Q)]
2018 2020

Origins and ice nucleating abilities of bioaerosols in the marine atmosphere:
Links among ecosystems, chemical substances, and clouds explored with
fluorescence properties

KANAYA, Yugo

34,100,000

MR18-06Leg4, 19-03C
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We comprehensively measured atmospheric fluorescent bioaerosol particles,
ice nucleating particles (INPsg, and ocean-surface biological activity indices during the
MR18-06Leg4, 19-03C cruises of research vessel Mirai. In the Central Pacific, number densities of
the bioaerosol particles positively correlated with the product of plankton-derived acidic
polysaccharide TEP or bacteria and wind velocity, indicating their generation from uplifted
ocean-surface substances. Number densities of INPs during the Arctic cruise correlated with
fluorescent particles and with chlorophyll-a, TEP, and protein-like substance CSP, after accounting
for wind speed, strongly suggesting links between the ocean substances and cloud processes. Our
atmospheric chemistry transport model simulations supported the results. We also identified cases
from past arctic cruises where terrestrial forest fires dominantly affected; therefore, effects from
both terrestrial and marine-origin substances need to be evaluated.



2~5

INP
D
Bioplorer DAPI
Hoechst
WIBS-4A 2um
PSL lo RIy
9 280nm 310-400nm, 420-650nm
TypeA,B 370nm 420-650nm TypeC
AB, AC, BC, ABC
Mini-MOUDI
CRAFT Tobo, 2016
CRAFT
Tobo et d., 2019
TEP CSP
HPLC
EC/OC
a(Chl-a)
e EEAN ;
T ] oo :
(Ito -
et al., 2020)
36 311 3/16 321 3i26
Date, 2019UTC
B : D —
(Ito et al., g o | g,
2021) £ i '
i b u"

30
T T T 1 T T T 1 T T
50 100 150 200 25050 100 150 200 25050 100 150 200 250
Longitude Longitude Longitude

1. MR18-06Leg4 MR19-03C



)

MR18-06L eg4 2019 3 6 25
MR19-03C 2019 9 29 11 10
1 MR18-06Leg4
P1, 3/6-18 (P2, 3/19-24)
1 PM2.5 P1
38%, 30%, 25% P2 48%, 18%, 26% 3/12-14
(EQ) (NP) (KR)
MR19-03C (P1:9/30-10/6, P5:11/3-7),
(P2: 10/7-9, P3:10/28-11/2),
(P3; 10/10-27) 1 P1 P5 15-22% 28-48%
P2, P3 76-88% P5
Cat
(1)MR18-06Leg4
MR18-06Leg4 WIBS-4A
P1 lusnc; IL( 1.3%) %] [+ Bomomt %
) 1 | -4=-Type A —-—Type B -&-Type C -A -Type (A+C)| [
2 WIBS4A Type w0d o Lo o
A B C 2a TypeAB AC 1 3 o
BC ABC 2b 30 Fo &
Bioplorer DNA 1 2 S
2 20 ) i
1 o
PL 2 § 10 - Lo =
TypeA B C @ & o
R>0.80 m 0_l-i&num.u||...-.....|................,.|"0 csn
\S/ILBAS-L‘-A % : _: A Bioplorer [ @
a 1 ‘ Type AB——Type AC—~—Type BC—4—Type ABC| [ -8
% 1w ]
WIBS-4A T -3
3] L300~
] A | =
] L
2a  WIBS4A Type 2 %
A B C Bioplorer 1_ R 10
2 o1 1 MabE— [
Type 36 31 3116 321 326
AB, AC, BC, ABC WIBS Date, 2019/UTC
4A Bioplorer 2. WIBS-4A
Bioplorer
30
2
2
Chl-a CSP 2 KR EQ
TEP EQ KR
Chl-a
TEP
Chl-a CsP
TEP
TEP R 04
TEP
TEP/Chl-a NP
TEP
CSsP KR Chl-a R: 081 CSP TEP
R:0.43 CSP TEP
(WS) WIBS-4A

TypeA+C R:0.80 TEP



R:0.85 TypeB R 0.83

WS TEP R 092 Type B WS R 036
R -026 TEP R -0.62
TEP
TEPs
P1

y TypeA B C AB AC BC ABC
3

y (/L) = (0.076+0.014)x[TEP, ug XGeq LxWS (m s%) + (5.4+4.1) (R: 0.88) (1)
y (/L) =(0.0052£0.0013)x[ , cell uLxWS (m s2) + (9.3+4.8) (R: 0.80) (2)

y (/L) =(20.0£19.0) - [Chl-a, mg m3] - WS (m s1) + (0.29425) (R: 0.47) (3)

20 H

Bioaerosol
Number conc., (#/L)

10 Ei ZTg}gfﬁ;o_omy 10 & . 59‘(3053935)&0'0013))( 10 N X?O_(ggt.g«_;;&mx
R:0.88 R:0.80 R:047
ot 0 | T | T |
0 200 400 600 0 2000 4000 6000 0 1 2 3 4 5
TEP * WS (ug XGeq L)ms™) Bacteria * WS (cells L") (m s™) Chl-a * WS (mg m ™ )(ms ")
3. ©)) TEP
() (c)Chl-a
[TEP] [ ] [Chi-a PL TEP Chl-a
Chl-a
TEP Chl-a TEP
3 1 2
Kawanaet al. (2021)
(2)MR19-03C INP
MR19-03C Chl-a 1.0mg/m? TEP
CSP
70°N 10/9-10, 10/28 Chl-a, TEP, CSP P2-4
WIBS
MR18-06Leg4 1-2.5um 2.5um
(R=0.77 086) 1
(R=0.42 0.71)
INP P2-4 Ninp-30°c 2-22
/L INP NINP,-24°C 1—2.5pm 2.5um
0.6-0.8 TypeA, B
INP P1, P5
INP
TEP, CSP, Chl-a  Ninp-24°c 0.74, 0.79, 0.74
Ninp-24°c
MR19-03C Mini-MOUDI 0.056
10pm
Tum
(MR16-06; 2016 8 22 10 5 )

INP 9



1. MR19-03C P2-P4
FL particles
TypeB TypeC TypeAB TypeBC  TypeABC
FL FL TypeA
1-250m  >2.5um (Zggum) (>25um)  (>25um) (>25um) (>25um) (>2.5um)
Arctic-Bering
TEPx WS 0.86 0.68
CSPx WS 0.77 0.46
Chl-ax WS*  0.79 0.55
Ninp -18c 0.45 0.65 0.36 0.62 0.09 0.36 0.51 0.34
Ning -2ac 0.79 0.68 0.58 0.70 0.44 0.39 0.37 0.62
Ninp -30c 0.64 0.75 0.76 0.86 0.68 0.59 0.57 0.48
Bioindicators
TEPx WS? CSPx WS Chl-ax WS?
Arctic-Bering
Ning -18¢ 0.21 0.20 0.17
Ning -2ac 0.74 0.79 0.74
Ninp -30c 0.45 0.43 0.41
INP
C-15 ) INP Ninp-15°C
MR19-03C INP CCN CCN P2-4
36-139  /cc( 0.4%) INP
CCN/INP 1000 10000 CCN INP
(©)
2016 MR16-06
2019 MR19-03C 2016
) MR19-03C



21 20 11 16

Ito Akinori Perron Morgane M. G. Proemse Bernadette C. Strzelec Michal Gault-Ringold 7
Melanie Boyd Philip W. Bowie Andrew R.
Evaluation of aerosol iron solubility over Australian coastal regions based on inverse 2020
modeling: implications of bushfires on bioaccessible iron concentrations in the Southern
Hemisphere
Progress in Earth and Planetary Science
DOl
10.1186/s40645-020-00357-9
67
2020
519 529
DOl
10.24761/tenki .67.9_519
Ito Akinori Adebiyi Adeyemi A. Huang Yue Kok Jasper F. 21
Less atmospheric radiative heating by dust due to the synergy of coarser size and aspherical 2021

shape

Atmospheric Chemistry and Physics

16869 16891

DOl
10.5194/acp-21-16869-2021

Kawana Kaori Matsumoto Kazuhiko Taketani Fumikazu Miyakawa Takuma Kanaya Yugo

21

Fluorescent biological aerosol particles over the central Pacific Ocean: covariation with ocean
surface biological activity indicators

2021

Atmospheric Chemistry and Physics

15969 15983

DOl
10.5194/acp-21-15969-2021




Inoue Jun Tobo Yutaka Taketani Fumikazu Sato Kazutoshi

48

Oceanic Supply of Ice- Nucleating Particles and Its Effect on Ice Cloud Formation: A Case Study 2021
in the Arctic Ocean During a Cold- Air Outbreak in Early Winter
Geophysical Research Letters
DOl
10.1029/2021g1094646
Inoue Jun Tobo Yutaka Sato Kazutoshi Taketani Fumikazu Maturilli Marion 14
Application of cloud particle sensor sondes for estimating the number concentration of cloud 2021
water droplets and liquid water content: case studies in the Arctic region
Atmospheric Measurement Techniques 4971 4987
DOl
10.5194/amt-14-4971-2021
Kawai Kei Matsui Hitoshi Tobo Yutaka 126
High Potential of Asian Dust to Act as lIce Nucleating Particles in Mixed- Phase Clouds 2021
Simulated With a Global Aerosol- Climate Model
Journal of Geophysical Research: Atmospheres
DOl
10.1029/2020jd034263
Tobo Yutaka Uetake Jun Matsui Hitoshi Moteki Nobuhiro Uji Yasushi Iwamoto Yoko Miura 125
Kazuhiko Misumi Ryohei
Seasonal Trends of Atmospheric Ice Nucleating Particles Over Tokyo 2020

Journal of Geophysical Research: Atmospheres

DOl
10.1029/2020JD033658




Kanaya Yugo Miyazaki Kazuyuki Taketani Fumikazu Miyakawa Takuma Takashima Hisahiro 19
Komazaki Yuichi Pan Xiaole Kato Saki Sudo Kengo Sekiya Takashi Inoue Jun Sato Kazutoshi
Oshima Kazuhiro
Ozone and carbon monoxide observations over open oceans on R/V Mirai from 67° S to 75° N during 2019
2012 to 2017: testing global chemical reanalysis in terms of Arctic processes, low ozone levels
at low latitudes, and pollution transport
Atmospheric Chemistry and Physics 7233 7254
DOl
10.5194/acp-19-7233-2019
24
2019
53 61
DOl
Taketani Fumikazu Aita Maki N. Yamaji Kazuyo Sekiya Takashi lIkeda Kohei Sasaoka Kosei 8
Hashioka Taketo Honda Makio C. Matsumoto Kazuhiko Kanaya Yugo
Seasonal Response of North Western Pacific Marine Ecosystems to Deposition of Atmospheric 2018
Inorganic Nitrogen Compounds from East Asia
Scientific Reports 9324
DOl
10.1038/s41598-018-27523-w
Tobo Yutaka Adachi Kouji DeMott Paul J. Hill Thomas C. J. Hamilton Douglas S. Mahowald 12
Natalie M. Nagatsuka Naoko Ohata Sho Uetake Jun Kondo Yutaka Koike Makoto
Glacially sourced dust as a potentially significant source of ice nucleating particles 2019
Nature Geoscience 253 258

DOl
10.1038/s41561-019-0314-x




DeMott Paul J. Mason Ryan H. McCluskey Christina S. Hill Thomas C. J. Perkins Russell J. 20
Desyaterik Yury Bertram Allan K. Trueblood Jonathan?V. Grassian Vicki H. Qiu Yuging
Molinero Valeria Tobo Yutaka Sultana Camille M. Lee Christopher Prather Kimberly A.

Ice nucleation by particles containing long-chain fatty acids of relevance to freezing by sea 2018
spray aerosols

Environmental Science: Processes & Impacts 1559 1569

DOl
10.1039/C8EMO0386F

51 4 19

ROIS +

2021

2021

Tobo, Y., Matsui, H., Kawai, K., Ohata, S., Kondo, Y., Hermansen, O., Inoue, J., Koike, M.

Year-round measurements of ice nucleating particles in Svalbard during MOSAIC 2019/20

12th Symposium on Polar Science

2021




Tobo, Y.

Introduction of aerosol and cloud research contributors from Japan during MOSAiC

Svalbard/MOSAIC workshop on snow, sea-ice and aerosol interactions in the Arctic

2021

Tobo, Y.

Variability of aerosols related to cloud formation over the Svalbard reg

11th lIce Nucleation Colloquium

2021

Zeppelin

2020

, Kok Jasper F.

2020

2020




, Perron Morgane, Proemse Bernadette, Strzelec Michal, Gault-Ringold Melanie, Boyd Philip, Bowie Andrew

IMPACT

61

2020

Ito, A., Adebiyi Adeyemi A.,Huang Yue,Kok Jasper F.

Coarse dust aerosol radiative effect in the IMPACT model

GU fall meeting 2020

2020

Ito, A., Adebiyi Adeyemi A., Huang Yue, Kok Jasper F.

Atmospheric radiative heating due to aspherical coarse dust

Goldshmidt 2021

2021

26

2021




2020 (

2020

2017

37

2020

25

2020

Kaori Kawana, Fumikazu Taketani, Kazuhiko Matsumoto, Takuma Miyakawa, Yutaka Tobo, Yoko lwamoto, Akinori Ito, Yugo Kanaya

Geographic distribution of marine bioaerosols and roles of biological gel particles over the Arctic Ocean

AGU 2020 Fall Meeting (online)

2020




Kaori Kawana, Fumikazu Taketani, Kazuhiko Matsumoto, Takuma Miyakawa, Yutaka Tobo, Yoko lwamoto, Akinori Ito, Yugo Kanaya

Geographic distribution of fluorescent bioaerosols and roles of marine biological particles in the cloud processes over the
Arctic Ocean

4th PACES Open Science Meeting, online

2021

Yugo Kanaya, Kazuyuki Miyazaki, Fumikazu Taketani, Takuma Miyakawa, Hisahiro Takashima, Xiaole Pan, Saki Kato, Kengo Sudo
Takashi Sekiya, Jun Inoue, Kazutoshi Sato, Kazuhiro Oshima

Ozone and CO observations over open oceans on R/V Mirai from 67S to 75N during 2012-17: Testing global chemical reanalysis
TCR-2 in terms of Arctic processes and low ozone levels at low latitudes

16th IGAC Science Conference, online

2021

F. Taketani, M. N. Aita, T. Sekiya, K. Yamaji, K. lkeda, K. Matsumoto, M. C. Honda, K. Sasaoka, Y. Kanaya

Impact Assessment of Deposition of Atmospheric Nitrogen Compounds to the Surface Chlorophyll-a Concentration over
Northwestern Pacific Ocean

PICES 2021 virtual Annual meeting

2021

F. Taketani, T. Miyakawa, M. Takigawa, M. Yamaguchi, Y. Komazaki, P. Mordovskoi, H. Takashima, Y. Tobo, Y. Tohjima, E.
Akane, T. Kikuchi, Y. Kanaya

Ship-based observations of atmospheric aerosols and gases over the Arctic Ocean by R/V Mirai

Joint International Symposium: To the New Stage of Collaboration

2021




Kaori Kawana, Fumikazu Taketani, Kazuhiko Matsumoto, Takuma Miyakawa, Yutaka Tobo, Yoko lwamoto, Akinori Ito, Yugo Kanaya

Geographic distribution of fluorescent bioaerosols and roles of marine biological particles in the cloud processes over the
Arctic Ocean

16th International global atmospheric chemistry (1GAC) conference

2021

, , , , Choi Yongjoo, , , ,

26

2021

Kaori Kawana, Fumikazu Taketani, Takuma Miyakawa, Yugo Kanaya

Measurements of fluorescent aerosol particles over the North Pacific and the Indian Ocean

SOLAS Open Science Conference 2019

2019

Yugo Kanaya, Hisahiro Takashima, Saki Kato, Kazuyuki Miyazaki, Fumikazu Taketani, Takuma Miyakawa, Kengo Sudo

Comprehensive over-ocean atmospheric ozone measurements on R/V Mirai from 67° S to 75° N, during 2012-2017: Missing sink
linked to lodine chemistry in low latitudes

SOLAS Open Science Conference 2019

2019




Fumikazu Taketani, S. Kato, T. Miyakawa, M. Takigawa, M. Yamaguchi, H. Takashima, Y. Kanaya

Investigation of Atmospheric Aerosol Particles and gases by R/V Mirai cruise over the Arctic Ocean on 2017

2019

2019

Yugo Kanaya, Oleg Postylyakov, Alexander Borovsky, Anatoly Dzhola, Evgeny Grechko, Takuma Miyakawa, Petr Mordovskoi, Trofim
Maximov, Fumikazu Taketani, Hideki Kobayashi, Yongwon Kim, Chunmao Zhu, Yutaka Tobo

1LEAPS/1GAC-Japan 2019
2019
IMPACT
60
2019
2019

2019




IMPACT

24

2019

Kaori Kawana, Fumikazu Taketani, Kazuhiko Matsumoto, Takuma Miyakawa, AKinori Ito, Yutaka Tobo, Yugo Kanaya

Measurement of number concentrations of Bioaerosols in the Central Pacific and classification of fluorescent particles

Workshop on Atmospheric deposition of aerosols and their effects on biogeochemical cycles and climate

2019

2018

2018

F. Taketani, T. Miyakawa, M. Takigawa, M. Yamaguchi, H. Takashima, P. Mordovskoi, Y. Komazaki, Y. Tohjima, Y. Kanaya

Characteristics of Atmospheric Aerosol Particles and gases observed by R/V Mirai over the Bering Sea and Arctic Ocean during
September 2016

2018

2018




Takuma Miyakawa, Fumikazu Taketani, Masayuki Takigawa, Chunmao Zhu, Kazuhiko Matsumoto, Yutaka Tobo, Momoka Yoshizue, Yugo
Kanaya

Aerosol Particle Size Distributions and Compositions over the Southern Ocean in the Austral Summer of 2017

10th International Aerosol Conference

2018

Takuma Miyakawa, Fumikazu Taketani, Masayuki Takigawa, Chunmao Zhu, Kazuhiko Matsumoto, Yutaka Tobo, Momoka Yoshizue, Yugo
Kanaya

Aerosol Particle Size Distributions and Compositions over the Southern Ocean in the Austral Summer of 2017

2018 joint 14th Quadrennial §CACGP Symposium and 15th IGAC Science Conference

2018

2018

2019

2019




2019

2019

web

https://ebcrpa.jamstec.go.jp/~yugo/mba/index.html

JAMSTEC

https://ww.jamstec.go.jp/egcr/j/atmos/

web

(ITO Akinori)

(00419144) (82706)
(MIYAKAWA Takuma)

(30707568) (82706)
(MATSUMOTO Kazuhiko)

(50359155) (82706)




(
(TAKETANI Fumikazu)
(50377785) (82706)
(TOBO Yutaka)
(60572766) (62611)

(
(ZHU Chunmao)
(00807513) (82706)

University of California

NASA Goddard
Space Studies

Institute for

Columbia University

University of Tasmania




