through the case body 56 in the case where
detection target particles do not exist in an inspection target gas and a fluorescence intensity available when the droplets
formed by the droplet forming part 13 pass through the case body 56 in a state in which detection target particles are
contained in an inspection target gas and in which a fluorescent substance is bonded to the detection target particles.
The fluorescence intensity available when the detection target particles do not exist in the inspection target gas corre-
sponds to the intensity of the fluorescent light emitted from the fluorescent substance adhering to the dust contained in
the gas passing through the case body 56 or the fluorescent substance contained in the droplets not containing the
detection target particles. The fluorescent substance is specifically bonded to the detection target particles. As a result,
generally speaking, the density of the fluorescent light available when the detection target particles exist is higher than
the density of the fluorescent light available when the detection target particles do not exist. Thus, a difference in the
fluorescence intensity corresponding to the existence or absence of the detection target particles is generated.
[0061] Referring back to FIG. 1, a liquid recovery part 16 composed of, for example, a mesh body and configured to
capture the droplets passed through the measurement part 15 is installed at the downstream side of the measurement
part 15. A suction pump 17 is installed at the downstream side of the liquid recovery part 16. The gas passed through
the liquid recovery part 16 is exhausted outside the measurement device 10 via, for example, a filter (not shown) for
adsorbing and removing the detection target particles. A liquid discharge mechanism is installed in the liquid recovery
part 16. However, if the amount of droplets (liquid) passing through the liquid recovery part 16 is sufficiently small, the
droplets (liquid) are evaporated. Thus, there is no need to install the liquid discharge mechanism.
[0062] Next, descriptions will be made on a process in which the droplets having a diameter smaller than a predeter-
mined value are sorted by the droplet sorting part 14.
[0063] In the method which makes use of the fluorescent substance specifically bonded to the detection target particles,
an unreacted fluorescent substance becomes noise. FIG. 6 is a schematic diagram for explaining the fluorescence
intensity in the case where the diameter of the droplets is relatively large. In an example illustrated in FIG. 6, the shade
of a color indicates the strength of the fluorescence intensity.
[0064] As can be noted from the liquid droplet designated by reference numeral 301 in FIG. 6, the fluorescent substance
existing in the liquid droplet emits fluorescent light even if the fluorescent substance is not bonded to the detection target
particles. Furthermore, as can be noted from the liquid droplet designated by reference numeral 302, if the fluorescent
substance existing in the liquid droplet is specifically bonded to the detection target particles to be detected, the volume
density of the fluorescent substance increases. Thus, the fluorescence intensity grows higher as compared with a case
where the fluorescent substance is not bonded to the detection target particles. In the liquid droplet designated by
reference numeral 302 in FIG. 6, a portion of the liquid droplet 302 designated by reference numeral 303 indicates the
portion containing the fluorescent substance not bonded to the detection target particles. Another portion of the liquid
droplet 302 designated by reference numeral 304 indicates the portion containing the fluorescent substance bonded to
the detection target particles.
[0065] As illustrated in FIG. 6, if the diameter of the liquid droplet is relatively large, there may be a case where, due
to the fluorescent light emitted from the fluorescent substance not bonded to the detection target particles to be detected,
it is not possible to distinguish the difference between the fluorescence intensity of the liquid droplet designated by
reference numeral 301 and the fluorescence intensity of the liquid droplet designated by reference numeral 302. In other
words, there may be a case where the fluorescence intensities of the whole droplets are equal to each other, which
makes it difficult to measure the difference in the fluorescence intensity. In this case, it is not possible to detect the
detection target particles to be detected.
[0066] Thus, according to the present embodiment, the droplets having a diameter smaller than a predetermined value
are sorted by the droplet sorting part 14. For that reason, even if an unreacted fluorescent substance is not removed
from the liquid prior to forming the droplets, it is possible to accurately measure the fluorescent light emitted from the
fluorescent substance bonded to the detection target particles. The improvement of the measurement accuracy improves
the detection accuracy of the detection target particles. Furthermore, it is possible to detect the detection target particles
in real time. For example, it is possible to accurately detect viruses or bacteria in real time.
[0067] In the related art, there is a problem in that the fluorescent light emitted from the unreacted fluorescent substance
is measured as mentioned above so that the measurement accuracy is poor. Under the circumstances a method of
measuring the fluorescence intensity of droplets after separating an unreacted fluorescent substance from a liquid prior
to forming droplets has been considered. However, this method is time-consuming and has a difficulty in continuously
measuring the fluorescence intensity. In contrast, according to the present embodiment, even if an unreacted fluorescent
substance is not removed from a liquid prior to forming droplets, it is possible to continuously and easily measure the
fluorescence intensity.
[0068] On the other hand, in the fluorescence correlation spectroscopy, by focusing the laser, it is possible to reduce
the volume of a liquid to be measured from femtoliters (fL) up to sub-femtoliters (fL). In a system using the fluorescence
correlation spectroscopy, if the volume of the liquid to be measured is reduced from femtoliters (fL) up to sub-femtoliters
(fL), even when an unreacted fluorescent substance is not removed, it is possible to measure the detection target particles
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to be detected.
[0069] In view of this, it is preferred that the droplet sorting part 14 reduces the diameter of the droplets to be measured
by the measurement part 15. Specifically, it is desirable for the droplet sorting part 14 to sort the droplets so that 50%
or more of the droplets have a diameter of 20 mm or less. In this case, even when an unreacted fluorescent substance
is not removed, it is possible for the measurement part 15 to accurately measure the detection target particles to be
detected.
[0070] FIG. 7 is a view illustrating the fluorescence intensity in the case where the diameter of the droplets is relatively
small. In an example illustrated in FIG. 7, there are illustrated, by way of example, a case where a liquid droplet designated
by reference numeral 311 does not contain a fluorescent substance bonded to the detection target particles to be detected
and a case where a liquid droplet designated by reference numeral 312 contains a fluorescent substance bonded to the
detection target particles in the portion designated by reference numeral 313. In addition, there is illustrated, by way of
example, a case where a fluorescent substance not bonded to the detection target particles exists in the portion of the
liquid droplet 312 designated by reference numeral 314.
[0071] As can be noted from the liquid droplet designated by reference numeral 311 and the liquid droplet designated
by reference numeral 312 in FIG. 7, if the diameter of the droplets is reduced, the difference between the fluorescence
intensity of the droplets containing the detection target particles and the fluorescence intensity of the droplets not con-
taining the detection target particles grows larger. This makes it possible to accurately detect the detection target particles
to be detected.
[0072] It is difficult to further reduce the diameter of the laser. In the fluorescence correlation spectroscopy, it is difficult
to make the volume of the liquid to be measured smaller than sub-femtoliters. Similarly, in the measurement part 15, it
is difficult to reduce the diameter of the light irradiated by the light-emitting part 51. In other words, there is a limit in
reducing the amount of the liquid measured at a time by reducing the diameter of the laser.
[0073] In contrast, according to the present embodiment, even if the diameter of the laser is not reduced, it is possible
to reduce the volume of the liquid measured at a time and to enhance the measurement sensitivity by reducing the
diameter of the droplets sorted by the droplet sorting part 14. Furthermore, it is possible to use a low-priced laser without
having to use a special laser. Since a configuration for reducing the diameter of the laser is not needed, it is possible to
simplify a device configuration.
[0074] Next, an operation of the present embodiment configured as above (a measurement method according to one
embodiment of the present disclosure) will be described.
[0075] First, as illustrated in FIG. 1, a gas (e.g., an air) is drawn into the main pipe 18 via the dust removal part 11 by
the suction pump 17. Thus, a gas flow sequentially flowing through the droplet forming part 13, the droplet sorting part
14, the measurement part 15 and the liquid recovery part 16 is formed and is exhausted via the suction pump 17 and
the filter (not shown).
[0076] In addition, with the operation of the suction-exhaust pump 24a of the capturing part 12, a gas (e.g., an air) is
drawn into the gas introduction part 22 of the capturing part 12 via the coarse-dust removal part 19 and is introduced
from the gas introduction part 22 into the cyclone body 21. Moreover, a liquid containing a fluorescent substance is
introduced from the liquid introduction part 23 into the cyclone body 21.
[0077] The gas introduced from the gas introduction part 22 into the cyclone body 21 is guided along the wall surface
of the cyclone body 21 and is swirled in the circumferential direction, thereby forming a spiral gas flow within the cyclone
body 21. The liquid introduced from the liquid introduction part 23 into the cyclone body 21 is biased radially outward by
the spiral gas flow and is formed into a film shape along the wall surface of the cyclone body 21.
[0078] The detection target particles contained in the gas are separated toward the wall surface of the cyclone body
21 under a centrifugal force and are captured in the liquid formed into a film shape. The fluorescent substance contained
in the liquid is specifically bonded to the detection target particles thus captured.
[0079] The liquid that has captured the detection target particles on the wall surface of the cyclone body 21 gradually
flows downward using gravity. Then, with the operation of the liquid feeding pump 27, the liquid is continuously supplied
from the lower side of the cyclone body 21 toward the droplet forming part 13 via the liquid supply pipe 26.
[0080] In the droplet forming part 13, the liquid supplied from the capturing part 12 is drawn out from the end portion
of the liquid supply pipe 26 by the high-velocity gas flow passing through the throttle portion 18a of the main pipe 18 so
that aerosol-like droplets are formed. The aerosol-like droplets thus formed are carried by the gas flow in the main pipe
18 and are supplied to the droplet sorting part 14.
[0081] As illustrated in FIG. 4, in the droplet sorting part 14, the gas flow containing the droplets supplied from the
droplet forming part 13 is guided along the cylindrical inner surface of the central chamber body 14a and is swirled in
the circumferential direction. At this time, the droplets having a diameter equal to or larger than a predetermined value,
which are contained in the gas flow, are separated toward the inner surface of the central chamber body 14a under a
centrifugal force. The droplets impinge against and adhere to the inner surface. On the other hand, the droplets having
a diameter smaller than the predetermined value are moved upward while swirling in the circumferential direction together
with the gas flow and are supplied from the upper side of the upper chamber body 14b toward the measurement part 15.
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[0082] As illustrated in FIG. 5, the measurement part 15 irradiates light onto the droplets sorted by the droplet sorting
part 14 and measures the fluorescence intensity of the droplets irradiated by the light. Specifically, the light is irradiated
onto the droplets guided through the main pipe 18 and the fluorescence intensity is measured. Thereafter, for example,
the measurement part 15 compares the measured fluorescence intensity with a threshold value to determine whether
the detection target particles are contained in the inspection target gas. In other words, the measurement part 15 detects
the detection target particles from the inspection target gas.
[0083] For example, in the measurement part 15, the light-emitting part 51 irradiates ultraviolet laser light into the case
body 56 through which the droplets pass. Thus, the fluorescent substance existing in the droplets is excited by the
ultraviolet laser light to emit fluorescent light. Thereafter, the ultraviolet laser light is blocked by the optical filter 53. Light
having a fluorescence wavelength is selectively detected by the light-receiving part 54. The intensity of the light detected
by the light-receiving part 54 is proportional to the volume density of the fluorescent substance existing in the droplets
formed by the droplet forming part 13.
[0084] If the detection target particles exist in the droplets formed by the droplet forming part 13, the intensity of the
light detected by the light-receiving part 54 becomes larger than the threshold value Is. Thus, an alarm of detection of
the detection target particles is generated by the light reception output measuring part 55.
[0085] Furthermore, if the detection target particles do not exist in the droplets formed by the droplet forming part 13,
even when fine dust existing in the air gets into the droplets formed by the droplet forming part 13 and the fluorescent
substance adheres to the dust, the density of the fluorescent substance is much smaller than the density of the fluorescent
substance bonded to the detection target particles. Thus, the light reception intensity detected by the light receiving part
54 is smaller than the predetermined threshold value Is.
[0086] The droplets passed through the measurement part 15 are separated into a gas and a liquid by the liquid
recovery part 16 where the liquid is recovered. On the other hand, the gas is exhausted outside the measurement device
10 by the suction pump 17 installed at the downstream side of the liquid recovery part 16.
[0087] Next, specific examples will be described.
[0088] In a first example of the present embodiment, aerosol-like droplets were formed by the droplet forming part 13
while supplying, at a flow rate of 0.1 ml/hr, a liquid obtained by 53105 times diluting a reagent which contains detection
target particles (antigens) and antibodies labeled with fluorescent dye PE-Cy5 (the concentration of the detection target
particles in the liquid: 33107 pieces /ml = 0.002 ng/ml). The droplets having a diameter smaller than a predetermined
value were sorted by the droplet sorting part 14. Thereafter, the fluorescence intensity of the droplets was measured by
the measurement part 15 in terms of the number of photons detected by the light-receiving part 54 for a gate time of 5
ms. The measurement result of the first example is indicated by rhombic dots in FIG. 8. In FIG. 8, the horizontal axis
indicates the number of photons detected by the light-receiving part 54 for the gate time of 5 ms, namely the fluorescence
intensity of the droplets. The vertical axis indicates the average value of five-times-repeated measurement results of the
number of detection times (detection frequency) of the droplets emitting the fluorescent light of such fluorescence
intensity, for a period of time of 5 minutes.
[0089] In a first comparative example, the fluorescence intensity of droplets was measured in the same method as
the first example except that a liquid not containing detection target particles and containing only fluorescence-labeled
antibodies is supplied to the droplet forming part 13. The measurement result of the first comparative example is indicated
by square dots in FIG. 8.
[0090] As illustrated in FIG. 8, the measurement result of the first example is distinguishable from the measurement
result of the first comparative example. That is to say, it was confirmed that the detection target particles can be detected
at high sensitivity in the present embodiment. Particularly, in the first example, the detection sensitivity of 0.002 ng/ml
was achieved. The detection sensitivity is significantly higher than the standard sensitivity (0.5 ng/ml to 10 ng/ml) available
when noroviruses are detected using the current EIA method or the immune-chromatography method.
[0091] Next, in a second example of the present embodiment, the fluorescence intensity of droplets was measured
in the same method as the first example except that a liquid obtained by 53103 times diluting the reagent used in the
first example (the concentration of the detection target particles in the liquid: 0.2 ng/ml) is supplied to the droplet forming
part 13.
[0092] Furthermore, in a second comparative example, the fluorescence intensity of droplets was measured in the
same method as the second example except that aerosol-like droplets formed by the droplet forming part 13 are directly
supplied to the measurement part 15 without using the droplet sorting part 14.
[0093] The measurement result of the second example and the measurement result of the second comparative example
are overlappingly illustrated in FIG. 9. In FIG. 9, the round mark dots indicate the measurement result of the second
example. The 3 mark dots indicate the measurement result of the second comparative example.
[0094] As illustrated in FIG. 9, in the measurement result of the second example using the droplet sorting part 14, as
compared with the measurement result of the second comparative example not using the droplet sorting part 14, the
detection frequency of the relatively large droplets corresponding to the number of photons of 60 or more is significantly
reduced. However, the detection frequency of the relatively small droplets corresponding to the number of photons of



EP 3 150 994 A1

11

5

10

15

20

25

30

35

40

45

50

55

less than 60 is not reduced. That is to say, it can be noted that the relatively small droplets corresponding to the number
of photons of less than 60 are sorted. In other words, it was confirmed that, by using the droplet sorting part 14, it is
possible to effectively sort the droplets having a relatively small diameter.
[0095] According to the present embodiment described above, in the capturing part 12, the inspection target gas is
introduced into the cyclone 20. Thus, as compared with a method in which the inspection target gas is introduced into
a fluid chip having a micro-size as described in Patent Document 1, it is possible to significantly increase the gas
introduction amount per unit time. Furthermore, the liquid introduced into the cyclone 20 is formed into a film shape
along the wall surface of the cyclone body 21. Thus, the contact area of the liquid with respect to the inspection target
gas increases. Moreover, the detection target particles existing in the gas are separated toward the wall surface of the
cyclone body 21 under a centrifugal force. Thus, it is possible to effectively bring the detection target particles into contact
with the liquid. Owing to these actions, it is possible to significantly enhance the capturing efficiency of the detection
target particles of the gas in the liquid and to significantly improve the detection accuracy of the detection target particles.
[0096] Furthermore, according to the present embodiment, in the cyclone 20, the liquid formed into a film shape is not
only fed by the liquid feeding pump 27 but also continuously evaporated by a swirling gas. However, the introduction
amount of the liquid is adjusted based on the detection result of the level detection part 25. It is therefore possible to
prevent the level of the liquid from being lowered. That is to say, it is possible to prevent the contact area of the liquid
with respect to the inspection target gas from being reduced. Accordingly, it is possible to prevent reduction of the
capturing efficiency of the detection target particles and to prevent reduction of the detection accuracy.
[0097] Furthermore, according to the present embodiment, the suction-exhaust part 24 configured to suction-exhaust
and depressurize the interior of the cyclone 20 and configured to introduce the gas from the gas introduction part of the
cyclone 20 under a differential pressure so as to swirl in the circumferential direction, is installed in the upper portion of
the cyclone 20. It is therefore possible to swirl the gas with a simple structure.
[0098] Furthermore, according to the present embodiment, the droplets having a diameter smaller than a predetermined
value are sorted by the droplet sorting part 14. Thus, the difference between the fluorescence intensity of the droplets
containing the detection target particles and the fluorescence intensity of the droplets not containing the detection target
particles grows larger. It is therefore possible to significantly improve the detection accuracy of the detection target
particles.
[0099] Furthermore, in the first embodiment, as illustrated in FIG. 1, the gas which forms the gas flow in the main pipe
18 and the gas which makes contact with the liquid in the capturing part 12 are supplied from mutually-different systems
through the dust removal part 11 or the coarse-dust removal part 19. However, the present disclosure is not limited
thereto. A branch pipe branched from the main pipe 18 at a position between the dust removal part 11 and the droplet
forming part 13 may be gas-tightly connected to the gas introduction part 22 of the capturing part 12. A gas may be
supplied to the capturing part 12 from the same system as the supply system of the gas which forms the gas flow in the
main pipe 18. In the case where the gas is supplied to the capturing part 12 from a pipe differing from the main pipe 18
as illustrated in FIG. 1, a clean gas (e.g., an inert gas such as a nitrogen gas or the like) may be supplied to the main pipe 18.
[0100] Furthermore, in the first embodiment, the gas which makes contact with the liquid in the capturing part 12 may
be ambient air or may be the breath of a human. In the case where the breath of a human is used, for example, one
end of the pipe connected to the gas introduction part 22 may be expanded in a trumpet-like shape and the breath of a
human may be introduced by bringing a mouth close to a portion expanded in a trumpet-like shape.
[0101] Furthermore, in the first embodiment, as illustrated in FIG. 1, the liquid introduction part 23 is configured to
introduce the liquid containing the fluorescent substance into the cyclone body 21. However, the present disclosure is
not limited thereto. As illustrated in FIG. 10, a second liquid introduction part 41 configured to merge the liquid containing
the fluorescent substance with the liquid flowing through the liquid supply pipe 26 may be connected to the liquid supply
pipe 26 which interconnects the lower portion of the cyclone 20 and the droplet forming part 13 (a second embodiment).
In this case, for example, the liquid introduction part 23 may introduce water into the cyclone body 21.
[0102] In the illustrated example, the second liquid introduction part 41 includes a syringe pump which accommodates
a liquid containing a fluorescent substance. The tip of the syringe pump is gas-tightly connected to the liquid supply pipe
26. If the interior of the syringe pump is pressurized by a piston, the liquid containing the fluorescent substance is merged
with the liquid flowing through the liquid supply pipe 26.
[0103] In the case where the second liquid introduction part 41 is installed in the liquid supply pipe 26 as described
above, the liquid introduction part 23 installed in the cyclone 20 may be configured to introduce the liquid for pretreating
the detection target particles into the cyclone body 21. The pretreatment refers to, for example, a destruction process
of outer membranes of the detection target particles, a surface wax removal process, or the like.
[0104] Specifically, for example, in the case of using a fluorescent substance specifically bonded to the internal struc-
tures of the detection target particles, a liquid (e.g., an alkali liquid or a liquid having a low osmotic pressure) which
destroys the outer membrane structures of the detection target particles (e.g., cell membranes of bacteria) and exposes
the internal structures to the liquid is introduced from the liquid introduction part 23 into the cyclone body 21. It is therefore
possible to detect the detection target particles by allowing the fluorescent substance of the liquid merged from the
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second liquid introduction part 41 in the liquid supply pipe 26 to be bonded to the internal structures of the detection
target particles.
[0105] Furthermore, in the first embodiment, in order to form a gas flow swirling in the circumferential direction within
the cyclone body 21, as illustrated in FIG. 1, the suction-exhaust part 24 is installed above the cyclone 20. However,
the present disclosure is not limited thereto. As illustrated in FIG. 11, a swirling part 44 configured to swirl the gas
introduced from the gas introduction part 22 of the cyclone 20 in the circumferential direction may be installed within the
cyclone 20 (a third embodiment).
[0106] In the illustrated example, the swirling part 44 includes an impeller (propeller) 42 axially disposed within the
cyclone body 21, and a rotational drive part 43 (e.g., a motor) configured to supply rotational drive power to the impeller
42. An exhaust hole 45 is coaxially formed in the upper portion of the cyclone body 21. A rotary shaft of the rotational
drive part 43 is connected to the impeller 42 through the exhaust hole 45.
[0107] If the impeller 42 is rotated by the rotational drive power supplied from the rotational drive part 43, the gas
existing within the cyclone body 21 is biased and pressed by blades of the impeller 42 so as to swirl in the circumferential
direction, whereby a spiral gas flow is formed within the cyclone body 21. At this time, the detection target particles
existing in the gas are separated toward the wall surface of the cyclone body 21 under a centrifugal force because the
detection target particles have a relatively large specific gravity. On the other hand, the flow of a gas component having
a relatively-small specific gravity is reversed in the lower portion of the cyclone body 21 due to the frusto-conical shape
of the wall surface of the cyclone body 21, thereby forming an upward flow at the side of a center axis of the cyclone
body 21. Then, the gas component having a relatively-small specific gravity is discharged outside through the exhaust
hole 45.
[0108] The liquid introduced from the liquid introduction part 23 into the cyclone body 21 is biased radially outward by
the spiral gas flow and is formed into a film shape. Then, the detection target particles separated toward the wall surface
of the cyclone body 21 under a centrifugal force are captured in the liquid formed into a film shape.
[0109] According to the third embodiment described above, the interior of the cyclone body 21 has a positive pressure.
Thus, it is easy to feed the liquid from the cyclone body 21 to the droplet forming part 13 and it is possible to omit the
liquid feeding pump 27. In addition, according to this embodiment, the mechanism for swirling the gas is installed within
the cyclone 20. This makes it easy to reduce the size of the cyclone 20.
[0110] Furthermore, in the first embodiment, as illustrated in FIG. 1, the gas introduction part 22 of the cyclone 20
makes direct contact with the coarse-dust removal part 19 in the capturing part 12. However, the present disclosure is
not limited thereto. As illustrated in FIG. 12, the capturing part 12 may include a second cyclone 60 including a second
cyclone body 61 and a second gas introduction part 62 for introducing a gas into the second cyclone body 61. The gas
introduction part 22 of the cyclone 20 may be connected to the coarse-dust removal part 19 via the second cyclone 60
(a fourth embodiment).
[0111] In the illustrated example, the second cyclone body 61 includes a frusto-conical inner surface (hereinafter
referred to as a "wall surface") and is oriented so that a small-diameter-side end portion is positioned below a large-
diameter-side end portion.
[0112] The second gas introduction part 62 is installed in an upper portion of the second cyclone body 61 so as to
extend in a tangential direction of the wall surface of the second cyclone body 61 and is gas-tightly connected to the
coarse-dust removal part 19. The gas introduced from the coarse-dust removal part 19 into the second cyclone body
61 through the second gas introduction part 62 is guided along the wall surface of the second cyclone body 61 so that
the gas swirls in the circumferential direction.
[0113] Above the second cyclone body 61, there is installed a second suction-exhaust part 64 configured to suction-
exhaust and depressurize an interior of the second cyclone body 61 and configured to introduce the gas from the second
gas introduction part 62 under a differential pressure so as to swirl in the circumferential direction.
[0114] The second suction-exhaust part 64 includes a second suction-exhaust pipe 64b coaxially inserted into the
upper portion of the second cyclone body 61 and a second suction-exhaust pump 64a installed in the second suction-
exhaust pipe 64b.
[0115] If the second suction-exhaust pump 64a is operated, the interior of the second cyclone body 61 is suction-
exhausted and depressurized through the second suction-exhaust pipe 64b. Under the differential pressure between
the interior and exterior of the second cyclone body 61, the gas existing outside the second cyclone body 61 is drawn
from the second gas introduction part 62 into the second cyclone body 61 via the coarse-dust removal part 19. Then,
the gas introduced into the second cyclone body 61 is guided along the wall surface of the second cyclone body 61 and
is moved downward while swirling in the circumferential direction. That is to say, the gas forms a gas flow swirling in a
spiral shape. At this time, the detection target particles existing in the gas are separated toward the wall surface of the
second cyclone body 61 under a centrifugal force because the detection target particles have a relatively large specific
gravity. The detection target particles impinge against the wall surface and fall down. On the other hand, the flow of a
gas component having a relatively-small specific gravity is reversed in the lower portion of the second cyclone body 61
due to the frusto-conical shape of the wall surface of the second cyclone body 61, thereby forming an upward flow at
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the side of a center axis of the second cyclone body 61. Then, the gas component having a relatively-small specific
gravity is discharged outside through the second suction-exhaust pipe 64b.
[0116] A lower portion of the second cyclone body 61 is gas-tightly connected to the gas introduction part 22 of the
cyclone 20. The detection target particles falling down by impinging against the wall surface of the second cyclone body
61 are continuously supplied from the lower side of the second cyclone body 61 toward the gas introduction part 22 of
the cyclone 20.
[0117] Specific examples according to the fourth embodiment will now be described.
[0118] In a third example of the fourth embodiment, while supplying a sampling gas containing particles of 180 nm in
diameter that are generated by a particle generator to the second gas introduction part 62 of the second cyclone 60, the
interior of the second cyclone body 61 was suction-exhausted at a flow rate of 600 SLM by the second suction-exhaust
pump 64b, whereby a gas flow swirling in the circumferential direction was formed within the second cyclone body 61.
Then, the concentration of the particles in the gas passing through the second gas introduction part 62 and the concen-
tration of the particles in the gas supplied from the lower portion of the second cyclone body 61 toward the gas introduction
part 22 of the cyclone 20 were respectively measured by a particle concentration measuring instrument.
[0119] Furthermore, in a fourth example of the fourth embodiment, the concentration of the particles in the gas passing
through the second gas introduction part 62 and the concentration of the particles in the gas supplied from the lower
portion of the second cyclone body 61 toward the gas introduction part 22 of the cyclone 20 were respectively measured
by the same method as the third example except that the amount of the suction-exhaust performed by the second
suction-exhaust pump 64b is changed to 900 SLM.
[0120] Moreover, in a fifth example of the fourth embodiment, the concentration of the particles in the gas passing
through the second gas introduction part 62 and the concentration of the particles in the gas supplied from the lower
portion of the second cyclone body 61 toward the gas introduction part 22 of the cyclone 20 were respectively measured
by the same method as the third example except that the amount of the suction-exhaust performed by the second
suction-exhaust pump 64b is changed to 1200 SLM.
[0121] The measurement results of the third example, the fourth example and the fifth example are collectively shown
in Table 1 below.

[0122] As shown in Table 1, in any measurement result of the third example, the fourth example and the fifth example,
the concentration of the particles in the gas supplied from the lower portion of the second cyclone body 61 toward the
gas introduction part 22 of the cyclone 20 is larger than the concentration of the particles in the gas passing through the
second gas introduction part 62. An effect that the particles are enriched by the second cyclone 60 was confirmed.
Particularly, in the fifth example, it was confirmed that the concentration of the particles can be enriched 20 times.
[0123] As described above, according to the fourth embodiment, the gas containing the detection target particles
enriched by the second cyclone 60 is supplied to the cyclone 20. Thus, the capturing efficiency of the detection target
particles is further enhanced and the detection accuracy of the detection target particles is further improved.
[0124] FIG. 14 is a schematic view illustrating the configuration of a droplet sorting part 14’ of a measurement device
according to a fifth embodiment of the present embodiment. Configurations of the measurement device according to the
fifth embodiment other than the droplet sorting part 14’ are substantially the same as the configurations of the measure-
ment device according to the first embodiment. Thus, detailed descriptions thereof will be omitted.
[0125] As illustrated in FIG. 14, the droplet sorting part 14’ is a chamber (inertia branch type spray chamber) configured
to divide the gas flow into a gas flow containing large droplets and a gas flow containing small droplets using an inertial
force. The droplet sorting part 14’ includes a first flow path 141 connected to the downstream side of the main pipe 18
so as to be curved in a predetermined curvature with respect to the main pipe 18, and a second flow path 142 having
a diameter smaller than the diameter of the first flow path 141 and connected to the downstream side of the main pipe
18 so as to extend parallel to the main pipe 18. The conductance of the first flow path 141 is larger than the conductance
of the second flow path 142.
[0126] In the droplet sorting part 14’ configured as above, the gas flow flowing through the main pipe 18 is guided
along the first flow path 141 having a large conductance and is caused to swirl. At this time, the droplets having a diameter

[Table 1]

Third example Fourth example Fifth example

Suction-exhaust amount 600 SLM 900 SLM 1200 SLM

Particle concentration in sampling gas (#/cc) 1792 1195 896

Enriched gas concentration (#/cc) 7403 12253 19354

Enrichment degree (times) 4.1 10.3 21.6
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equal to or larger than a predetermined value, which are contained in the gas flow, are discharged outside through the
second flow path 142 due to the inertial force thereof without following the swirling of the gas flow. Thus, the droplets
having a diameter equal to or larger than a predetermined value are removed from the gas flow. The droplets having a
diameter smaller than the predetermined value are carried by the gas flow and are supplied to the measurement part
15 while swirling the first flow path 141.
[0127] According to the fifth embodiment described above, the droplet sorting part 14’ removes the droplets having a
diameter equal to or larger than a predetermined value without causing the droplets to impinge against the inner surface
of the chamber. It is therefore possible to suppress adhesion of the liquid to the inner surface of the chamber and
contamination of the inner surface of the chamber. Thus, it is easy to perform maintenance of the measurement device.
[0128] FIG. 15 is a schematic view illustrating the configuration of a measurement part 15’of a measurement device
according to a sixth embodiment of the present disclosure. Configurations of the measurement device according to the
sixth embodiment other than the measurement part 15’ are substantially the same as the configurations of the meas-
urement device according to the first embodiment. Thus, detailed descriptions thereof will be omitted.
[0129] As illustrated in FIG. 15, the measurement part 15’ includes first and second optical filters 58 and 59, and first
to third light-receiving parts 54a, 54b and 57 in place of the optical filter 53 and the light-receiving part 54 of the meas-
urement part 15 illustrated in FIG. 4. Referring to FIG. 15, two light transmission windows 52a and 52b are disposed so
as to make an angle of 90 degrees with each other (for example, the light transmission window 52a is disposed on a
lateral side and the light transmission window 52b is disposed on a bottom side). Thus, the light emitted from the light-
emitting part 51 and passed through the light transmission window 52a is not directly incident onto the light transmission
window 52b.
[0130] The first optical filter 58 is installed outside the light transmission window 52b at a 45 degree-inclined orientation.
The first optical filter 58 is configured to reflect the fluorescent light emitted from the fluorescent substance and to transmit
the light (namely, the scattered light coming from the droplets) having a wavelength differing from the wavelength of the
fluorescent light emitted from the fluorescent substance. The third light-receiving part 57 is disposed at the opposite side
of the first optical filter 58 from the light transmission window 52b. The third light-receiving part 57 is configured to receive
the light transmitted through the first optical filter 58 and to convert the light to an electrical signal.
[0131] Furthermore, the second optical filter 59 is installed at the right side of the first optical filter 58 in FIG. 15 at a
45 degree-inclined orientation. The second optical filter 59 is configured to transmit the light of a first wavelength range
reflected by the first optical filter 58 and to reflect the light of a second wavelength range differing from the first wavelength
range. The first light-receiving part 54a is disposed at the right side of the second optical filter 59 in FIG. 15. The first
light-receiving part 54a is configured to receive the light transmitted through the second optical filter 59 and to convert
the light to an electrical signal. Furthermore, the second light-receiving part 54b is disposed at the lower side of the
second optical filter 59 in FIG. 15. The second light-receiving part 54b is configured to receive the light reflected by the
second optical filter 59 and to convert the light to an electrical signal.
[0132] The first to third light-receiving parts 54a, 54b and 57 are, for example, photomultiplier tubes and are configured
to output, for example, an electric current of a signal level corresponding to the light reception intensity, to the light
reception output measuring part 55.
[0133] According to the sixth embodiment described above, a first fluorescent substance which emits fluorescent light
of a first wavelength range and a second fluorescent substance which emits fluorescent light of a second wavelength
range are bonded to detection target particles of the same kind (e.g., noroviruses). In this state, the fluorescence intensity
of the droplets is detected in the first wavelength range and the second wavelength range. This makes it possible to
accurately detect (double-check) the detection target particles.
[0134] Furthermore, a first fluorescent substance which emits fluorescent light of a first wavelength range is bonded
to first detection target particles (e.g., noroviruses) and a second fluorescent substance which emits fluorescent light of
a second wavelength range is bonded to second detection target particles (e.g., influenza viruses). In this state, the
fluorescence intensity of the droplets is detected in the first wavelength range and the second wavelength range. This
makes it possible to simultaneously detect two kinds of detection target particles.
[0135] Furthermore, by detecting the intensity of the light (namely, the scattered light coming from the droplets) having
a wavelength differing from the wavelength of the fluorescent light emitted from the fluorescent substance, it is possible
to make a debris determination. Additional descriptions will be made on the debris determination. There may be a case
where the wavelength of auto fluorescent light emitted from so-called debris such as clothing scraps or the like overlaps
with the wavelength of the fluorescent light emitted from the fluorescent substance. In this case, it is sometimes the case
that the auto fluorescent light of the debris is detected by the first light-receiving part 54a and/or the second light-receiving
part 54b. However, the debris is relatively large and the scattered light is also large. Thus, the large scattered light may
well be detected by the third light-receiving part 57. Accordingly, when the fluorescent light is detected by the first light-
receiving part 54a and/or the second light-receiving part 54b and the large scattered light is detected by the third light-
receiving part 57, it is determined that the debris exists. This makes it possible to reduce noise attributable to the auto
fluorescent light of the debris and to further improve the detection accuracy of the detection target particles.
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[0136] While in the present embodiment, the fluorescence intensity has been described to be measured in two different
wavelength ranges (the first wavelength range and the second wavelength range), the fluorescence intensity may be
measured in three or more different wavelength ranges.

EXPLANATION OF REFERENCE NUMERALS

[0137] 10: measurement device, 11: dust removal part, 12: capturing part, 13: droplet forming part, 14: droplet sorting
part, 14’: droplet sorting part, 14a: central chamber body, 14b: upper chamber body, 14c: lower chamber body, 141: first
flow path, 142: second flow path, 15: measurement part, 15’: measurement part, 16: liquid recovery part, 17: suction
pump, 18: main pipe, 18a: throttle portion, 19: coarse-dust removal part, 20: cyclone, 21: cyclone body, 22: gas introduction
part, 23: liquid introduction part, 23a: tank, 23b: liquid introduction pipe, 23c: flow rate control part, 24: suction-exhaust
part, 24a: suction-exhaust pump, 24b: suction-exhaust pipe, 25: level detection part, 26: liquid supply pipe, 27: liquid
feeding pump, 41: second liquid introduction part, 42: impeller (propeller), 43: rotational drive part, 44: swirling part, 45:
exhaust hole, 46: heating mechanism, 51: light-emitting part, 52a: light transmission window, 52b: light transmission
window, 53: optical filter, 54: light-receiving part, 54a: first light-receiving part, 54b: second light-receiving part, 55: light
reception output measuring part, 56: case body, 57: third light-receiving part, 58: first optical filter, 59: second optical
filter, 60: second cyclone, 61: second cyclone body, 62: second gas introduction part, 64: second suction-exhaust part,
64a: second suction-exhaust pump, 64b: second suction-exhaust pipe, 301: droplet, 302: droplet, 303: portion containing
fluorescent substance not bonded to detection target particle, 304: portion containing fluorescent substance bonded to
detection target particle, 311: droplet, 312: droplet, 313: portion containing fluorescent substance bonded to detection
target particle, 314: portion containing fluorescent substance not bonded to detection target particle

Claims

1. A measurement device, comprising:

a capturing part configured to cause a liquid to capture detection target particles contained in a gas and configured
to cause a fluorescent substance, which is specifically bondable to the detection target particles, to be bonded
to the detection target particles existing in the liquid;
a droplet forming part configured to form aerosol-like droplets from the liquid supplied from the capturing part; and
a measurement part configured to irradiate light onto the droplets and configured to measure the fluorescence
intensity of the droplets,
wherein the capturing part includes a cyclone provided with a gas introduction part, a liquid introduction part
and a cyclone body, the cyclone configured to swirl the gas introduced from the gas introduction part in a
circumferential direction of the cyclone body, separate the detection target particles existing in the gas toward
a wall surface of the cyclone body under a centrifugal force, introduce the liquid from the liquid introduction part,
cause the liquid to capture the detection target particles separated toward the wall surface of the cyclone body,
and continuously supply the liquid to the droplet forming part.

2. The device of Claim 1, wherein the cyclone further includes a level detection part configured to detect a level of the
liquid introduced into the cyclone body, the cyclone configured to adjust a flow rate of the liquid introduced from the
liquid introduction part based on a detection result of the level detection part.

3. The device of Claim 1 or 2, wherein the liquid introduction part is configured to introduce the liquid containing the
fluorescent substance into the cyclone body.

4. The device of Claim 1 or 2, further comprising a second liquid introduction part configured to merge the liquid
containing the fluorescent substance with the liquid flowing through a pipe for interconnecting a lower portion of the
cyclone body and the droplet forming part is connected to the pipe.

5. The device of Claim 4, wherein the liquid introduction part is configured to introduce a liquid for pretreating the
detection target particles into the cyclone body.

6. The device of any one of Claims 1 to 5, wherein the capturing part further includes a second cyclone provided with
a second gas introduction part and a second cyclone body, the second cyclone configured to swirl a gas introduced
from the second gas introduction part in a circumferential direction of the second cyclone body, separate detection
target particles existing in the gas toward a wall surface of the second cyclone body under a centrifugal force, and
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continuously supply the detection target particles to the gas introduction part of the cyclone.

7. The device of any one of Claims 1 to 6, further comprising a suction-exhaust part installed in the cyclone and
configured to suction-exhaust and depressurize an interior of the cyclone body and configured to introduce the gas
from the gas introduction part under a differential pressure so as to swirl in the circumferential direction.

8. The device of any one of Claims 1 to 6, further comprising a swirling part installed within the cyclone body and
configured to swirl the gas introduced from the gas introduction part in the circumferential direction.

9. The device of any one of Claims 1 to 8, further comprising a heating mechanism installed in the capturing part and
configured to heat the liquid.

10. The device of any one of Claims 1 to 8, further comprising a cooling mechanism installed in the capturing part and
configured to cool the liquid.

11. The device of any one of Claims 1 to 10, wherein the measurement part is configured to measure the fluorescence
intensity of the droplets in two or more kinds of different wavelength ranges.

12. The device of any one of Claims 1 to 11, wherein the measurement part is configured to measure the fluorescence
intensity of the droplets and the scattered light intensity of the droplets.

13. The device of any one of Claims 1 to 12, wherein the fluorescent substance is a fluorescence-labeled antibody.

14. The device of any one of Claims 1 to 12, wherein the fluorescent substance is an antibody agglomeration particle
whose surface is modified with a plurality of fluorescence-labeled antibodies.

15. A measurement method, comprising:

a capturing process of causing a liquid to capture detection target particles contained in a gas and causing a
fluorescent substance, which is specifically bondable to the detection target particles, to be bonded to the
detection target particles existing in the liquid;
a droplet forming process of forming aerosol-like droplets from the liquid supplied from the capturing process; and
a measurement process of irradiating light onto the droplets and measuring the fluorescence intensity of the
droplets,
wherein the capturing process includes a cyclone process of, by use of a cyclone provided with a gas introduction
part, a liquid introduction part and a cyclone body, swirling the gas introduced from the gas introduction part in
a circumferential direction of the cyclone body, separating the detection target particles existing in the gas
toward a wall surface of the cyclone body under a centrifugal force, introducing the liquid from the liquid intro-
duction part, causing the liquid to capture the detection target particles separated toward the wall surface of the
cyclone body, and continuously supplying the liquid to the droplet forming process.

16. The method of Claim 15, wherein the cyclone process includes detecting a level of the liquid introduced into the
cyclone body and adjusting a flow rate of the liquid introduced from the liquid introduction part on the detected result.

17. The method of Claim 15 or 16, wherein the fluorescent substance is a fluorescence-labeled antibody.

18. The method of Claim 15 or 16, wherein the fluorescent substance is an antibody agglomeration particle whose
surface is modified with a plurality of fluorescence-labeled antibodies.

19. A measurement device, comprising:

a gas introduction part configured to supply detection target particles contained in a gas;
a liquid introduction part configured to supply a liquid containing a fluorescent substance specifically bondable
to the detection target particles;
a cyclone body including a wall surface, the cyclone body configured to cause the fluorescent substance to be
bonded to the detection target particles by supplying the liquid supplied from the liquid introduction part so as
to form a liquid film along the wall surface and causing the detection target particles to be mixed with the liquid
while swirling the gas introduced from the gas introduction part in a circumferential direction and separating the
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gas and the detection target particles under a centrifugal force;
a droplet forming part configured to form aerosol-like droplets from the liquid supplied from the cyclone body; and
a measurement part configured to irradiate light onto the droplets and configured to measure the fluorescence
intensity of the droplets.
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