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Aerosol Cycling and Effects

Primary Emission Deposition

Natural Anthropogenic

Secondary 

Formation

Transformation (Aging)

Cloud Processing

Dry

Biosphere & 
Human Health

 human, animal & plant

diseases

 spread of organisms

Mechanistic understanding, 

quantitative prediction 

& human influence ?

Atmosphere & 
Climate

 radiation & dynamics

 precipitation

 trace gases

Wet

Physical & Chemical

Pöschl  Angew Chem 2005

Biological 

Activity & Feedback
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Atmospheric Particle Size

Diameter (m)

100 pm 1 mm 1 cm

Clouds & Fog

Gas 
Molecules 

Aerosol
Precipitation 

(Rain, Snow, Graupel, Hail)

1.E-10 1.E-09 1.E-08 1.E-07 1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01

Viruses Bacteria Spores PollenProteins

10 cm1 nm 10 nm 100 nm 1 m 10 m 100 m

- coarse -- fine -- ultrafine -

Sulfate, SOA, Soot Mineral Dust, Sea Spray

Aerosols: solid & liquid 
nano- & micro-particles

Clouds, Fog & Precipitation:
dilute aqueous particles

Koop 2011

Pöschl, personal communication

Aerosol – a dispersion of solid and liquid particles suspended in gas (atmosphere)
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Radiative Forcing of Climate Change

 Robust spatial and temporal 
data to validate and improve 
models
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Water cycle and severe weather

more particles  delayed but enhance precipitation
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Research approach and team

Shika S., Hema P., T. Ansari, Aswathy E.
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Planned - Multidisciplinary approach

Laboratory, field, remote sensing, and model studies 
using chemical, physical, and biological techniques
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Prediction of CCN number concentration 
(Amazon vs. Chinese megacity)
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Average campaign 

Average campaign  from chemical 
composition

Rela. Dev. 10-15%

Rela. Dev. 20-30%

A
m

az
on

 r
ai

nf
or

e
st

 (
Pr

is
ti

ne
)

Chinese megacity

• Average chemical composition  10-15%
• AMS derived   15-20%
• Global average for Amazon (=0.3)  40%

• Average size distribution  60%

Precise chemical composition and size 
distribution
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Prediction of CCN number concentration 
(Amazon vs. Chinese megacity)
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Chinese megacity

• Average chemical composition  10-15%
• AMS derived   15-20%
• Global average for Amazon (=0.3)  40%

• Average size distribution  60%

Precise chemical composition and accurate 
size distribution
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Robust size distribution data
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(Aerosol) Pollution scenario over India

• Strong emissions sources over IGP and 
southern coastal India

• IGP Consistent with high concentration

• Lower concentration in southern India

• Role of meteorology and topography

Gunthe et al., to be submitted,  2013; SEAC4RS emission courtesy 

Yafang Cheng, Z. Lu, D. Street, Qiang Zhang, Greg C.
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Rainfall patterns in high and low ADO regions

Modis AOD 555 nm 
(2000-11)

60 years spatial 
correlation; Central 
India and Kolkata
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Sites in South India-I phase of measurements

Shika S. et al., 2013

In collaboration with Max Planck, Mainz ,NARL Gadanki, and CoE Munnar

Semi-Rural Continental Site:
• NARL, Gadanki
• Moderate altitude and rural
• South-west monsoon (and north east)

Urban Site:
• IIT Madras, Chennai
• Coastal (marine)
• North-east monsoon

High altitude Site:
• Munnar (1600 msl)
• High altitude
• Relatively pristine
• South-west monsoon
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Preliminary NPF results from NARL, Gadanki

In collaboration with 
MPIC, Mainz and NARL 
Gadanki

Kanawade et al., 2013
J=3.46 cm-3 s-1
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Gadanki measurements

Preliminary clustering of wind 
direction analysis for Gadanki

Shika S. et al., 2013

Appears to be 
strong wind 
(season) 
dependent
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Size distribution; useful for identifying cloud formation regimes

Shika S. et al., 2013

SEM analysis for 
morphological 
studies

Brasseur et al., 2003
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Pöschl,….Gunthe., et al., Science, 2010; Gunthe et al., Atmos 

Chem Phys, 2011, 2012; Pohlker…Gunthe., et al., Science, 2012 

Identification of Cloud Formation Regimes using Cloud Parcel Modeling; 
Requires Size Distribution 
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Number of aerosols may play an important role in 
deciding the cloud formation regimes under 
different ecosystem

Highly polluted 
(Beijing)

Pristine (Amazon)

Over continental India
Relatively pristine vs. polluted?
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Bioparticle Sampling,  
DNA & Protein Analysis

High abundance & diversity of bacteria, fungal spores & pollen: 

~1 µg m-3, ~104 m-3, ~1-100 µm, >104 species

IN & GCCN: certain bacteria & fungal spores...

DNA:  ~10 ng m-3 DNA , ~100 ng m-3 protein (urban PM2.5) 

 inhalation of ~1 µg/day  ≡ ~108 bacterial genomes/day

Pathogenic species:  permanent challenge for immune system

 infectious & allergic diseases

Despres BG 2007, Fröhlich-Nowoisky PNAS 2009, Huffman ACP 2010, Pöhlker 2011

Fluorescence Detection, 
Microscopy & Spectroscopy

Bioaerosols
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Fisher et al., Nature, 2012

Kai, Science, 2012

Health impacts; plants and animal (including humans) 
and climate impacts

Emerging Infectious 
Deceases

Rodriguez et al., PNAS, 2013

There is no room 
– up and above
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Prenni Nature Geosci 2009, 
Huffman ACP 2010

TSI Inc., 2003

Ultraviolet Aerodynamic Particle Sizer (UVAPS)

 light scattering & time-of-flight:  0.5-20 µm

 fluorescence: 355 nm  420-575 nm

 charact. metabolites: NAD(P)H, riboflavin

 fluorescent bioparticle (FBAP) size distribution:

exemplary time series, Mainz 9-16 Oct 2006

Accel.

Orifice 

Nozzle

Diode Laser 

Beams

UV Laser 

Beam

Scattered

Light 
Scatt.

Intens.

Time-of-Flight (ToF)

~15 µm: Pollen ?

~ 3 µm: Fungal Spores ?

~ 1 µm:   Bacteria ?

< 1 µm: Soot/PAH ?
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Number size distribution of fluorescence biological particles

Aswathy et al., 2013

Marine (Chennai) vs. Continental (Gadanki)
First measurements in India
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Statistical distribution of total and biological 
number concentrations

Factor of 3 variations More consistent

Gadanki exhibited consistency in total as 
well as bio aerosol number concentration



EWRE Division
Dept. of Civil EngineeringIIT Madras

Average number ratio of biological to total aerosols

Amazonia
Mainz

Chennai

Gadanki

Huffmen et al., 2012

Aswathy et al., 2013
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Complimentary offline techniques

Literature 
and 

sampled in 
Chennai

DNA Analysis is 
necessary to 

identify type and 
quantify the 
diversity of 

biological fraction 
in air

Aswathy et al., 2013
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Satellite measurements

High spatial and temporal coverage

Efficient in identifying measurement sites

Bioaerosols

Fluorescence online measurements; DNA analysis; SEM  analysis, and Fluorescence 

microscopy

Challenges: IN & GCCN activity, biodiversity & global change, 

effects of air pollution on viability & pathogenicity ?

Cloud Condensation Nuclei

Aerosol & updraft limited regimes of CCN activation & cloud droplet formation

Need: size-resolved CCN measurements ?

Under contrastgin enviroments-simultanously

Composition & Properties

Interactions & Transformation Climate & Health Effects

Sources & Formation

Summary & Outlook


