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A B S T R A C T   

The recent outbreak of COVID-19 has highlighted the seriousness of airborne diseases and the need for a proper 
pathogen detection system. Compared to the ample amount of research on biological detection, work on inte
grated devices for air monitoring is rare. In this work, we integrated a wet-cyclone air sampler and a DC 
impedance microfluidic cytometer to build a cyclone-cytometer integrated air monitor (CCAM). The wet-cyclone 
air sampler sucks the air and concentrates the bioaerosols into 10 mL of aqueous solvent. After 5 min of air 
sampling, the bioaerosol-containing solution was conveyed to the microfluidic cytometer for detection. The 
device was tested with aerosolized microbeads, dust, and Escherichia coli (E. coli). CCAM is shown to differentiate 
particles from 0.96 to 2.95 μm with high accuracy. The wet cyclone air-sampler showed a 28.04% sampling 
efficiency, and the DC impedance cytometer showed 87.68% detection efficiency, giving a total of 24.59% 
overall CCAM efficiency. After validation of the device performance, CCAM was used to detect bacterial aerosols 
and their viability without any separate pretreatment step. Differentiation of dust, live E. coli, and dead E. coli 
was successfully performed by the addition of BacLight bacterial viability reagent in the sampling solvent. The 
usage could be further extended to detection of specific species with proper antibody fluorescent label. A 
promising strategy for aerosol detection is proposed through the constructive integration of a DC impedance 
microfluidic cytometer and a wet-cyclone air sampler.   

1. Introduction 

The recent COVID-19 pandemic has struck globally and the world is 
still recovering from its impact. Pandemic has harassed mankind since 
the advent of civilization. Millions of people die at every incidence of 
pandemic and billions of dollars are spent on response and research. 
Finding a cure for a pandemic not only incurs massive costs but also 
requires years of research and clinical trials. Until a cure is found, 
minimizing the spread of pathogens with biosurveillance is the best 
approach against pandemics. Biosurveillance refers to the systematic 
monitoring of all data related to biological threats. This includes 
continually sampling air or environmental sources and testing them for 
biological agents (Kman and Bachmann, 2012; Minogue et al., 2019). 

The early detection of pathogens in air samples could be used to quar
antine people or places to prevent further spread of the diseases. 
Therefore, an effective detection method for bioaerosols, through which 
most airborne infections occur, is required (Kalogerakis et al., 2005; 
Nazaroff, 2016). Despite the ample amount of research on air sampling 
and biological detection methods, only a few have tried to integrate the 
methods to create bioaerosol detection platforms. Bioaerosol detection 
has not been standardized or established let alone applicable in the field 
(Caruana, 2011; Huffman et al., 2020). 

Bioaerosols are airborne collections of biological materials. They are 
first collected with an air sampler in a liquid state, and the collected 
liquid sample is then analyzed by microscopy, culture techniques, po
lymerase chain reaction (PCR), or enzyme-linked immunosorbent assays 
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(ELISA) (Huffman et al., 2020; Xu et al., 2011). However, these methods 
either require trained operators or take a prolonged period to obtain 
results, which makes it unsuitable for real-time monitoring (Choi et al., 
2014; Ghosh et al., 2015). For example, PCR, which is the basis for 
patient diagnosis of COVID-19, requires skilled personnel to work for 
hours to days to obtain the result (Morales-Narváez and Dincer, 2020). 
Complex experimental procedures also make it difficult to integrate 
these methods with air samplers. Fluorescence-activated cell sorting 
(FACS) is another widely used method for counting and detecting mi
croorganisms (Chen and Li, 2005; Lange et al., 1997; Prigione et al., 
2004). FACS is intrinsically adequate for real-time detection because it 
does not require an incubation period and retains sensitivity due to its 
particle-by-particle analysis principle. However, the high cost and 
bulkiness of the FACS device is problematic for its use as a bio
surveillance method (Joo et al., 2010). A breakthrough is being made 
with the introduction of microfluidics-based devices that are small, 
inexpensive, and easy to integrate with other operational components 
such as valves, pumps, mixers, and detectors (Ateya et al., 2008; Kim 
et al., 2009; McClain et al., 2001; Shrirao et al., 2018; Whitesides, 2006). 
Real-time bioaerosol detection was demonstrated through a 
micro-optofluidic platform, which was essentially a miniaturization of 
FACS device (Choi et al., 2015). 

This platform can be further improved by incorporating a DC 
impedance unit for particle sizing. Although an optical scatter signal is 
frequently used for particle sizing, its correlation with particle size is 
intrinsically non-monotonic (Liu and Daum, 2000; Stier and Quinten, 
1998). This makes it necessary to perform calibration using standard 
particles, which is still not accurate because of the differences in 
refractive indices of standard particles and target particles (Rosenberg 
et al., 2012). However, the peak magnitude of DC impedance is pro
portional to the volume of particles regardless of refractive indices 
(Hurley, 1970; Qin et al., 2011). The DC impedance detection unit offers 
more reliable particle size information than the optical scattering unit 
(Miller and Limes, 1988). It is also much smaller, cheaper, and requires a 
less complicated setup. The DC impedance detection unit has been 
successfully introduced for measuring particle size but has never tar
geted airborne particles as of yet (Choi et al., 2013; Chun et al., 2005; Fu 
et al., 2017; Guo et al., 2015a; Kim et al., 2009; Ren et al., 2016; Shrirao 
et al., 2018). 

In this work, we integrated the wet-cyclone air sampler and DC 
impedance microfluidic cytometer to develop an integrated system for 
detecting airborne bacteria without any pretreatment step. The cyclone 
air sampler is frequently used for its high collection efficiency, high flow 
rate, portability, and compatibility with quantification methods (Kim 
et al., 2018; Sung et al., 2017). A commercial wet cyclone (Coriolis μ) 
and DC impedance microfluidic cytometer are combined to construct an 
easy, simple, and accurate detection platform for bioaerosol detection. 
The collection efficiency and size measuring capability of the integrated 
device is verified. Then, we show that the proposed system can detect 
and differentiate mineral dust, live Escherichia coli (E. coli), and dead 
E. coli without any separate pretreatment step. 

2. Material and methods 

2.1. Bioaerosol generation and chambers 

E. coli BL21 was grown on a lysogeny broth (LB) (carbenicillin) plate 
for 14 h. A single colony was picked and incubated in 100 mL of LB 
(carbenicillin) medium at 37 ◦C and 250 rpm until the optical density at 
600 nm reached 0.6, as detected with a UV/Vis spectrophotometer 
(Biodrop DUO; U.K.). The resulting solution was redistributed into 50 
mL centrifuge tubes and centrifuged at 10,000 rpm for 10 min at 4 ◦C. 
The supernatant was removed, and the residue was then resuspended in 
40 mL of Dulbecco’s phosphate-buffered saline (DPBS; Welgene, Korea) 
and incubated at 25 ◦C for 1 h. The incubated sample was centrifuged at 
10,000 rpm for 10 min at 4 ◦C. The supernatant was removed, and the 

resulting pellet was resuspended in 20 mL of DPBS. 
The generation and sampling of bioaerosol were carried out in an air 

chamber with a volume of 125 L (0.5 × 0.5 × 0.5 m3) as shown in Fig. 1. 
To prevent outward spreading during the experiments, a high-efficiency 
particulate air (HEPA) filter was constructed beside the wall of the air 
chamber. The 2.07 μm bead suspension (Bangs laboratory, 20 mL, 5 ×
107 particles mL− 1) or bacterial suspension (20 mL, 107 cells mL− 1) was 
aerosolized using a 6-jet collision nebulizer (BGI, USA). Aerosolization 
was performed using a 4 L min− 1 flow of filtered air, which was 
controlled using a mass flow controller (VICD220; MFC Korea, Korea). 
The aerosolization time was adjusted by considering the required con
centration of aerosol particles. The generated aerosol was dried by a 
diffusion dryer. Inside the chamber, air fans were used for homogeneity. 
The air inside the chamber was maintained at 25 ◦C and a relative hu
midity of 50% using a thermo-hygrostat. 

2.2. Airborne bacteria collection and detection setup 

The system was built by combining a wet cyclone sampler for bio
aerosol collection and a microfluidic cytometer for bacterial detection. 
The wet cyclone aerosol sampler (Coriolis μ; Bertin Technologies, 
France) was connected to an air chamber, as shown in Fig. 1. The cone of 
the sampler was filled with 10 mL of DPBS. The sampling time for all 
experiments was 5 min at an airflow rate of 300 L min− 1. The cone was 
cleaned with 70% aqueous ethanol after each sampling. The collected 
solution in the air sampler was transferred to a syringe pump for 
detection. The solution in the syringe pump (Cadent 3; IMI Norgren, 
Germany) was transferred to a microfluidic cytometer and measured 
using a microfluidic cytometry system. 

An aerosol spectrometer (Model 1.109; Grimm, USA) was used along 
with the cyclone sampler to measure the concentration of particles in the 
relevant size range of 0.265–34.0 μm. The aerosol chamber was wiped 
with ethanol and flushed with filtered air for 10 min (4 L min− 1) to 
remove aerosols from previous experiments. 

2.3. Sample preparation 

Fluorescent microbeads (Bangs Laboratory) were used to evaluate 
the performance of the system. The average diameters of the microbeads 
were 0.96, 2.07, and 2.95 μm, comparable to that of E. coli. The 
microbeads were diluted with DPBS before use. 

2.4. Fabrication of microfluidic cytometer 

The fabrication process of the microfluidic cytometer was similar to 
the photolithographic techniques in our previous reports (Choi et al, 
2013, 2014). In brief, glass slides (Marienfeld Laboratory Glassware) 
were cleaned in piranha solution (H2SO4:H2O2 = 3:1) for 30 min, then 
rinsed with deionized (DI) water, acetone (CMOS grade, J. T. Baker), 
and methanol (CMOS grade, J. T. Baker) three times. Cleaned glass 
slides were spin-coated with hexamethyldisilazane (HMDS; Merck, 
Kenilworth, NJ, USA) at 6000 rpm for 30 s. The HMDS-coated slides 
were placed on a hot plate at 110 ◦C for 1.5 min and subsequently cooled 
at room temperature for 1 min. Subsequently, a photoresist (PR) AZ9260 
(Merck, Kenilworth, NJ, USA) was spin-coated onto the surface of the 
glass slide using a spin coater at 6000 rpm for 30 s. The PR-coated slides 
were placed on a hot plate at 110 ◦C for 1.5 min and cooled at room 
temperature for 15 min. The slides were aligned under a film photomask 
and exposed to UV light (365 nm, 18 mJ cm− 2) for 25 s with a UV aligner 
(Midas System Co., Ltd., Korea). The UV-exposed slides were immersed 
in an AZ400K developer (Merck, Kenilworth, NJ, USA) to develop 
UV-exposed PR. The glass slides were washed with DI water and dried in 
clean air. Next, the slides were hard-baked at 150 ◦C for 15 min. After 
cooling to room temperature, the slides were etched for 7 min using a 
6:1 buffered oxide etch (BOE) solution (J. T. Baker) and cleaned with DI 
water using an ultrasonic cleaner (351OE-DTH, Branson) for 15 min to 
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remove impurities from the channel. The patterned slides were drilled to 
create inlet and outlet holes using a 1 mm drill bit, followed by thermal 
bonding to the patterned glass in a furnace. The microfluidic channel 
was cleaned and filled with 0.1 M KCl. 

2.5. Microfluidic cytometry 

An external custom-made circuit generated a 0.8 V DC bias applied 
between two Ag/AgCl electrodes and detected the impedance change 
between the microfluidic channels. The DC impedance-analyzing circuit 
removed the DC component, and the operational amplifier components 
in the circuit amplified the impedance signal. For the simultaneous 
measurement of fluorescence and DC impedance, blue light was focused 
on the detection region using an objective lens (40×, Nikon). The 
fluorescence signal was optically filtered using 530/43 band-pass filters 
and detected using photomultiplier tube (PMT; Hamamatsu, Japan). The 
impedance and fluorescence signals were transmitted through a data 
acquisition card (USB-X-6356, National Instruments) with 30 kHz 
sampling rates. The signals of the particles were saved and matched 
using a self-programmed LabVIEW (LabVIEW, 2015; National Instru
ment) program. The particles were infused into a microfluidic cytometer 
using a syringe pump (Cadent 3; IMI Norgren, Germany) at a flow rate of 
1 μL min− 1. The syringe pump and microfluidic cytometer were con
nected by 100 μm diameter glass capillary tubing with Nano Port As
semblies (IDEX, USA). 

3. Results and discussion 

3.1. Bioaerosol sampling operation 

The simulation of the air sampler at different flow rates is shown in 
Fig. S1. A flow rate of 300 L min− 1 resulted in a cut-off diameter of 0.3 
μm, which is small enough to capture particles covering most of the 

range of bacteria (Levin and Angert, 2015). Accordingly, the wet 
cyclone air sampler was operated at a flow rate of 300 L min− 1 in all 
subsequent experiments. 

The concentration of particles in the range of 1–3 μm inside the air 
chamber was measured using an aerosol spectrometer, as shown in 
Fig. 2. The aerosolization period is colored in yellow and the air sam
pling period is colored in orange. Particles were observed for 15 min, 
and for the first 10 min, different solutions were aerosolized. When DI 
water was aerosolized, there was no change in the concentration of 1–3 
μm particles for the entire 10 min, as shown in Fig. 2(a). Fig. 2(b) shows 
2.07 μm beads in DI water aerosolized for 10 min. A noticeable increase 
in the particle count indicates that the 2.07 μm beads are aerosolized as 
expected. Fig. 2(c) shows the case of 2.07 μm beads aerosolized for 10 
min and subsequently air-sampled for 5 min. The graph shows that the 
beads were effectively eliminated from the air. A similar approach was 
adopted for E. coli, but the spectrometer signal from DPBS was so high 
that the signal from E. coli was undistinguishable from the DPBS signal, 
as shown in Fig. 2(d). 

3.2. Operation principle of DC impedance-based cytometer 

A two-channel microfluidic cytometer was designed and fabricated 
to detect bioaerosols collected from an air sampler, as shown in Fig. 3. 
The cytometer was based on our previous design and was improved to 
serve our purpose (Choi et al., 2014; Joo et al., 2010). A syringe pump 
drives the sample solution from the wet cyclone air sampler into the 
microfluidic cytometer. The sample solution injected through the inlet 
reservoir passed through a split channel where impedance and fluores
cence sensing were performed. Each microfluidic sensing channel was 
30 μm in length and 10 μm in width and depth. At the end of each 
channel, the Ag/AgCl electrode was located for ionic current measure
ment, as shown in Fig. 3(b). A constant DC voltage of 0.8 V was applied 
between the two Ag/AgCl electrodes, and the chloride ion flow 

Fig. 1. Bioaerosol collection and detection set-up.  
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produced an ionic current. As particles pass through the sensing region, 
they block the narrow channel interfering with chloride flow, resulting 
in a decrease in ionic current, causing an impedance peak to appear. In 
principle, the impedance peak amplitude should be linear to the volume 
of the particle (Choi et al., 2013; Chun et al., 2005; Guo et al., 2015b; 
Kim et al., 2009; Rho et al., 2018). At the same time, blue light irradiates 
the fluorescence detection region shown in Fig. 3(a) and excites the 

fluorescent molecules. The impedance and fluorescence signals were 
simultaneously obtained in the area shown in Fig. 3(a). The current chip 
design consists of dual outlets, enabling throughput to double that of a 
single outlet. Throughput can be defined as the amount of liquid that 
flows through the chip per second. Throughput is determined by the 
chip geometry, specifically the narrowest part of the chip, which is the 
sensing channel. Our chip design uses a dual channel to decrease the 

Fig. 2. Spectrometer measurements of different samples in a chamber during aerosolization and air sampling plotted against time with aerosolization period (yellow 
region) and air sampling period (orange region). (a) Aerosolization of D.I. water for 10 min and subsequent air sampling for 5 min. (b) Aerosolization of 5 × 107 mL− 1 

2.07 μm bead in DI water for 10 min without air sampling. (c) Aerosolization of 5 × 107 mL− 1 2.07 μm bead in DI water for 10 min and subsequent air sampling for 5 
min. (d) Aerosolization of DPBS for 10 min and subsequent air sampling for 5 min. (For interpretation of the references to color in this figure legend, the reader is 
referred to the Web version of this article.) 

Fig. 3. (a) Two-channel microfluidic cytometer and magnified part of the microfluidic sensing channel. The impedance measurement region (red rectangles) and the 
fluorescent measurement region (blue rectangle) enables the simultaneous detection of DC impedance and fluorescence. (b) Simplified diagram of microfluidic 
cytometer expressing the origin of current signal. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of 
this article.) 
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total flow resistance by half, allowing the throughput to double. This 
allows analysis to be performed in half the time it takes with a single 
channel. The current design also simplifies chip fabrication by removing 
the need for gel, which was necessary in the previous designs. 

3.3. DC impedance-based analysis of aerosolized microbeads and bacteria 

The correlation between the impedance peak amplitude and 
microbead volume was assessed with aerosolized fluorescent microbe
ads of different diameters (0.96, 2.07, and 2.95 μm). The actual 
impedance data is presented in Fig. S2. The peak amplitudes and particle 
volumes obtained using the newly designed cytometer are plotted in 
Fig. 4(a). The calibration curve with a linearity of R2 = 0.9967 proves 
that the principle fits well with this cytometer. A calibration curve was 
used to draw the histogram in Fig. 4(b). The diameters of the microbeads 
calculated from the peak intensities were clearly distinguishable from 
each other. E. coli BL21 was also measured, and the calculated diameters 
were plotted along with the beads in Fig. 4(b). The diameters and sta
tistical calculations of the beads and E. coli are presented in Table S1. 
E. coli has a cylindrical structure with a hemispherical cap with a 
diameter of approximately 1 μm and a length of approximately 2 μm. 
The mean diameter of 1.641 μm calculated in Table S1 seems to be in 
good agreement with the actual value. A rather large standard deviation 
compared to those of beads comes from the actual inconsistencies in 
E. coli cell sizes (Yao et al., 2012). The cytometer was also used to deduce 
bead concentration successfully as presented in Fig. S3. 

3.4. Quantification of aerosolized microbeads and bacteria 

The efficiency of the bioaerosol detection system was evaluated with 
aerosolized 2.07 μm beads, as shown in Fig. 5(a). Beads were aerosolized 
for 1, 3, 5, 7, and 10 min to make different concentrations in the 
chamber, and the concentrations were measured with the spectrometer. 
Then, the air sampler collected the aerosolized beads into 10 mL DPBS 
solution for 5 min. Part of the solution was put through a DC impedance 
microfluidic cytometer and another part was measured with a BD FACS 
Canto™ II as a reference. Fig. 5(a) compares the total bead counts 
calculated from the three different measurements. Comparison of par
ticle counts from the spectrometer and FACS elicited collection effi
ciency. The collection efficiency varied depending on the concentration 
and was 28.04% on average. This is because of two factors, the inac
curacy of aerosol spectrometer and sedimentation/adsorption of aerosol 
during collection. First, aerosol spectrometer measures all particles 
including water droplets. Therefore, overestimation is expected. Sec
ondly, sedimentation occurs as can be seen in Fig. 2(b). However, direct 

comparison of spectrometer and cyclone-cytometer integrated air 
monitor (CCAM) is inappropriate because they have different purpose. 
Unlike spectrometer which measures concentration of all airborne 
matter, CCAM aims to capture and measure specific low concentration 
pathogen in the air. Comparison of particle counts from FACS and DC 
impedance cytometry elicited detection efficiency. The detection effi
ciency was 87.68% on an average. The 12.32% loss could be due to the 
dead volume in the inlet reservoir. The syringe pump cannot push the 
entire solution through the detector. Part of the solution remains after 
the pump is completely pushed forward. This could be improved by 
making the reservoir smaller or the entire channel length shorter to 
reduce the dead volume. The overall device efficiency was calculated by 
comparing the spectrometer measurements and DC impedance cytom
eter measurements, which was 24.59% on average. The device could be 
said to perform efficiently over the tested particle concentration range. 

The device efficiency was also observed in E. coli. E. coli was diluted 
in DPBS solution when aerosolized to preserve the structure of E. coli. 
Because of the dried salts produced from the DPBS solution, the con
centration of particles in the air could not be measured accurately, so the 
spectrometer data is missing from the E. coli measurement. Fig. 5(b) 
compares the results from FACS and the microfluidic cytometer. The 
concentrations of E. coli solution measured by the microfluidic cytom
eter were, on average, 81.61% compared to the concentration measured 
by FACS. The reason for the low concentration of bacteria compared to 
microbeads might be (1) E. coli tends to adhere to the wall of the 
microfluidic channel and (2) the diameter of E. coli was smaller than that 
of beads and might be less efficient at the collection step. For these 
reasons, the data measured here supports the usefulness of combining 
the cyclone sampler with a microfluidic cytometer for reasonably fast 
detection of the target microbial cells in bioaerosols. 

3.5. Differentiation of dust, live E. coli, and dead E. coli 

Finally, CCAM device was utilized of its specific pathogen detecting 
ability. The device was used to differentiate dust, live bacteria, and dead 
bacteria by the addition of bacteria staining dye in a wet cyclone sam
pling liquid. LIVE/DEAD® BacLight™ was used to stain live bacteria 
green and dead bacteria red. LIVE/DEAD® BacLight™ is a mixture of 
two nucleic acid stains, SYTO 9 and propidium iodide. SYTO 9 green 
fluorescent dye stains all bacterial populations. In contrast, propidium 
iodide red-fluorescent dye stains only bacteria with damaged mem
branes, causing a reduction in SYTO 9 green fluorescence. E. coli was 
used as the model bacteria in this experiment. Microscopic image of 
dust, live E. coli, and dead E. coli mixed with BacLight reagent is shown 
in Fig. S4. The actual device operation was executed with individual 

Fig. 4. (a) Peak amplitudes of the DC impedance signal from microbeads (0.96, 2.07, and 2.95 μm in diameter) plotted against particle volume. Peak amplitude and 
the cube of particle diameter calibration curve shows near-linear relation with R2 of 0.9967. (b) Histogram of the diameter calculated with the calibration curve for 
E. coli and the three types of microbeads. 
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Fig. 5. (a) Results of concentration measurement of collected microbeads (2.07 μm in diameter) using air sampler in the air chamber. Quantification is carried out 
with commercial aerosol spectrometer, microfluidic cytometer, and commercial FACS. (b) Results of concentration measurement of collected E. coli using air sampler 
in the air chamber. Quantification is carried out with microfluidic cytometer and commercial FACS. 

Fig. 6. Detection of dust, live E. coli, and dead E. coli when sampled in BacLight reagent containing solution. (a) DC impedance cytometer impedance and fluo
rescence data of dust and live E. coli (b) DC impedance cytometer impedance and fluorescence data of dust and dead E. coli (c) 3-dimensional plot of cytometer data 
for live E. coli (d) 3-dimensional plot of cytometer data for dead E. coli. 
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samples containing dust mixed with either live E. coli or dead E. coli. 
Fig. 6(a) shows the simultaneous impedance and fluorescence signals of 
live E. coli with clear green fluorescence. The ratio of green to red 
fluorescence was high enough to identify them as live. Fig. 6(b) shows 
the impedance and fluorescence measurements of dead E. coli mixed 
with dust, and the relatively high red fluorescence clearly shows that 
E. coli is dead. Fig. 6(c) and (d) show 3-dimensional plots of impedance, 
green fluorescence, and red fluorescence from live and dead E. coli 
samples. The differences in the populations of green and red fluores
cence clearly distinguishes whether the majority of cells are dead or 
alive. The simple addition of reagents to the sampling liquid has allowed 
the determination of whether bacteria have lost their virulence. This 
could be used to measure the effective concentration of pathogens that 
can infect people. Further identification can take place by simply 
exchanging fluorescent label or other methods depending on the target 
of interest and the purpose (Iswardy et al., 2017; Lippe, 2018). 

4. Conclusions 

We constituted the first air monitoring system to utilize DC imped
ance for particle size measurement. The air monitoring system consisted 
of a wet cyclone air sampler for aerosol collection and a DC impedance 
microfluidic cytometer for bacteria detection. CCAM was designed to 
not require any separate pretreatment for bacteria detection. CCAM was 
verified using microbeads, dust, and Escherichia coli. The device was able 
to measure the concentration of the collected particles to ~1 × 103 

particle mL− 1. CCAM was able to collect particles in the air with an 
average collection efficiency of 28.04%. The high collection efficiency 
and detection efficiency in this study demonstrate the potential of the 
proposed device as a real-time air monitoring system. Based on the 
confirmed efficiency, the device successfully differentiated dust and 
live/dead E. coli using the well-known BacLight LIVE/DEAD reagent. 
This is not a mere specific analyzer but an analytical platform that could 
be utilized for a variety of purposes. To determine the bacterial cell wall 
type, a gram stain reagent was used in this work. However, the usage 
could be further extended to a more specific determination of species 
with the introduction of antibody-fluorescence molecules. The proposed 
platform is the basis for the air-monitoring system for out-of-the-lab use 
that will be useful in the near future. 
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