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In Japan Prof. Isono firstly studied KOSA particles and 

discussed the mineralogical feature, and suggested 

the large potential as ice nuclei using electron-

microscopic technique.
(Isono et. al, J. Meteor. Soc. Japan, 1959; Tellus, 1971)



(Isonoet al., 1971, Tellus, 23, 40-59)
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This picture is an important trigger to 

consider the effect of long range transport 

of Asian pollutants 
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Asian dust attracts large interest of investigators

2000- 2001 2004 International project of ACE - Asia was
made, and many investigators operated their particle collector

at many observational sites.
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Arid region of the Asian continent 

makes lots of atmospheric dust particle 

Westerly wind is dominant

In north-east Asia 

Seoul

Long-range transport of dust particle 

disturbs the urban atmosphere of big 

cities



KOSA



Depolarizati

on Ratio

Scattering 

Ratio

Those measurements were made by Dr. Kwon et al.

(Kwon et al., Atmos. Environ.,1997, Matsuki et al., JGR, 2003)



Observed seasonal change in the vertical
structure of coarse (D 1µm) aerosols over

Japan . Relative seasonal change in the total
number of coarse particles is shown as 100 %
being the mean value for spring . Fractions by
different particle types are superimposed .
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Balloon and Air-craft borne measurements showed

Large effect of westerly wind on global diffusion of KOSA
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Å transportation
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Å 1995Balloon system 

was modified for 
downsize

Å 1999 Dust operation 
started



Balloon-train

Positioning of sampler

is made

by GPS

Letôs consider

advantage of balloon

measurements



For single particle analysis, particle 
collector system should be recovered!!



Westerly becomes 

clear

above about 5km



1/19/2016

8 / 29

0

4000

8000

12000

16000

20000

0.0001 0.001 0.01 0.1 1 10 100

Number Conc.  cm-3

A
lti

tu
d

e
, 
m

>0.3ȉm

>0.5ȉm

>0.8ȉm

>1.2ȉm

>3.6ȉm

2001/10/17

0.001

0.01

0.1

1

10

100

1000

0.01 0.1 1 10 100
Diameter, mm

d
N

/d
lo

g
D

, 
c
m-3

Boundary layer

2.6-3.6km

3.8km

5-6.2km

6.4-7.6km

B
B

2001/8/17

0.001

0.01

0.1

1

10

100

1000

0.01 0.1 1 10 100
Diameter, mm

d
N

/d
lo

g
D

, 
c
m-3

Boundary layer

4.2-6.5km

6.5-7.5km

8.6-9.6km

10.2-11.4km

A

2002/1/11

0.001

0.01

0.1

1

10

100

1000

0.01 0.1 1 10 100

Diameter, mm
d

N
/d

lo
g

D
, 
c
m-3

boundary layer

3-4km

4.3-5.2km

5.6-6.2km

6.3-7.2km

8-10km

C
2002/4/30

0.001

0.01

0.1

1

10

100

1000

0.01 0.1 1 10 100
Diameter, mm

d
N

/d
lo

g
D

, 
c
m

-3

boundary layer

2.7-3.2km

3.3-3.7km

3.9-4.6km

4.6-5.5km

6-8km

D

2002/8/27

0.001

0.01

0.1

1

10

100

1000

0.01 0.1 1 10 100
Diameter, mm

d
N

/d
lo

g
D

, 
c
m

-3

boundary layer

2-3.6km

3.6-5km

5-6.5km

6.5-8.2km

E

Particle concentration is measured by Balloon-

borne OPC and balloon-recover is not always 

necessary
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Vertical Profiles of Aerosols Measured by Lidar 

at Dunhuang  (Iwasaka et al., JGR, 2003)

Those data clearly

show dust particle 

diffusion up to

about 5-6km height

at arid areas of 

Asian continent  
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This causes
Background KOSA



Coarse Particles in the Free 

Atmosphere,3-5km at Dunhuang in 

summer of 2002
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Fine particles also were collected

Electron micrograph of individual particles collected in the free 

troposphere between about 3km and 5km over Dunhuang, China.

Both fine particles (a) and (b) are ammonium sulfate.



Typical electron micrograph of collected particles in spring  in 

the range of 3-7km. 

(a) Si-rich particle, (b) Ca-rich particle. The Ni* peak is due to 

the Ni grid used inside the collection surface

5ɛm

10ɛm

0 1 2 3 4 5 6 7 8

X
-r

a
y
 c

o
u

n
ts

X-ray emission (keV)

C*

SiAl

O*

K Ni*Ni*

(a)

(b)

0 1 2 3 4 5 6 7 8

X
-r

a
y
 c

o
u

n
ts

X-ray emission (keV)

C*

O*

Si Ni*

Ca

Ni* Al Ca



┼─ ⁸ ⌐ ∆╢
(e.g., Griffin et al., 2001; Prospero, 2005; Kellogg and Griffin, 2006)

≤⇔≡ ╛ ⌐
(e.g., Maki and Wiloughby, 1978; IPCC, 2001; Möhler et al., 2007)

Ᵽ▬○◄▪꜡♂ꜟ─ ⌐╟╢

Ᵽ▬○◄▪꜡♂ꜟ

≤⇔≡─

ϴ
Shenell and Vali, 1972

ϴ
ϴ

(Isono et al., 1959)

Möhler et al., 2007

ф ҃



IPCC 2001 report suggested the possible contribution of 

micro biota to climate/environment disturbance
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Bioaerosols seem to have large potential affecting global 

environment.

Water cycle

Biogeochemical cycles 

Knowledge desired now

1. Vertical changes in Mixing ratio of bioaerosols to total 

particles

2. Size dependence of bioaerosols (and Mixture)

3. Behavior of those particles in the free tropsphere is 

important



SEM-EDX ( Dp>1um)

Mineral dust particle Bacteria-like particle

~ 99% (149/150)

Only one particle (1/150)

1 um

1 um

1 um

(>1um):  N = 150
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(d>1 um, 700m, Aug.17, 2007)

(d>1um)
(d>1um)

2.5 x 103 /L 100 % 10 % 2.5 x 102 /L

│⁸ 6km ╡ ╕≢ ⌐

Dp>1.2um
─◄▪꜡♂ꜟ

(Dp>1um)

─♃▬ⱪ

0% 20%40%60%80%100%

85%

─



KOSA- Bioaerosol collected at 
Dunhuang: DAPI Treatment

5 ɛm

2007 700 m

1900 m

Strong Fluorescence Light is observed on Dsut Particle 
Surface

Maki et al.

, 

Fluorescence light 
spots show DNA
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Most recently various kind of bioaerosols (new type 

aerosols) were identified on the basis of modern biological 

technique: 
Some investigation suggested that micro-organisms are played as 

effective ice nuclei and/or condensation nuclei. However, those 

investigations are strongly suggestive, and there are lots of scientific 

problems. Addition to those, existence of such kind of biology possibly 

controls nature of atmosphere and we possibly have to make new 

type concept and/or definition.



Westerly 

wind



How to collect aerosol at high altitude.
Comparison of bacterial species 
among sampling sites for elucidating 
the long-range transport of KOSA 
bioaerosol.
Sampling sites

Dunhuang

Desert

Suzu

Aircraft investigation

Balloon
investigation

KOSA 
particles are 
recorded in 
the snow 
layer until 
spring.

Mt. Tateyama

Dynamics 

Horizontal distribution

Vertical
distribution

Tateyama

ה Isolation of atmospheric microorganisms.

ה Analysis of microbial species composition.

ה Understand the microbial characteristics.



Air sampling in Kanazawa (2011 May)

Date 2011 May 1 - May 7

Site Roof of Kanazawa Univ.

Altitude 10 m

Method Collection on 0.2µm  

pore size poly                

-carbonate  filter

Rate 700 L/h

5/1
4:00 16:00 5:00 20:00 8:00 19:00 8:00 20:00

5/2 5/3 5/4 5/5 5/6
8:00 20:00 8:00 20:002011

Non dust eventDust event



On buildings

1

Ŷbelow

Insert to a sampler

Input
Ŷupper

Each sterilized tube 
including two filter folders

Bioaerosol sampling on buildings (5m~10m)



Microbial  abundances are determined using microscopic 

observation with fluorescence dye staining.

Sampling method & Approach 

Aerosols

Sampling

Formaldehyde
           & DAPI solution

Filtrated

Purewater

Staining
Move of a filter 

Slide glass Oil
Cover glass

Epifluorescence 
microscopic 
observation

Wash

Oil



Bacteria Aggregates

Yellow particles

White particles
10 um

Microscopic observation
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Asian dust

White particles

Bacterial particles
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8:00  

NON dust eventDust event
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Changes in particle in concentrations



xv

Extraction of genomic DNA

16S rDNA clone libraries 

PCR targeting 16S rRNA gene

Heterogen
ous rRNA
gene⁹⁹

E.coli

Cloning each rDNA product are transformed to E. coli.

Determination of sequence of each clone

Analysis of species compositions comparing the sequences.

Plasmid

Bioaerosol on filter were washed by liquid solution of 0.6% NaCl solution.

0.6% NaCl

solution



4:00     16:00     5:00     20:00      8:00     19:00      8:00     20:00     8:00     20:00     8:00     20:00      

8:00  

Transported bacteria
B.  subtilis 
Staphylococcus sp.

Non dust event

5/2 5/3 5/4 5/5 5/6

Dust event

W

5/1

W W W W W W N N N N N

5/7

N

Local originCold 
environmental 
species

Bacterial species dynamics during Asian dust event

Eukaryote

Synechococcussp.

Cyanobacteriaothers

Propionibacteriumsp. 

Actinobacteriaothers 

Bacillus subtilis

Bacillus megaterium 

Bacillus sp. 

Staphylococcussp.

Clostridium sp. 

Firmicutesothers

Bacteroidetes

SARclade 

Sphingomonassp.

Stenoxybactersp.

Stenotrophomonassp.  

Neisseria sp. 

Proteobacteria others

Others

> 30 clones for each sample

Marine 

cyanobacteria
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Avoid local 

contamination

Direct sampling

in atmosphere
Westerly 

wind



Aircraft



Sampling cource

Air sampling at 2000m ₩ 3000m

Collection on 

0.2µm pore size 

polycarbonate 

filter at rates of 

700 L/h using 

air pump.



Air sample collected at 800m ₩ 1000m



Snow cover at Mt. Tateyama

The snow layers are expected to include high 

amounts of KOSA particles 


