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Announcement
• The 7th Board Meeting of the 14th
Directors and Supervisors took place via
an online-video meeting on March 21,
2020, since the outbreak of COVID-19.
This is a historical first video-conference
meeting of TAAR. In the meeting, we have
approved 19 memberships, including 17
Full and 2 Primary memberships (refer to
page 2). Welcome to the TAAR family!
• Transmission of COVID-19 by aerosol has
attracted deep public concerns. The Social
Responsibility Committee of TAAR
released a press article “Droplet versus
Airborne Transmission of Viruses” that
provides aerosol-related clarification and
explanation for the public (refer to page 3).
• 2020 T&T TFOSE has been held by
TAAR in National Yang-Ming University
on March 6, 2020. Thanks for all the
participants, partners and sponsors.

•

•
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New Members of TAAR
Name
Wan-Chen Lee
Yen-Yi Lee

Affiliations

Positions

Institute of Environmental and Occupational Health
Science, National Taiwan University

Assistant Professor

Department of Food & Beverage Management, Cheng
Shiu University

Assistant Professor

Kuan-Shian Li

Department of Environmental Engineering, National
Cheng Kung University

Master Student

Chun-Wei Tu

Environmental Resource Management Research Center,
National Cheng Kung University

Group Member

Wen-Chang Lin

Office of General Affairs, National Kaohsiung Normal
University

Leader of Environmental
Safety and Health Group

Yun-Chieh Lin

Public Works Department, Taipei City Government

Chia-Wei Lin

翌暘工程顧問有限公司

Associate Technical
Specialist
Project Manager

Zih-Yi Lin

Lab of Professor Yi-Ming Kuo, Chung Hwa University of
Medical Technology

Johnny Lin

Vanguard International Semiconductor Corporation

En-Tzu Lin

Department of Environmental Science and Engineering,
National Pingtung University of Science and Technology

Master Student

Cheng-Chih Kao

Pingtung Christian Hospital

Senior Manager

Shih-Hsin Huang

Deportment of Water Quality Protection, Environmental
Protection Administration, Executive Yuan, R.O.C.
(Taiwan)

Associate Technical
Specialist

Wan-Ting Huang

Safety & Health Environmental Engineering, Chung Hwa
University of Medical Technology

Adjunct Lecturer

Chia-Yang Chen

National Cheng Kung University

Chang-Gen Mu

Environmental Protection Bureau, Chiayi County

Director-general

Institute of Food Safety Management, National Pingtung
University of Science and Technology

Master Student

Ching-Tzu Chang

Assistant
Factory Engineer

Postdoctoral Research
Fellow

Chan-Hao Tsai

Taiwan Semiconductor Manufacturing Company, Ltd

Engineer

Ching-Kai Su

Department of Medicine, Kaohsiung Veterans General
Hospital–Pingtung Branch

Director

Xuan Huy Ninh

Department of Environmental and Occupational Health,
College of Medicine, National Cheng Kung University

Ph.D. Candidate
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Droplet versus Airborne Transmission of Viruses
A new corona virus disease, abbreviated as “COVID-19”, has become the most popular and discussed
word since the early spring in 20201*. So far in this tense moment, how much do we know about the
transmission modes of this virus?
The major transmission modes of COVID-19 are considered to include “direct contact” and “droplet
spray.” Thus, the advocated preventive measures against COVID-19, such as frequent hand washing and
wearing qualified masks, are meant to prevent such transmissions. More recently, “aerosol transmission”
is reported as a potential pathway to spread the communicable diseases2. The definition of “aerosol
transmission” becomes important.
“Aerosols” are tiny solids or liquids suspended in the air. The well-known fine particulate matter
(PM2.5), dust, liquid droplets are all considered as aerosols. All these aerosols have the ability to carry
pathogens, such as virus or bacteria. Interestingly, the “droplet” and “airborne” transmissions are
considered different in the field of infectious diseases, even though the route of transmission of both is
by air. The former refers to the spread via relatively large and hence short-range droplets, whereas the
latter via smaller and hence longer travel-distance droplet nuclei or other types of aerosols.
Small-size aerosols have higher transmission potential than large-size droplets, because the former
can remain airborne for a much longer time and thus increase the probability to be inhaled or contacted
by human. Notably, the infected patients have several ways to release the pathogens into the surrounding
environments, such as coughing, sneezing, talking and even normal breathing. It is a complicated
process from the pathogen source to the receptor. The sizes and number concentrations of aerosols
depend on their formation mechanisms. For example, the droplets from coughs and sneezes have larger
sizes, being more affected by gravity, and shorter transport distance before they fall to the ground.
Therefore, washing hands and wearing qualified masks could avoid the droplet infection and spread. On
the other hand, the micro- or nano-sized aerosols from breathing could persist and remain suspended in
the air for a longer period of time (hours to days) and transport farther away and increase risk of
inhalation. Fortunately, the potentially lower virus concentrations in small aerosols, along with unsteady
environmental temperature and humidity could limit their viability and virulence. We should keep
ourselves away from densely-populated places with poor ventilation and thereby effectively minimize
the airborne transmission.
In addition to good personal hygiene, it is also important to maintain good sanitation in public areas.
For example, the splash or leaks of wastewater containing pathogens could result in unanticipated
transmission3. In the face of so many unknowns and uncertainties, the cooperation and collaboration
among different fields of expertise are crucial for winning the fight against COVID-19. We need to keep
our faith, using science and technology, and find ways to stop the COVID-19 from spreading. We all
look forward to getting back on our usual daily life.
1電子顯微鏡下的

2019-nCoV，半徑約為 60~140 nm (Zhu, Na, et al. "A novel coronavirus from patients with
pneumonia in China, 2019." New England Journal of Medicine (2020).)
2"武漢肺炎：中國確認新冠病毒經空氣通過氣溶膠傳染", https://www.bbc.com/zhongwen/trad/world-51427216
3Wigginton, K. R., Y. Ye, and R. M. Ellenberg. "Emerging investigators series: the source and fate of pandemic viruses
in the urban water cycle." Environmental Science: Water Research & Technology 1.6 (2015): 735-746.
*文稿發出後不久，世界衛生組織(WHO)正式命名此新型冠狀病毒為"COVID-19"，
https://twitter.com/WHO/status/1227248333871173632
Media contact:
Dr. Li-Hao Young
Secretary General, Taiwan Association for Aerosol Research
Associate Professor, Dept. of Occupational Safety and Health, China Medical University
Tel: 04-2205-3366 ext.6219; Email: lhy@mail.cmu.edu.tw
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Report on the 2020 T&T TFOSE

Organizers:
Taiwan Association for Aerosol Research
National Yang-Ming University
Chia Nan University of Pharmacy & Science
2020 T&T TFOSE serves as a platform for international students to present their
novel studies in the field of Environmental Research and to provide more research
collaboration opportunities among Taiwan, ASEAN, India, Thailand, Vietnam,
Philippines, Malaysia, Pakistan, Bangladesh, Nepal, Srilanka, Bhutan, Australia and
New Zealand. Meanwhile, a JOB FAIR will be held during the conference, giving
students from above countries the opportunities for internship and occupations in
related fields. Lastly, this conference would like to further strengthen economic ties
between Taiwan and above countries to create new value going forward.
T&T TFOSE includes important environmental science and technology topics in
different environmental matrices such as, atmosphere, waste, and soil. Green energy
and waste recycling topic are also included to achieve environmental sustainability.
2020 T&T TFOSE has been held by TAAR in National Yang-Ming University
on March 6, 2020. The organizers arranged several measures against COVID-19
and eventually had a smooth and successful conference.
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Report on the 2020 T&T TFOSE
Opening Ceremony and Invited Speeches
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Report on the 2020 T&T TFOSE
Student Forum I

Student Forum II
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Report on the 2020 T&T TFOSE
Measures against COVID-19
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Report on the 2020 T&T TFOSE
Sponsors and Exhibition Booths
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Report on the 2020 T&T TFOSE
The Best Academic Paper Awards
Excellent
Prize

Antonius Steven (Indonesia)
National Chiao Tung University

Paper Title

Low Pressure Drop Wetted Micro-orifice Impactor (WMOI) for Sub-micron Particles
Removal

Good Prize

Aishwarya Rani (India)
National Ilan University

Paper Title

A Norfloxacin detection by electropolymerized graphite electrode
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Report on the 2020 T&T TFOSE
The Best Technical Paper Awards
Excellent
Prize

Minh Man Trinh (Vietnam)
National Central University

Paper Title

Catalytic pyrolysis: new approach for POPs destruction in MWIs fly ash

Good Prize

Yoanita Puspita Ratih (Indonesia)
Chung Yuan Christian University

Paper Title

Recovery Ammonia by Vacuum Membrane Distillation
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Report on the 2020 T&T TFOSE
The Potential Paper Awards
Excellent
Prize

Adnan Hussain (Pakistan)
Chung Yuan Christian University

Paper Title

Synthesis of Ag doped in Bi2S3 for the photocatalytic degradation of NOx under
visible light

Good Prize

Dulguun-Uyanga (Mongolia)
Chung Yuan Christian University

Paper Title

Recovery nickel from Wastewater using Membrane technologies and Electroless
plating
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Research Profile：Kuo-Pin Yu
Winner of Chiu-Sen Award 2017
Professor
Institute of Environmental and Occupational Health
Sciences, National Yang-Ming University (IEOHS, NYMU)
Ph.D., Grad. Inst. of Environ. Engineering, NTU, Taiwan
BS, Dept. of Agricultural Chemistry, NTU, Taiwan
Phone: 02-28267933
E-mail: kpyu@ym.edu.tw

Personal Profile and Research Interests
Dr. Yu has joined the faculty in IEOHS, NYMU, since 2009, after postdoctoral research on
photocatalysis for two years at the Institute of Chemistry, Academia Sinica. For recent years, Dr. Yu’s
work focuses on health risk assessment on the exposure to indoor air pollutions and control techniques for
the removal of indoor air contaminants. His recent research topics are summarized as the following:
1.

Antimicrobial application of nano-metals in indoor environments
Recently, the outbreak of coronavirus (COVID-19) has become a pandemic. People around the world
are panic buying antimicrobial and disinfection products. In recent years, Dr. Yu's group conducted a
series of investigations on the antimicrobial nano-metal materials, which could provide references for
practical application.
Their first study utilized A. niger as model strains to evaluate the fungicidal efficacy of ozone and
nano-metals supported by titanium dioxide (TiO2) on the surface of glass and putty. According to their
results, nano-silver (nano-Ag) shows excellent performance, followed by nano-copper (nano-Cu). The
addition of ozone has a synergetic effect on the fungicidal efficacy of nano-metals. The inactivation rate
constants (k) of A. niger spores on nano-metals in the presence of ozone (k = 0.475–0.966 h−1) were much
higher than those in the absence of ozone (k = 0.001–0.268 h−1). However, on the surface of TiO2 particles,
no antifungal effect was observed until 6-h exposure to ozone [1]. Besides, they utilized the strong-metalsupport-interaction between nano-Ag and TiO2 support to reduce the nano-Ag+ to zero-valent metal nanosilver (nano-Ag0) at 200oC. The antimicrobial activity of nano-Ag was determined by the zone of
inhibition against three fungi, A. niger, P. spinulosum and S. chartarum, and two bacteria, E. coli (Gram-)
and S. epidermidis (Gram+). Compared to nano-Ag+, the antimicrobial efficacy of nano-Ag0 was
significantly improved. The reason is that the antimicrobial activity of Ag+ released from nano-Ag+ would
be hindered by ligands, including chloride ions (Cl−), hydroxide ions (OH−), and phosphate (PO43−).
However, nano-Ag0 can act as a carrier of Ag+ and prevent the interactions between antimicrobial Ag+ and
ligands. The nano-Ag exhibited optimal antimicrobial efficacy when its dispersion on the surface of TiO2
was between 0.2 and 0.7 μg-Ag/m2 [2].
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Dr. Yu's group also applied the nano-Ag0 prepared by the thermal reduction method to three common
and mold-prone indoor building materials: gypsum board, cement board and plywood and observed their
antifungal efficacy against three common fungi (A. niger, P. spinulosum and S. chartarum) under 95%
relative humidity. Experimental results demonstrated that when the silver-loading level increased to 0.5
μg/cm2, the mold growth was completely inhibited within 28 days of observation, indicating the excellent
antifungal efficacy of nano-Ag0 [3].
Furthermore, Dr. Yu's group synthesized an antimicrobial composite containing nano-Ag, TiO2, and
chitosan (CS) via photochemical deposition of nano-Ag on a TiO2‐CS matrix (nano-Ag/TiO2‐CS). NanoAg particles with diameters of 6.69‐8.84 nm were uniformly dispersed on the TiO2‐CS. In addition to being
deposited on the surface of TiO2, Fourier‐transform infrared spectroscopy indicated that some nano-Ag
formed a chelate with CS through coordination of Ag+ with the CS amide II groups. The minimum
concentrations of nano-Ag required to inhibit the growth of bacteria (E. coli and S. epidermidis) and fungi
(A. niger and P. spinulosum) were 7.57 and 16.51 μg‐Ag/mm2, respectively. For the removal of bacteria
and fungi aerosols by using a nano-Ag/TiO2‐CS filter, the optimal filter quality (qF) was obtained at a
thickness of 2‐4 cm (qF=0.0285‐0.103 Pa−1; removal efficiency (η) = 57.6%‐98.2%). When the nanoAg/TiO2‐CS filters were installed in the ventilation systems of a negative pressure isolation ward, up to
88% of airborne bacteria and 97% of airborne fungi were removed within 30 minutes [4]. The 6-cm thick
nano-Ag/TiO2‐CS filter can remove about 97% of virus (MS2) aerosols. According to the estimation of the
Wells-Riley model, nano-Ag/TiO2‐CS filter in ventilation and air-conditioning systems could reduce the
probability of airborne infection from 99% to 34.6% in the best case [5].
1.

2.

3.

4.

5.

Kuo-Pin Yu*, Yi-Ting Huang, Shang-Chun Yang. The antifungal efficacy of nano-metals supported
TiO2 and ozone on the resistant Aspergillus niger spore. Journal of Hazardous Materials 2013;
261:155-162.
Yen-Chi Chen, Kuo-Pin Yu * . Enhanced antimicrobial efficacy of thermal-reduced silver
nanoparticles supported by titanium dioxide. Colloids and Surfaces B-Biointerfaces 2017; 154:195202.
Yen-Chi Chen, Kuo-Pin Yu*, Wen-Cheng Shao, Chao-heng Tseng, Wen-Chi Pan. Novel moldresistant building materials impregnated with thermally reduced nano-silver. Indoor Air 2018; 28(2):
276-286
Yen-Chi Chen, Chun-Hsing Liao, Wan-Tien Shen, Chien Su, Yu-Chiao Wu, Ming-hsuan Tsai, ShuiShu Hsiao, Kuo-Pin Yu*, Chao-heng Tseng. Effective disinfection of airborne microbial
contamination in hospital wards using a zero-valent nano-silver/TiO2-chitosan composite. Indoor Air
2019; 29(3):439-449
Kuo-Pin Yu*, I-Jen Wang, I Fan Chang, Chien Su, Wan-Tien Shen, Chun-Hsuan Bai. Application of
nano-silver/chitosan composite sterilization material for the removal of viral aerosols. Journal of
Aerosol Medicine and Pulmonary Drug Delivery 2019; 32(3):A28

2.

Control and Sampling Technique of Indoor Submicron and Nano Aerosol Particles
Dr. Yu’s group studied the removal efficiency of negative air ionizer for indoor submicron particles
and the influence of different particle size distributions (monodisperse or polydisperse), the dielectric
constants of the particles, and the freestream air velocity on the deposition rate of particles. Among them,
freestream air velocity affects the electric field strength and the concentration of negative air ions
negatively. The removal efficiency of polydisperse particles is better than that of monodisperse particles.
The removal efficiency of particles with a higher dielectric constant (DC) is better than those with a lower
DC. The negative air ionizer can enhance the particle deposition rate to as high as 100 times [1]
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Generally, commercially available bioaerosol samplers mainly use the principle of inertial impaction
or centrifugation for sampling. The minimum cutoff size of these samplers is about 0.3 μm, and thus they
are not suitable for the collection of submicron or nanoscale virus aerosols. Dr. Yu’s group enhanced the
diffusion capture efficiency of the current commercially available bioaerosol sampler by applying granular
bed filtration so that the capture efficiency for aerosol particles with a size below 0.3 μm can be increased
to more than 98%, which has been patented by the Republic of China [2].
1.

2.

Kuo-Pin Yu*, Hui-Chi Shih, Yen-Chi Chen, Xuan-En Yang. Effect of turbulence intensity and
particle characteristics on the deposition of submicron particles enhanced by the ionic air purifier.
Building and Environment 2017; 114:166-177
Kuo-Pin Yu*, Yen-Ping Chen, Jia-You Gong, Yen-Chi Chen, Chih-Ching Cheng. Improving the
collection efficiency of the liquid impinger for ultrafine particles and viral aerosols by applying
granular bed filtration. Journal of Aerosol Science 2016; 101:133-143.

3.

Exposure to Pollution from Cooking and Risk Assessment
Cooking is one of the primary household sources of particulate matter (PM) and polycyclic aromatic
hydrocarbons (PAHs). Currently, the data of exposure to pollutants in household kitchens are relatively
few in Taiwan. Therefore, we conducted a health risk assessment for exposure to pollutants in five
household kitchens in northern Taiwan during 2010-2011. 24-hour monitoring of the particle concentration
shows that particle number concentrations during non-cooking hours ranged from 1,220 to 6,200 #/cm3
and increased to 1.4×106 #/cm3 during cooking hours, and most of these particles are ultrafine ones. The
measurement results in three kitchens exceed the current indoor air quality standards of Taiwan. There is a
very significant positive correlation between BaPeq and the mass concentration of PM5.6-18. The
incremental lifetime cancer risk resulting from exposure to the pollutants in the household kitchen could be
higher than the acceptable level of 106, and thus of health concerns [1].
Dr. Yu also participated in the study on the effects of oil drops and the charcoal’s proximate
composition (moisture, volatile substances, fixed carbon, and ash) on the air pollution emitted from
charcoal barbecues. A linear regression model was employed to confirm the major factors affecting the
emission factors of air pollutants, including CO, CO2, NOx, hydrocarbons, benzene, toluene, formaldehyde,
acetaldehyde, PM2.5, and metals (Al, Cr, Cu, Fe, and Zn). The emission factors of hydrocarbons observed
during the dripping of oil and sauce on the charcoal were 76.4–357% higher than those measured during no
dripping. The emission factor of PM2.5 during dripping was 8–19 times higher than those during no
dripping. The emission factors of benzene, toluene, formaldehyde, and acetaldehyde also significantly
increased during dripping. Thus, it is recommended to avoid oil and sauce on the charcoal to reduce the
emission of air pollutants during barbecuing [2].
1.

2.

Kuo-Pin Yu*, Ke Ruo Yang, Yen Chi Chen, Jia You Gong, Yen Ping Chen, Hui-Chi Shih, ShihChun Candice Lung. Indoor air pollution from gas cooking in five Taiwanese families. Building and
Environment 2015; 93:258-266.
Kuo-Pin Yu*, Yen-Chi Chen, Yun-Jhe Miao, Sepridawati Siregar, Yu Wei Tsai, Whei-May Grace
Lee**. Effects of oil drops and the charcoal’s proximate composition on the air pollution emitted
from charcoal barbecues. Aerosol and Air Quality Research, Accepted.
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Aerosol Information Updates

New Books on Aerosol

Title: Evaluation Ambient Air Quality By Personnel
Monitoring: Volume 2 : Aerosols, Monitor Pumps,
Calibration, and Quality Control
Author: Adrian L. Linch
Publisher: CRC Press (August 8,2019)
Language: English
ISBN-13: 978-1315892856
ISBN-10: 1315892855

Description:
Personnel monitoring is a term designating the determination of the inhaled dose
of an airborne toxic material of an air-mediated hazardous physical force by the
continuous collection of samples in the breathing or auditory zone, or auditory
zone, or other appropriate exposed body area, over a finite period of exposure time.
A personnel monitor is a self-powered device worn by monitored individual to
collect a representative sample of laboratory analysis, or to provide accumulated
dose of instantaneous warning of immediately hazardous conditions by visible or
auditory means while being worn.
Title: Aerosols and the Human Lung: An Introduction
Author: Chantal Darquenne, Otmar Schmid, G Kim Prisk
Publisher: World Scientific Publishing Company
(March 2, 2020)
Language: English
ISBN-13: 978-9811212178
ISBN-10: 9811212171

Description:
This book provides a comprehensive overview of the field of aerosol science
related to particle inhalation and its effect on the lung, predominately in humans. It
covers the basics of aerosol behavior, transport, deposition, clearance, and effects
of aerosols, both environmental and therapeutic. Aimed at the researcher entering
the field of aerosol inhalation it provides a valuable introductory resource in an
accessible format.
Exploratory Study of Factors Affecting 15
Aerosol Formation

Aerosol Information Updates

New Books on Aerosol

Title: Atmospheric Multiphase Reaction
Chemistry: Fundamentals of Secondary Aerosol
Formation
Author: Hajime Akimoto, Jun Hirokawa
Publisher: Wiley-Blackwell(April 6, 2020)
Language: English
ISBN-13: 978-1119422426
ISBN-10: 1119422426

Description:
Atmospheric Multiphase Reaction Chemistry provides the information and
knowledge of multiphase chemical processes and offers a review of the
fundamentals on gas-liquid equilibrium, gas phase reactions, bulk aqueous phase
reactions, and gas-particle interface reactions related to formation of secondary
aerosols. The authors also describe new particle formation, and cloud
condensation nuclei activity. In addition, the text includes descriptions of field
observations on secondary aerosols and PM2.5.
Atmospheric aerosols play a critical role in air quality and climate change. There
is growing evidence that the multiphase reactions involving heterogeneous
reactions on the air-particle interface and the reactions in the bulk liquid phase of
wet aerosol and cloud/fog droplets are important processes forming secondary
aerosols in addition to gas-phase oxidation reactions to form low-volatile
compounds. Comprehensive in scope, the book offers an understanding of the
topic by providing a historical overview of secondary aerosols, the fundamentals
of multiphase reactions, gas-phase reactions of volatile organic compounds,
aqueous phase and air-particle interface reactions of organic compound. This
important text:
• Provides knowledge on multiphase chemical processes for graduate students
and research scientists
• Includes fundamentals on gas-liquid equilibrium, gas phase reactions, bulk
aqueous phase reactions, and gas-particle interface reactions related to
formation of secondary aerosols
• Covers in detail reaction chemistry of secondary organic aerosols
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Aerosol Information Updates

New Books on Aerosol

Title: Dust, Aerosols and Heavy Haze over
China: Sources, Transformation, Transport,
and Impact on the Regional and Global
Environment
Author: Guoshun Zhuang
Publisher: Springer(August 11,2020)
Language: English
ISBN-13: 978-9811029806
ISBN-10: 9811029806

Description:
This book systematically investigates the characteristics, distribution,
transformation, source and sink of aerosols over typical regions in China based
on long-term observations, revealing that the secondary aerosol, dust, and
biomass burning are the main causes of widespread smog. It proposes that
organic aerosol, sulfate, nitrate and black carbon are the main extinction
components in smog. In addition, it quantitatively determines the influence of
transport on local and regional air quality and argues that traffic emissions are
the triggering factor for the wide range of smog in China. It also demonstrates
the mixing and interaction mechanism of dust with anthropogenic pollutants in
long-distance transport and the air-sea exchange. The research findings and the
large number of first-hand data provided make this a valuable reference
resource for those involved in atmospheric science, especially basic
atmospheric chemistry and aerosol science research.
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Calendar of Events
Date

Conferences

Venue

JUN 8 – 10, 2020

Air Pollution 2020
28th International Conference on Modelling,
Monitoring and Management of Air Pollution
https://wessex.ac.uk/conferences/2020/airpollution-2020

Seville, Spain

AUG 30 – SEP 4, 2020

European Aerosol Conference (EAC) 2020
https://eac2020.de/

Aachen, Germany

OCT 5 – 9, 2020

AAAR 38th Annual Conference

Raleigh, NC, USA

NOV 1 – 5, 2020

6th Indoor and Workplace Aerosols Conference
(AEROSOLS 2020)
https://www.aerosols2020.org/frontend/index.php

Braunschweig,
Germany

JUN 21 – 24, 2021

24th ETH-Conference on Combustion
Generated Nanoparticles
http://www.nanoparticles.ch/index.html

Zürich,
Switzerland

SEP 5 – 10, 2021

European Aerosol Conference (EAC) 2021
(Coming soon…)

Birmingham, UK

SEP 4 – 9, 2022

International Aerosol Conference (IAC) 2022
(Coming soon…)

Athens, Greece

Glossary

Cloud Condensation Nuclei (CCN)

Cloud Condensation Nuclei (CCN) is a small aerosol nuclei that water
vapor condenses on. A non-gaseous surface provides a densely condition to
increase the intermolecular force for gathering the water vapor. The
transition from vapor to liquid water/ice crystal then rapidly occurs when the
temperature reduces. Otherwise, the water vapor would be supercooled for
hours before forming droplets by condensation without CCN. Therefore,
CCN play an important role to speed up the formation of fog, cloud, and
aerosol particles. CCN could be small part of minerals, bacteria, fungi,
microalgae etc.
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