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Clouds are everywhere and at all scales…



Photo from Wynn Bullock

(1-α)S

Clouds have an 

important radiative 

impact.

Clouds also have an 

important hydrological

impact.

P(t)

Both critically important for regional and global climate

Courtesy: S.Sullivan



Clouds play a central role in the 
climate system

Based on J.T. Houghton: “The science of climate change”



Cloud impacts vary alot

http://www.ucar.edu/news



Clouds types in the atmosphere

Pure ice clouds (glaciated)

Liquid-phase clouds

Mixed-phase clouds

(Kanji et al., 2017)

Atmospheric Particles (“aerosol”) are the seeds for cloud formation 

Aerosol/Cloud/Climate interactions are a major source of uncertainty in climate 

projections



Liquid+ice (“mixed-phase”) clouds 
Are very important for climate

30-50% of precipitation 
occurs from the ice 
phase 

Field and Heymsfield, 2015

Mülmenstädt et al. 2015
“…much of what is rain, when it 

arrives at the surface of the Earth, 

might have been snow, when it 

began its descent . . .”

Melting level 



sea-ice

Precipitation at 

mid- and high-

latitudes mostly 

generated from 

the mixed- and 

ice- cloud phase

Mulmenstadt et al . 

2015

Precipitation extremes have 

huge impacts on economy 
and society at large. 

Greek “Snowmageddon”, 28 Jan, 2022



Lets say some 
things about 

aerosols



Aerosol sizes and “names”
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Origins of Aerosol

Primary emissions 
Automobiles, industry, domestic, vegetation, 
forest fires, seasalt, ...

Secondary compounds 
Oxidation of precursors (by O3, H2O2, OH, 
NO3, etc.) generates organic compounds.
Reaction of volatile bases (NH3) with acids, 
dust and seasalt form (NH4)2SO4, NH4NO3 and 
many other salts.
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• The WHO estimates 
that 4.2 million people 
die prematurely every 
year due to ambient 
(outdoor) air pollution.

• Pollutants with the 
strongest evidence for 
public health concern, 
include particulate 
matter (PM), ozone 
(O3), nitrogen dioxide 
(NO2) and sulphur
dioxide (SO2).

Why do we care about aerosols?

They can kill you



Why do we care about aerosols?

They reflect/absorb sunlight & affect climate

Dust and smoke over 
East Mediterranean
(cooling + heating)

Source: NASA Source: Jay Apt (via P.Adams) 

Soot from Kuwaiti 
oil fires

(heating effect)



Atmosphere is a 

major corridor for 

transporting nutrients 

between land and 

ocean.

Anthropogenic 

emissions perturb 

nutrient fluxes 

considerably. 

Large but very 

uncertain impacts 

on ecosystems, 

food, climate

Why do we care about aerosols?

They affect clouds, precipitation & climate



Now let’s switch 
to clouds and 
aerosols again!



How do (liquid water) clouds form?
Clouds form in regions of the atmosphere where there is too 
much water vapor (it is “supersaturated”).

This happens when air is cooled (primarily through expansion 
in updraft regions and radiative cooling).

Cloud droplets nucleate on pre-existing particles found in the 
atmosphere (aerosols)  with ~ 0.1mm diameter. 

Aerosols that can become droplets are called cloud 
condensation nuclei (CCN).

CCN that activates
into a cloud drop

Aerosol particle
that does not activate

Cloud



Wet aerosol

particles

Homogeneous 

Freezing

Multiple mechanisms for ice formation can be active.

250 K273 K

Soluble and 

Insoluble Aerosol

Ice Nuclei (IN)

Mostly dust, soot, 

and biological 

material

Increasing RHi, decreasing T

235 K

Immersion 

Freezing of cloud 

droplets (aw ≈ 1.0)

Contact 

(mostly at 

high T)

Deliquesced -

Heterogeneous 

Freezing (DHF)         

(aw < 1.0; immersion in 

solution, condesation)

Ice crystal 

population

Deposition   

(low RH, low T)

Ice formation mechanisms



Increases in aerosol affects warm clouds
You make clouds that are “whiter”, precipitate less (persist 
longer) and potentially cover larger areas of the globe. This is 
thought to yield a net cooling on climate and is termed as the 
“indirect climatic effect of aerosols”. 

Clean Environment                                               

CCN

Lower Albedo

(few CCN) Polluted Environment
(more CCN)

CCN

Higher Albedo

Increasing particles tends to cool climate (potentially alot).

Quantitative assessments done with climate models.



Rosenfeld et al., Science

Satellite observations of 
clouds off W. Australia.

Red: Clouds with low reflectivity.

White: Clouds that reflect alot. 

Blue: Clear sky.

Observational evidence of indirect effect



Power plant

Lead smelter

Port

Oil refineries

Rosenfeld et al., Science

Wind direction

Red: Clouds with low reflectivity.

White: Clouds that reflect alot. 

Blue: Clear sky.

Air pollution can affect cloud properties

Observational evidence of indirect effect

Satellite observations of 
clouds off W. Australia.



Cloud drop size (mm)

Location: East of Patagonia (South America)

Chlorophyll 

amount

Meskhidze and Nenes, Science, 2006

Natural particles affect clouds too…



Meskhidze and Nenes, Science, 2006

Low chlorophyll period, 

clouds have large drops

(not very reflective)

Cloud drop size (mm)

Location: East of Patagonia (South America)

Chlorophyll 

amount

Natural particles affect clouds too…



Meskhidze and Nenes, Science, 2006

Low chlorophyll period, 

clouds have large drops

(not very reflective)

Cloud drop size (mm)

High Chlorophyll period,

Clouds have small drops

(very reflective)

Location: East of Patagonia (South America)

Chlorophyll 

amount

Natural particles affect clouds too…



Meskhidze and Nenes, Science, 2006

Low chlorophyll period, 

clouds have large drops

(not very reflective)

Cloud drop size (mm)

High Chlorophyll period,

Clouds have small drops

(very reflective)

Phytoplankton emissions 
increase particle loads, and 

strongly impact clouds.

Biology-cloud interactions 
affect radiation in the region.

Location: East of Patagonia (South America)

Chlorophyll 

amount

Natural particles affect clouds too…



Saunders

Montagu

Location: Sandwich Islands , ~55S,~30W

So do volcanoes (even when “sleeping”) …

Gassó et al., JGR (2008)

Volcanoes continuously emit SO2 which becomes sulfate aerosol.
The aerosol can substantially increase CCN in volcanic plumes.
Clouds in the plume are much more reflective than outside.



Aerosols and Clouds
Where we were and where we’re going

(i.e. research about that at LAPI)



Cloud types and phase

http://www.ucar.edu/news

Cloud drops/crystals are not created directly from 

the vapor phase but form upon airborne particulate

matter (aerosol particles)

Mid-level:
Warm/cool

High clouds
(ice crystals):
warm climate

Low clouds
(liquid drops):
cool climate



Aerosol-cloud interaction relationships: 
Major source of climate prediction uncertainty

Empirical 
approaches used….

Large uncertainty 
by not accounting 
for:

• Meteorology

• Cloud microphysics

• Composition

• …

For ice clouds, crystal numbers were simply prescribed
(“tuned”) to match satellite data

D
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e
t 

C
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Aerosol sulfate concentration
(proxy for pollution)

(Boucher & Lohmann, 1995) 



• To act as a CCN, each particle requires exposure to relative humidity above 
a “critical value” (which is > 100%).

• For all this to work, you need to know the composition and size of each 
particle to get the CCN concentrations “right”.

Sub-cloud aerosol

activation zone

drop growth

Wet Aerosol

(Haze)

Cloud Droplet

“Mechanistic parameterization” provide the 
physical links required.

Point of activation

courtesy: R.Moore



aerosol

activation

drop growth

S

Smax

t

1. Calculate smax (approach-dependent) 

2. Nd is equal to the CCN with sc < smax

Algorithm for calculating Nd
(Mechanistic parameterization)

Input: P,T, vertical wind, particle 
size distribution,composition.

Output: Cloud properties (droplet 
number, size distribution).

Mechanistic Parameterizations: 
Twomey (1959); Abdul-Razzak et al., 
(1998); Nenes and Seinfeld, (2003); 
Fountoukis and Nenes, (2005); Kumar 
et al. (2009), Morales and Nenes
(2014), and others.

We have also done the same for ice (cirrus) clouds (Barahona et al., 
2008, 2009ab) and doing it for mixed-phase clouds & secondary ice 

(Sotiropoulou et al., 2020, 2021; Georgakaki et al., in prep 

:

“Mechanistic parameterization” provide the 
physical links required.



Aerosol Problem: Complexity

An integrated “soup” of 
Inorganics, organics (1000’s)
Particles can have uniform 
composition with size…
… or not
Can vary vastly with space 
and time (esp. near sources)

Organic species are a headache
◼ They can facilitate cloud formation by acting as surfactants 

and adding solute (hygroscopicity)

◼ Oily films can form and delay cloud growth kinetics

In-situ data to study the aerosol-CCN link:
Usage of CCN activity measurements to “constrain” the above 
“chemical effects” on cloud droplet formation.

courtesy: S.Pandis



Continuous-Flow Streamwise Thermal Gradient Chamber

Roberts and Nenes (2005), US Patent 7,656,510

Lance et al., (2006), Lathem and Nenes (2011),
Raatikainen et al. (2012)

Metal cylinder with wetted walls

Streamwise Temperature 
Gradient

Water diffuses faster than heat

Controlled cloud in the center so 
you can put any particle and see 
how good of a CCN it is!

Interesting story on how all this happened…

CFSTGC… aka “DMT CCN Counter”



Development phases of cloud chamber
sc

al
e
 =

 1
 m

1st version 2nd version Commercial ver. 

Roberts and Nenes, AS&T (2005)

US Patent 7,656,510



Some locations sampled …

Measured:
CCN, Aerosol concentrations and size 

distributions, and aerosol chemistry

Cloud hydrometeor distributions 

(liquid/ice) and dynamics.

Environments:
Arctic, urban pollution, biomass burning, 

marine aerosol, hurricanes, oil spills, the 

tropics….

The community has obtained a much needed CCN 
climatology over the last 20 years



Some facts: 

• River Styx, back 

entrance to Hades

• Hermes born there

• Achilles was 

bathed by the fairy 

Thetis there and… 

almost became 

immortal.

Deploying these instruments to the “ambient 
laboratory” to study aerosol-cloud interactions. 

Focus on climate hotspots: Mount Helmos, Greece
where mythology, aerosols & clouds meet

Continental

Dust

M
ar

in
e

Dust transportation over 

Peloponnese
(Feb 1, 2015)

Wildfire smoke over Peloponnese 

(Aug 8, 2021)
Images: Google Earth; NASA (https://earthobservatory.nasa.gov)

Alpine forest: source of bioaerosols 
(pollen, fungal spores, bacteria)



Campaign info - http://go.epfl.ch/chopin-campaign
Video channel - https://mediaspace.epfl.ch/channel/CleanCloud/

Where mythology, aerosols, 
clouds and climate meetOct.24 – Jun.25 

http://go.epfl.ch/chopin-campaign
https://mediaspace.epfl.ch/channel/CleanCloud/


Activities and sites

(HAC)2

Cloudwater collector
Sattelite remote sensing
And much more!!!

Tethered balloons  (EERL)

Drones

Amazing set of in-situ and remote sensing observation platforms
Cloud Radars (EERL)



One team – One Dream



Click picture or go to 

https://youtu.be/sfw4_s82Tig 

CHOPIN Documentary 

Teaser

Let’s watch CHOPIN science and researchers 
in action!   

https://youtu.be/sfw4_s82Tig
https://youtu.be/sfw4_s82Tig


Check out all the cool videos @ LAPI Channel

What is CHOPIN? Documentary

https://mediaspace.epfl.ch/channel/LAPI+video+channel

Scientific Photography award by Nature 
CHOPIN Fog Chaser by Lionel FavreWhat is CHOPIN? Springtime

https://mediaspace.epfl.ch/media/What+is+CHOPINF+Documentary/0_juau5b2s/70678
https://mediaspace.epfl.ch/media/Mt.HelmosA+Winter+Beauty/0_fslp1yuk/49307
https://mediaspace.epfl.ch/media/What+is+CHOPINF+-+Springtime+edition%21/0_npt7mswx/49307
https://mediaspace.epfl.ch/media/What+is+CHOPINF+-+Bloopers%21/0_dspzbhch
https://mediaspace.epfl.ch/media/Mt.HelmosA+Fall+Beauty/0_w8e4kiah
https://mediaspace.epfl.ch/media/EGU25+GeoCinema+short+film+on+CHOPIN+campaign/0_p4q4f8rr/49307
https://mediaspace.epfl.ch/media/CleanCloud%20Villum%20Spring%20Campaign/0_63gtmyl6
https://mediaspace.epfl.ch/media/CleanCloud+Villum+Summer+Campaign/0_ho0ujb2z


Global Climate Models: Tools of understanding
- Divide the Earth into small parts (“grid cells”).

- Write equations describing
- Conservation of Energy, Water, chemical constituents 
- Evolution of aerosol size distribution
- Interactions of land/ocean with atmosphere
- … etc.

- Prescribe initial conditions (e.g., climatology).

- Integrate the equations (numerically) over time.



How Computer Climate Models Work

Land Ocean

Example: conservation of energy in the atmosphere



Land Ocean

Wind In Wind Out

Precipitation

Evaporation

Sunlight In Heat Out

Example: conservation of energy in the atmosphere

How Computer Climate Models Work



Land Ocean

Wind In Wind Out

Precipitation

Evaporation

Sunlight In Heat Out

(Energy now) = (Energy before) + sunlight in - heat 

out + wind in - wind out + cloud formation heat

Example: conservation of energy in the atmosphere

How Computer Climate Models Work



LAPI Contributions to Climate Modeling: EC-Earth Consortium Member 
and contributor to many global and regional climate models

CSTACC contributions to EC-Earth include (blue 
means contributions to future IPCC runs)

• - aerosol representation :

• coarse mode nitrate and the 
thermodynamic module isorropia lite

• Brown carbon (BrC), the absorbing 
component of organic aerosol

• K-feldspar & quartz dust minerals with 
ice nucleating properties (INP) 

• Marine organics and terrestrial 
bioaerosols with ice nucleating 
properties

• - liquid, ice and mixed-phase clouds (their 
representation and interaction with aerosols

• - nutrient representation and their 
atmospheric deposition

CSTACC modules for aerosol (ISORROPIA) and 
clouds widely used in other global climate
models (NorESM, CESM, GFDL, NASA GEOS, 
ECHAM-HAM, HadGCM, ICON) & regional
climate models (WRF/Polar-WRF)

Chatziparaschos et al., to be submitted to ACPD, 2022



Data mining & Knowledge Discovery to Constrain Climate Sensitivity

Transient Climate Sensitivity

Take climate model output
Dimensionality reduction (δ-ΜAPS) Network inference (δ-ΜAPS)

Equilibrium Climate Sensitivity

Application of Network Analysis 

(δ-MAPS) to climate model 

simulations reduces the 

uncertainty range of future 

projections.

We developed a “robust” 

emergent constraint the climate 

community needs.  

Ricard et al., Nature Comm. (2024)



Aerosols, Acidity and Impacts
An exploding area of research



Pye et al., ACP, 2020

The Acidity of Atmospheric Particles

https://doi.org/10.5194/acp-20-4809-2020
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SO2(g)

NOx(g)

VOCs

NH3(g)

Oxidation 
H2SO4(p)

HNO3(p)
Org acids (p)

Mineral dust, sea salt

(Na, K, Ca, Mg, etc.)

Acidic

Basic

Emissions & partitioning affect aerosol acidity

Mainly in coarse mode
(Dp > 1 µm)

Fine Mode
(Dp < 1 µm)

Formation of 

aerosol species 

and amount 

depends on 

particle pH

pH varies a lot 

over space, 

time and 

particle size!

adapted from: H.Guo
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𝑝𝐻 = − log10 𝐻+ = − log10
1000𝐻𝑎𝑖𝑟

+

𝐿𝑊𝐶

• No direct measurement of pH is available for single particles in-situ.

• Emerging offline methods – but a long way to go before they are widely used.

• “pH proxies” (ion balance, molar ratios), do not strongly correlate with pH

• Current gold standard we developed: Measurements + modeling 

𝐻𝑎𝑖𝑟
+ , 𝐿𝑊𝐶 𝑢𝑛𝑖𝑡𝑠: 𝜇𝑔 𝑚−3 𝑎𝑖𝑟

Measuring aerosol pH: The problem

Ion balance: NH4
+/SO4

2- Molar ratio:

(Guo et al., 2015)



Comparison of 
predicted vs. 
observed gas-
phase NH3. 

Guo et al., ACP, 2015.

pH constrained by NH3-NH4
+ partitioning

SOAS: (Southern Oxidant Aerosol Study) 6/7, 2013 Centreville, AL (CTR)

54



Acidic aerosol is everywhere
pH varies alot

55
Pye et al., ACP, 2020

https://doi.org/10.5194/acp-20-4809-2020
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Health impacts: Acidity dissolves metals

56

• pH is profound for determining PM2.5 levels.

• Important driver of toxicity – and can explain the association of 
sulfate, soluble metals etc. with adverse health outcomes. 



Dust “aged” in the atmosphere has high toxicity

Dust type

When you “age” dust:
1. Soluble metals increase
2. Oxidative potential 

(toxicity) increases A LOT

HOW DO WE CARRY OUT 
THESE STUDIES?

To
xi

ci
ty

 o
f 

d
u

st
 p

ar
ti

cl
e

s

• Soluble metals appear where acidity is strong (pH low)

• Toxicity related to inhalation of soluble metals 

• Mechanism explaining why sulfates in atmospheric particles is 

associated with toxicity (even if sulfates are not toxic!).



Atmospheric Simulation chambers – having a 
desert, a forest and an ocean …. in the lab

CleanCloud chamber camPaign for studyIng

the cloud-relevAnt properties of Natural 

aerosOl: Patras and Aarhus (PIANO)

Our Greek/Swiss team in action!



Checkout all the videos we have on the 
recent (PIANO) chamber campaign ….

Videos on the LAPI 
Mediaspace

Channel 

Science in the era of the climate crisis: 
us being directly affected by climate 

extremes (wildfires)

https://mediaspace.epfl.ch/media/CleanCloud+PIANO+-+Act+3+-+Seaside+Seaspray+Adventures+%28SSA%29/0_fjoaa9fa
https://mediaspace.epfl.ch/media/CleanCloud+PIANO+-+Act+1+-+Why+salt+and+dustF/0_y94kd6r4/70678
https://mediaspace.epfl.ch/media/CleanCloud+PIANO+-+Act+2+-+Team%2C+Tools+and+Goals/0_lrxa97p8
https://mediaspace.epfl.ch/media/CleanCloud+PIANO+-+Act+4+-+Failure+is+Success+in+Progress/0_qbeyyfw0/49307
https://mediaspace.epfl.ch/media/CleanCloud+PIANO+-+Science+in+the+era+of+the+climate+crisis/0_hvu59xdq


Particle pH affects global nutrient cycles

• Mineral dust is a prime source of P, Fe, Cu to the (offshore) ocean.

• Interaction of Dust with pollution affects their soluble (bioavailable) fraction.

• Aging largely occurs by acidification/dissolution of metal-containing minerals.

Myriokefalitakis et al., Biogoeosci., 2016

(same applies to Fe, Cu) 
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Acidification solubilizes dust P: evidence 

from E.Mediterranean data.

Focus on dust events:

• ISORROPIA (Fountoukis and Nenes, 2007) to obtain 

aerosol pH for in-situ (fine mode) aerosol 

• Express P/Ca vs.aerosol pH (as Nenes et al. 2011)

Sol.P fraction increases 

consistently with acidification 

Violaki et al., in review (2021) 

2016
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Ecosystems respond to increased nutrient 

deposition
Dust deposition event & weak acidity

Deposition

Dust deposition event & strong acidity

Deposition

62 Meskhidze, Nenes et al. (2007)



surface

Fe deposition can profoundly impacts productivity 
and ocean O2 levels – far from deposition region.

63



Fertilization of E.Mediterranean

ecosystems from dust (AQUACOSM-plus).

Characterization of aerosol generated from perturbed 

ecosystems for understanding impacts on clouds.



Because of its effect on partitioning, acidity impacts 
even dry nitrogen deposition – impacting ecosystems

We are now exploring how these deposition pattern changes affect 
plant growth (ReCLEAN joint initiative lead by our lab)

Nenes et al., ACP (2021)

https://doi.org/10.5194/acp-2020-266


Reactive nitrogen at 
the CLimate, Energy, 
Agriculture, water and 
health Nexus

ETH Domain Joint Initiative: 

Website
reclean.epfl.ch

LinkedIn
@ReCLEAN

Aims:

▪ Understand and quantify N fluxes across and within 
compartments.

▪ Assessing the impact of the energy transition and climate 
change on Switzerland's nitrogen cycle.

▪ Make information available to stakeholders and policymakers in 
Switzerland.

▪ Form a new cohort of scientists to foster synergies and bridge 
science with society on the critically important topic of nitrogen.

http://reclean.epfl.ch/


N deposition regimes

67

PAY RIG

BRM

MAG

Deposition regime

HNO3 and NH3 fast

HNO3 slow, NH3 fast

HNO3 and NH3 slow

HNO3 fast and NH3 slow 

• NH3 deposition is predominantly fast, 

suggesting local redeposition in both 

plateau and semi-alpine regions.

Zhang et al., in review



Check out the cool video about ReCLEAN!
Click picture, scan QR code or go here: https://tinyurl.com/mr48wf9x



Other current exciting areas of research



BB influence “phases”:

• Summer/early fall: wildfire 

smoke from isolated events 

that age 0 - 3 days before 

reaching Greece

• Winter/early spring: Fresh BB 

from domestic burning in urban 

areas (Athens, Ioannina, etc.).

• Both constitute unique “natural 

settings” for studying BB 

aerosol over a range of ages.

BB smoke is always present in the Eastern Mediterranean.

Bougiatioti et al., 2013

Biomass Burning: a major aerosol source of great 
influence for our region



Lab Generation & Processing 

ICE-HT/FORTH

Environmental 

Chamber

• Generate fresh smoke from a 

variety of BB types.

• Age aerosol in the ICE-HT/FORTH 

environmental chamber for 

characteristic oxidation pathways 

and atmospheric conditions. 

• Characterize aerosol properties

Parameterization
• Determine optical parameters for BrC.

• Intrinsic ROS activity for each BBOA type

• Volatility distributions for BrC, ROS.

• Factor analysis for BBOA contribution to OA.

In-situ sampling & Processing
• Highly populated urban area 

with fresh BB emissions.

• Remote site exposed to BB 

plumes 0-3 days old.

• Age in-situ BB aerosol in 

portable environ.chamber

• Characterize aerosol properties

Impacts & Implications

BBOA

Ageing

Properties

Impacts 

Finokalia, Crete

Athens, Greece Portable env.chamber

• Lab data used for unraveling ambient data.

• Focus on decay of ROS/BrC and stability of 

chemical markers.

ROS/BrC

ROS activity
Attribution

& Lifecycle

Impacts on

• Climate

• Air quality

ERC PyroTRACH: identify smoke particles and 
their impacts from emission to deposition



BB smoke transforms very quicky at nighttime (in urban centers)

• New chemistry rapidly changes BB 

smoke at night (surprise).

• Inclusion in models explains large 

biases.

• Important impacts on the BB toxicity 

as it ages. 

• Reshapes our understanding on how 

BB evolves over time, especially in 

urban centers and populated regions.



Tsiodra, I., Grivas, G., Tavernaraki, K., Bougiatioti, A., Apostolaki, M., Paraskevopoulou, D., Gogou, A., Parinos, C., Oikonomou, K., 
Tsagkaraki, M., Zarmpas, P., Nenes, A., and Mihalopoulos, N.: Annual exposure to PAHs in urban environments linked to wintertime 
wood-burning episodes, Atmos. Chem. Phys., 2021.

PAHs from BB during wintertime biomass burning episodes

estimated annual carcinogen exposure for Athens

Wintertime exposure dominates annual exposure 
to carcinogens (PAHs). BB is > 50% responsible



As smoke ages: It becomes more TOXIC and LESS Brown overall. The large molecules however REMAIN. 

Wong et al., ES&T (2019).



Other current exciting areas of research



Bioaerosol research: Quantifying airborne 
microbes, their interactions and impacts



Bioaerosol research: Quantifying airborne 
microbes, their interactions and impacts

• Biological particles key driver 

of making ice in clouds!

• Biology forces cloud formation 

and precipitation

(Gao et al., npj Climate and Atmospheric Sciences, 2025)



Atmospheric Lifecycle Studies

• Propidium Iodide (PI) stain: membrane integrity (dead/alive)
• Syto13: DNA stain (identify bioaerosol/DNA)

Modified from Gonzalez et al., 
FCM platform from Melbourne, AU

Syto13P
I

PI

Flow Cytometer Attune CytPix
EPFL, Lausanne, Switzerland

by E.Abboud, S.Gkretsi

Coriolis μ Wet Cyclone 
Bioaerosol Sampler
C.Molina, C.Mitsios, 

K.Kawana

Negron et al., 2020

Flow Cytometry (FCM) analysis of samples: light scattering and fluorescence from particles
Determine populations present, if they are dead/intact, stressed and many more things 

Sample collection

HEMBA Station

Sampling Periods: 
5 Oct.24 – 29 Nov.24
24 Apr.25 -17 May 25

160 Samples collected:
104 from (HAC)2, 2x daily
(64 samples, 40 blanks) 

71 from HEMBA

(HAC)2 Station

• PBL:  1,88 x 105 ± 3,46 x 106 m-3 (72,7% LNA, 27,3% HNA, 27,2% Dead)
• FTL: 9,12 x 103 ± 7,53 x 103m-3 (72,2% LNA, 27,8% HNA, 13,3% Dead)

Bioaerosol research: Quantifying airborne 
microbes, their interactions and impacts



LAPI Bioaerosol Research & Environmental Airborne 
Transmission Hub (LAPI BREATH)

The only facility of its kind currently – that can be used to study “live viruses”,
bacteria, pollen and their properties in a biosafetly level 2 facility.

We have instrumentation that generates particles full of “live” viruses that are
then placed in a chamber facility for studying how indoor air conditions affect
virus infectivity.

We collaborate with the LEV (Prof.Tamar Kohn) as well as researchers
(virologists) from U.Zurich (Silke Stertz), ETH and Emory University to study
virus infectivity, including in animal models.



LAPI BREATH is used for many studies involving airborne 
infectious virus – including testing new virus sensors for 

use in classrooms!



Check out the cool video about the LAPI-BREATH!

Click picture, scan QR code or go here: https://tinyurl.com/bdzcdtxx 

https://mediaspace.epfl.ch/media/LAPI%20Bioaerosol%20Research%20%26%20Environmental%20Airborne%20Transmission%20Hub%20(LAPI-BREATH)/0_r606x96e


Thank you!!

For more information, please visit 
http://lapi.epfl.ch – Linked In

And don’t forget to visit the LAPI video 
channel at http://mediaspace.epfl.ch !


