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In Japan Prof. Isono firstly studied KOSA particles and
discussed the mineralogical feature, and suggested
the large potential as ice nuclel using electron-

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



Fig. 11. Iee nucleus on 14 February at Nagoya
(kaolin mineral),

On days with low ice nucleus concentrations,
particles which are considered to have origi-
nated from sea sprays are found. Figs. 15 and 16
show such particles. The shapes of the particles
and the round tracea or residuals of evaporated
wator droplets around them suggest that they
acted as giant condensation nuclei and that
water droplets which formed on them grew to
sizes large enough to be collected by the im-
pactor. The particles in Fig. 15a gave rings of
Nall as shown in Fig. 155, whereas particles
in Fig. 16 a gave those of CaSO, and CaCl,. One

KENJI ISONO ET AL.

3.

Fig. 12. lco nucleus (clay muneral) on 25 January at
Nagoya.

of the authors (Isono, 1959) found by the elec-
tron diffraction method that particles of dif-
ferent compositions formed when sea water was
sprayed. Particles of sea salt constituents were
commonly found in maritime air from the Pa.
cific Ocean in Nagoya.

(Isono et al., 1971, Tellus, 23, 40-59)



This picture Is an important trigger to
consider the effect of long range transport
Asian pollutants

~N

lwasaka et al. (Tellus, 1988)
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Fig. 7. KOSA particle coated solution containing SO3~ (A, B, C and D). These particles were sampled at 4350 m
during the flight of 23 April, 14:00-16:00 LT. Electron micrograph under the weak electron beam (left) and that
under the strong beam (right). Faint CaSO, dots produced from Ca and SO~ in solution on the particle surface are
observed around particle A. After the radiation of the strong electron beam, unknown volatile material evaporated
from the particle surface, Particles B and C were also coated with solution. However, the trace of the solution does
not clearly show the existence of SO,. The electron microgram taken under the strong clectron beam showed that
the particle D was composed of two different particles. This suggests that there is a possibility of coagulation
between KOSA particles and other types of particle in the atmosphere.

lwasaka et al. (Tellus, 1988)
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Isian dust attracts large interest of investigator

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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Westerly wind is dominant
In north-east Asia

Arid region of the Asian continent
akes lots of atmospheric dust particle

Long-range transport of dust particle
disturbs the urban atmosphere of big
cities
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Figure 9. Seasonal change in the vertical profiles of the scattering ratio at a laser wavelength of 1064
nm (top panel) and the aerosol depolarization ratio at 532 nm (bottom panel) derived from a series of lidar
measurements in Nagoya (35°N, 137°N) during the period of March to August 1994, Tropopause heights
are indicated by white horizontal lines in the top panel. A vertical line divides the spring and summer

R Those measurements were made by Dr. Kwon et al.
(Kwon et al., Atmos. Environ.,1997, Matsuki et al., JGR, 2003)




Balloon and Air-craft borne measurements showed

L_arge effect of westerly wind on global diffusion of KOSA
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Observed seasonal change in the vertical
structure of coarse (D > 1um) 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



80°E 100°E

120°E 140°E
T L = i | e
] _i"r P ,r._:.-;‘.‘:_"-\%’:.%l_ 5
v - | ol . e - ol 7
N __.a-""_ . - = o 3 ' . _-':' o i
sl ik ) .
i a‘-l‘:'--_.L —= : : e = : _
s e T b s Fos ;
o =4 F I } ' el i i
o b gy T | 1 s

e Dust source

« Long-range

* {ransportation

« Background KOSA

« 1995Bal loon system
was modified for
downsize

1999 Dust operation
started



Let's consider

Ealloon

_— advantage of balloon

atche

reel \ measurements

Rope "

cutter =
e tom Balloon-train
Alutomated
Impactor sampler ... .
with GPS 9kg Positioning of sampler

IS made
by GPS




For single particle analysis, particle
collector system skt ] _be_recovered!!
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Westerly becomes
clear
above about 5km
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Fig.6 Wind speed and direction deduced from analysis

of the balloon trajectory.



Particle concentration is measured by Balloon-
borne OPC and balloon-recover is not always
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Vertical Profiles of Aerosols Measured by Lidar
at Dunhuang (wasaka et al., JGR, 2003)
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Atmosphere,3-5km at Dunhuang in

oarse Particies in the

X-ray Counts

X-ray Emission (keV)
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Fine particles also were collected
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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 partlcle (b) Ca-rich particle. The Ni* peak is due to

inside the collection surface
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IPCC 2001 report suggested the possible contribution of
micro biota to climate/environment disturbance

Example 5: Pollen

Size: around 3 to 100 um

Sources: plants and vegetal material

Appearance: many different shapes.

Lifetime: hours to days. Pollen are
effectively removed by
precipitation

Other properties :
- little water soluble
- health problem for persons
suffering from allergies
(hay fever).
- Ice nucle1 ?

Fig. 1.28 Pollen
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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
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KOSA-Bioaerosol collected at
Dunhuang: DAPl Treatment

Fluorescence |ight

J

Strong Fluorescence Light is observed on Dsut Particle
Surface

200745008 (b E700 m : {E Makietal., 2

00838,
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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.







How to collect aerosol at high altitude.

Comparison of bacterial species
among sampling sites for elucidating
the long-range transport of KOSA

Sampling sites Qr?g}

Dynamics
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- Isolation of atmospheric microorganisms.
- Analysis of microbial species composition.
- 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 0.2um

pore size poly
-carbonate filter

Rate : 700 L/h

2011 400 1600 500 2000 800 1900 800 2000 800 2000 800  20:00

5/1 5/2 5/3 5/4 5/5 5/6

Dust event Non dust event




Bioaerosol sampling on buildings (5m~10m)

«y
" Insert to a sampler




Sampling method & Approach

Aerosols Formaldehyde
e oo & DAPI solution  Purewater

ERACACK / /

& &

—_— _ —_—

To laboratory || After 1 hr incubation, Filtrated
solution 1s filtrated.

s (N

: .. Move of a filt
Sampling Staining Wash Y et

Cover glass

Slide glass Epi
pifluorescence
™ ol </ — g —— Mmicroscopic
— observation

Microbial abundances are determined using microscopic
observation with fluorescence dye staining.




Microscopic observation

Yellow particles

10 um White particles

Aggregates




Changes In particle in concentrations
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16S rDNA clone libraries

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

GBS Heterogen
\ i . _ ous rRNA
[Extractlon of genomic DNA J gene, o
0.6% NaCl -> — \ —
e — >J [PCR targeting 16S rRNAgene | =—

Cloning : each rDNA product are transformed to E. coli.

~ ~ Ye) & 0O)
' ~ — _
Plasmid ~ C E.coli [% ] [% C ]
: Determination of sequence of each clone J

(Analysis of species compositions comparing the sequences. J




Bacterial species dynamics during Asian dust event

Marine Transported bacteria Cold | Local origin
: B. subtilis environmenta
Cyanobacteria Staphylococcus sp. species > 30 clones for each sample
100 Z . Eukaryote
90 . Synechococcus sp.
. Cyanobacteria others
80 O Propionibacterium sp.
70- D Actinobacteria others
. Bacillus subtilis
60

. Bacillus megaterium

30 (7] Bacillus sp.
D Staphylococcus sp.

Ratio of clone numbers (%)

40
D Clostridium sp.
30 0 Firmicutes others
20 . Bacteroidetes
ARCcl
10 . SARclade

. Sphingomonas sp.

0

4:00 16:00 5:00 20:00 8:00 19:00 8:00 20:00 8:00 20:00 8:00 20:00 .Stenoxybactersp.
5/1 5/2 5/3 5/4 5/5 5/6 5/7 | [[] Stenotrophomonas sp.
. Neisseria sp.

Dust event Non dust event

D Proteobacteria others
D Others

W W W W W Y W N N N N N N




Westerly Plrect sampling
wind = /In atmosphere

Avold local
contamination

T




Aircraft




Air sampling at 2000m ~ 3000m

Collection on

0.2um 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 KOSA particles
1 were recorded in the
| show cover until

A Snow”)f A weases) - SPING S€ASON

D %0 oo srer | KOSA layers

The effec ofhe boagrosalon the. |+ Mt Tateyama

(
l(()

biogeochemical system has to be
investigated in the parts of Asia are

The snow layers are expected to include high
amounts of KOSA particles



Snow cover sampling (Mt. Tateyama, Murododaira)

Snow surface 660
1 654-A
= 560-B
= 550-C
3]
>
(@)
O
=
@)
c
0))]
250-control
. 2 P, . Ground surface 0
'Om . 1 (Cm)
at dep | o i | Layers B and C contained Ca

at high concentrations of 3.3
mg/L and 1.2 mg/L,
respectively, while Ca were
| not detected from the snow

samples of control layer and
Layer A.

Sampling dates
2008 April 16
2010 April 16




Baloon sampling (Dunhuang City, Suzu Clty)

80°E 100°E

LongEIange transpor? .
50°N . of KOSA

Taklamakan Gobi Des.
40°N Des. |:| ® Loess
Plateau
o

N Dunhuang

— )
(40 0° N 9 Suzu

Aerosol sample was
collected at heights of
800 m using an air
pump with 0.2 um
membrane filter(200 m

®)

Atmosphere

Dunhuang 800 m
2007 August 17
13:15~14:15
Suzu 800m
2008 May 7
11:00~12:00







Air Sampling at 10m

Metrological Department ..
in Dunhuang city '







Sampling in Dunhuang and Kanazawa

Noto Peninsula (Arrival)
[AicraftSOOOm

—— o ————— )

_.‘__

N

Dunhuang (Source)




Approach for analyzing bacterial communities

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

D

Culturable bacteria <1% sjp- Bacterial gDNA is analyzed
J

~

PCR: Amplification of 16S rRNA genes

|

/—C’rone library

\ i il Extraction of genomic DNA
.6% * .
Eo?u/'cicl)\rl1aC| ’\_ > I
| [
[Stain using DAPI }
* Pyrosequencing  ——
Microscopic h ‘ PCR I
observation ono beads  2mPification ir11 tfiifu

-

>1000 reads (ca. 400bp) of
each samples were

@QQ transformation @ \@\
©co = 50
Insert Clone (E.coli)

toT-

t
16S DNA fragment (ca.1,400bp)
inserted in >50 clones

determined using Roche 454.

v

Analysis of bacterial
compositions

Qvere determined

v

Phylogenetic
analysis

)

J



Changes In particle in concentrations
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Bacterial structures in atmosphere over Dunhuang and Suzu

43607 25407 12143 12375 14,087 (read) .
| — - Class’ >400species

Marine bacteria
Synecococcus sp. Alphaproteobacteria |:| Deinococci

Genus Bacillus dominate

[EEN
o
o
|

oo
o
|

I Cyanobacteria
I Actinobacteria
[ Bacilli

I Clostridia

[ Flavobacteriia

(@)
o
|

D
o

Sphingobacteriia

J o-proteobacteria
[ B-proteobacteria

Mixture

I

[ Y-Proteobacteria
] Chloroplast

Relative abundance of 16S rDNA sequences (%)

o

3800 10 3000 1000 10 (m) others
Taklamakan des. |[Noto Peninsula
(Dunhuang) (Suzu)




Long-distance transport of Bioaerosol

Bacterlal Composmons
Chma e R

i J KOSA

Tr ansformahon of micorbial population

to the atmospheric area
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"Bioaerosol may
impact
environmental
ecosystems and

human socleties.
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Phylogenetic tree of Bacilli

Clones obtained
from Dunhuang

Clones obtained
from Noto Peninsula

0.1

— Acidobacterium capsulatum (AB561885)

Staphylococcus hominis (AJ717375)
S. hominis GPL6 (FJ768458)
Staphylococcus sp. SRC_DSF7 (GU797289)
12Szp6, 15, 32
11Dhpl
Bacillus megaterium HN16 (EU373355)
125zp42,74,92184,193
B. megaterium S9 (GQ889260)
B. megaterium PRE9 (EU880506)

B. megaterium GMX5 (AM910818)
B. megaterium (DQ789400)

B. pumilus PRE14 (EU880532)

B. pumilus (EU379272)

B. subtilis (KC542358)

B. amyloliquefaciens (GU125644)

B. licheniformis strain H3 (FJ713021)
12Szp36, 39, 52, 67, 126, 222

B. subtilis (JF412545)

‘1252p7,17

11Dhp2, 3, 4
B. subtilis CU12 (JX489167)

|B. subtilis FS05 (JQ403532)

Bacillus sp. ET (JQ513865)

- B. subtilis isolat 1L4 (DQ989210)
B. subtilis strain N5 (DQ452510)
B. subtilis CYBS-18 (Q361067)

[ Brevibacterium halotolerans (X644589)
B. mojavensis (AM948970)

SNJ209
-0jAydels

dnoub
wniiarebaw g
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Bacterial population should be focused

From Desert area From coastal area

Terrestrial Bacteria Terrestrial Bacteria
Bacillus subtilis el Propionibacterium sp. »
Staphylococcus sp. %
New focus!
Corynebacterium sp.
Mycobacterium sp.
Cytophagaaea members |

The members of Firmicutes
Proteobacteria members
Actinobacteria members

Terrestrial Bacteria
Bacillus megaterium
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Phylogenetic tree based on 16S rDNA sequences
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Genus of Staphylococcus group : Pathogen for
animal and human.

Bacillus cereus :  Pathogen for human.

Bacillus subtilis group : Opportunistic
pathogen for human and plants.
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Negative effects of bioaerosols
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Asian dust events carry some allergen, such as mineral
particles, chemical compounds, and pathogen, in the

_ atmospheric area.




Positive effects of bioaerosols
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Evaluation of Poly-gamma-glutamic acid

Sticky and stringy caused by
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Comparison of sticky among bacterial strains
s| 37 (33 38) Sk 39 (39 42)

These bacteria were isolated
at the altitude of 3000m over
Suzu city




Natto producing with Kinjo Natto
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Japanese traditional health food “Natto”
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Location : Restaurant in Kanzawa Univ., Store In

Ishikawa Prefecture in Japan, et al.
Start Date : From 10 July, 2012 (Natto day)
Price : 50 yen/1 piece, 100 yen/2 piece
Products : 5000 piece/month



Japanese traditional health food “Natto”
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Location : Restaurant in Kanzawa Univ., Store In

Ishikawa Prefecture in Japan, et al.
Start Date : From 10 July, 2012 (Natto day)
Price : 50 yen/1 piece, 100 yen/2 piece
Products : 5000 piece/month
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Induction of allergy

Dust particles
+ Bjerkandera
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Bioaerosol & Food cultures

[ Natto }

Bacillus subtilis ferments soybean. There is also natto food
“28x"in China.

[ Shiokara}

Components of squid are fermented by the autolysis, and
the genus Staphylococcus related to the make of Umami.

[ Fish Sauce (Shotturu, Ishiru)}

Protease produced by halophilic Bacillus and Ocean
Pseudomonas induce the mature (Soujou).

Atmospheric microorganisms (Continental origin) may support
to the fermentation of Japanese traditional ferment foods.
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In this lecture
We discussed new style concept of life ,
especially for bioaerosols
and
Possible system of balloon borne lidar is
discussed as the observational tool
desired for bioaerosol research.

Thank you for your attention!



