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Clarification of the phenomenon for high concentrations of brominated organic
gases found on the surface of sea ice through laboratory chamber experiments
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The purpose of this study was to clarify the phenomenon of high
concentrations of brominated organic gases found on the surface of sea ice through laboratory
chamber experiments. In a low-temperature environment of -25° C, 500 mL of seawater in a chamber was

frozen, and ozone was supplied to the surface area of the sea ice. Results indicated that the
generation of bromoform was confirmed. The amount of bromoform generated increased with an increase
In the concentration of ozone supplied to the sea ice surface. It is thought that bromoform was
generated by the reaction of hypobromous acid generated by the oxidation of bromine ions on the sea
1ce surface by ozone with organic matter. From this study, direct data on the chemical reaction
mechanism and the release process of bromoform to the atmosphere on the sea ice surface were
experimentally obtained.



B X C—19, F—19—1, Z—19 (@)
1. WFFEBAE S 0O 5

R EE M A T DMK I, HIERFIAE O KA B 2 il 3~ 2 BK & L TR & ekl 2o T
W5, ek, WK, WERROBLICBWDTRR EMHER O [FEEE) & L TRsh T

72 UL, EES. MKER T, FKIC X 2B RIC L > TAEWENEREL L. KK
W6 LCHRHTRIC AR 5 Z LN FPRREN D, 7277, MO LWERE COBIOEE L Sk,
MoK E TO HKELT: ) (BT 2 SHERE DO EITIC T > TUhvauy,

KHRE DA A, RROBAMEZ RO D EBEERRISHESETEH D, £72. A X AZRSIRE
NRHATED D, D7, XlEA Y o O AT 5 ERZ AT 208 1 H 5, b
FR - BIRRZR & ORIEIC IV T, BRAS, i EAHEO A RN SIS T 5 (Barrie et
al., 1998), ZiuZ., AV KIS (Ozone Depletion Event) L FEIN TV 5B, A U iHKES
X, REMCAEVREOLWEMEFM L X% (Plattetal., 2013), ko T, BRRERILEHHN
SR A Y BT HME L L CTHEESNLTWS, L L, BREMEMORAIRDEEE SN
TELT. A > DICOMFEHITIEE > TV,

2. WEDB

AW CHRIET DMK ER TO [FEEMN) 27 nermL A RIT, AEREN ADRKG~D
72 AERDIRE L 720 . BASE SN TEERAF A Y U HRBGORIKRRIC— A 2 &%
Loz ke7en, LanL, BB AP RISOFT2m A (IRIESIGHIIE TORER) (12
XU FOMGRERET DIZE S 722, OB IMGE S LTV, 2 2T, ABFE Tl
WKL CIRME LB & @ T3EEY | KISIZE > T, 7 aER /L AEMIGBET &0 D
iz, BN TORIBIAGT ¥ o N—EBRCTHRAET 2 Z 2 AL Lz, FFlC.
Abrahamsson et al. (2018) XM Oumetal. (1998) THRE SN TWDHA Y LD REA 4
DFRAGIZ K - THA LT RIRFERE (HOBr) 2, AW & SOGL T a RV ARERT D 2
L ERMKAERER CHIETIZEEEMNE LT,

3. WHED Tk

WK B S o L WK RIS Y 2 HGT D720 DL AT LAl (K1), WKERSRI
MR H Z 28 % Tz, 2 OWPKARAZROFIZ 500 mL O#EK  (FEKETEREID 2 A
. WEHENICRE L, A 7 A 25 ETHfE S, £ LT, %, ARREHETL-9D
IR Z AT A —THIV . HTAEEEHIZANDZETHEEE Lz, I AED %2 %
FAL., ~y FAR—REEN FY U2 LT, Y VREOEWERET D7 2ER/L AR
FENC -2 5 B AR T 572012, 0.69 ppm & 0.93 ppm OPEFED A > % 1 ml min! T 72 FH
AE L=, T0%, BEBIOUMBPKY 720 L, A TOVRICEEI%, BifigL, 7o
EFRNVAREZRE Lz, 7RV AREORIEX, N—Y& 8T v TUETY U7 VO
ATV, A7 v~ 87T 7 EHESHENCHHT L7 (Yokouchi et al. 2006) ,

-

T L

A\

BKERR R TV URERE
A

B 1. WKAERCSERR & A G S 2T L DRI,



4. WFIEERH

T M ER A O EERB L UKD T e R TRV AEEONE e 7y A L EK 21T
R, 0.69 ppm 36 K TN 0.93 ppm DAY &G L7 FEERTIZ, & BITHET LK OB RIS
BWTHKZR L7, 093 ppm DAY 2 fllis U 72 R T3k 900 pmol L D7 1 E 7k /L L
REL ool ZOL D REE LWPOKOBEMITETOT 7 EHR/L AREOHBKIL, LT
(Sturges et a., 1997) <°FififE (Abrahamsson et al., 2018) TOBHIZBNTHHELNTEY .,
ARFFE CRRaE LIk A R & A4 G AT AE, B OFKEREAHHE TE Wb &
F x5, F£72, 093 ppm OA Y A AG L7 EBRTIE, 0.69 ppm DA A G U7 RIS KT
LT, 7REERLVABENRKRELS Rolz, ZOZ ENL T aER/VLAREAEITIT, 4 REN
BRLTWDLZERNEZBND,

TOERILLERE (pmol L)
0 200 400 600 800 1000

== 0.69 ppm
=& 0.93 ppm

FRE (cm)

2. AV UMHEERTEONTEEER LMK O 7T B REFRVAREORETR 7 7 A /b, M
FUIHES LK OBERN 27T, REBLOHFO T 1y MI, EZHE LAY Vg o
23, 0.69 ppm & 0.93 ppm DOfERE IR,

Abrahamsson et al. (2018) LW Oumetal. (1998) TiEA Y T LB RFEA A ORI L -
THA L7~ HOBr A L RO LT BB RV ANERT D Z L 2B L TW\W5, AIFZET
HEONTRRIT, EROBETm v R - T, BHELHKOENTT TR VAREA L
bOLEZ NS, £, AV UVEEOENCE ST, ToERLLABEBEIGENRH S Z L
O, AV UDIZDORISIIRESEEL TNDHEEX LN,

AREBR T, 4V VEEOEVRIRET D 7T TRV MBI 2 AR OV CEHME LT,
WK DEREEEZLEZ D2 LT L > THEKNIZEENDE T 54 L OENENT D720, fEEL
LCHIKNDRFZA AU BEEL BT S, Lo T, BHEREAZ 2 . WKERESEE2 2L S
B, G TAHY UM ENF UEREZET D2 L T, BEAFVBREOENTRET ST 0
ERNVLEEIGEDDE U 20ERETH20LERD S, I, EM, bk, FF&—Y 71253
EL A RRIRIRI T COMET 2HOKICHEIST D2 ENARE L 72 D720, %I T ~EH
Bchod,

<G| I 3CHk>

Abrahamsson, K., Granfors, A., Ahnoff, M. et al. (2018). Organic bromine compounds produced in sea
ice in Antarctic winter. Nat Commun 9, 5291, https://doi.org/10.1038/s41467-018-07062-8

Barrie, L., Bottenheim, J., Schnell, R. et al. (1988). Ozone destruction and photochemical reactions at
polar sunrise in the lower Arctic atmosphere. Nature 334, 138—141, https://doi.org/10.1038/334138a0

Oum, K. W., Lakin, M. J., Finlayson-Pitts, B. J. (1998). Bromine activation in the troposphere by the dark
reaction of O3 with seawater ice. https://doi.org/10.1029/1998GL900078



Pratt, K., Custard, K., Shepson, P. et al., (2013). Photochemical production of molecular bromine in
Arctic surface snowpacks. Nature Geosci 6, 351-356, https://doi.org/10.1038/ngeo1779

Sturges, W. T., Cota, G. F., Buckley, P. T. (1997). Vertical profiles of bromoform in snow, sea ice, and
seawater in the Canadian Arctic. J. Geophys. Res., https://doi.org/10.1029/97JC01860

Yokouchi, Y., Taguchi, S., Saito T., Tohjima, Y., Tanimoto, H., Mukai, H. (2006). High frequency
measurements of HFCs at a remote site in east Asia and their implications for Chinese emissions.
Geophysical Research Letters, 33, 10.1029/2006GL026403.



13 13 5 13

Nomura Daiki, Abe Hiroto, Hirawake Toru, Ooki Atsushi, Yamashita Youhei, Murayama Aiko, Ono 196
Kazuya, Nishioka Jun
Formation of dense shelf water associated with sea ice freezing in the Gulf of Anadyr estimated 2021

with oxygen isotopic ratios

Progress in Oceanography

102595 102595

DOl
10.1016/j .pocean.2021.102595

Hirawake Toru, Oida Joji, Yamashita Youhei, Waga Hisatomo, Abe Hiroto, Nishioka Jun, Nomura 197
Daiki, Ueno Hiromichi, Ooki Atsushi
Water mass distribution in the northern Bering and southern Chukchi seas using light absorption 2021

of chromophoric dissolved organic matter

Progress in Oceanography

102641 102641

DOl
10.1016/j .pocean.2021.102641

Nishioka Jun, Hirawake Toru, Nomura Daiki, Yamashita Youhei, Ono Kazuya, Murayama Aiko, 198
Shcherbinin Alexey, Volkov Yuri N, Mitsudera Humio, Ebuchi Naoto, Wakatsuchi Masaaki, Yasuda

Ichiro

Iron and nutrient dynamics along the East Kamchatka Current, western Bering Sea Basin and Gulf 2021

of Anadyr

Progress in Oceanography

102662 102662

DOl
10.1016/j .pocean.2021.102662

Steiner Nadja, Nomura Daiki, Tedesco Letizia, van Franeker Jan Andries, van Leeuwe Maria A, 9
Wongpan Pat et al.
Climate change impacts on sea-ice ecosystems and associated ecosystem services 2021

Elementa: Science of the Anthropocene

Dol
10.1525/elementa.2021.00007




Abe Hiroto, Nomura Daiki, Hirawake Toru

198

Salinity regime of the northwestern Bering Sea shelf

2021

Progress in Oceanography

102675 102675

DOl
10.1016/j .pocean.2021.102675

Yamamoto-Kawai Michiyo, Tamura Takeshi, Watanabe Eiji, Nishioka Jun, Nomura Daiki, Makabe 30
Ryusuke, Mizobata Kohei, Sayaka Yasunaka
Decadal vision in oceanography 2021: Polar oceans 2021
Oceanography in Japan 159 178
DOl
10.5928/kaiyou.30.5_159
Tozawa Manami, Nomura Daiki, Nakaoka Shinichiro, Kiuchi Masaaki, Yamazaki Kaihe, Hirano 127
Daisuke, Aoki Shigeru, Sasaki Hiroko, Murase Hiroto
Seasonal Variations and Drivers of Surface Ocean pC02 in the Seasonal Ice Zone of the Eastern 2021
Indian Sector, Southern Ocean
Journal of Geophysical Research: Oceans
DOl
10.1029/2021JC017953
Waga Hisatomo, Fujiwara Amane, Hirawake Toru, Suzuki Koji, Yoshida Kazuhiro, Abe Hiroto, Nomura 201
Daiki
Primary productivity and phytoplankton community structure in surface waters of the western 2022

subarctic Pacific and the Bering Sea during summer with reference to bloom stages

Progress in Oceanography

102738 102738

DOl
10.1016/j .pocean.2021.102738




Miller Lisa, Fripiat Francois, Moreau Sebastien, Nomura Daiki, Stefels Jacqueline, Steiner 101
Nadja, Tedesco Letizia, Vancoppenolle Martin
Implications of Sea lce Management for Arctic Biogeochemistry 2020
Eos
DOl
10.1029/2020E0149927
Kanna Naoya, Sugiyama Shin, Fukamachi Yasushi, Nomura Daiki, Nishioka Jun 34
Iron Supply by Subglacial Discharge Into a Fjord Near the Front of a Marine- Terminating 2020
Glacier in Northwestern Greenland
Global Biogeochemical Cycles
DOl
10.1029/2020GB006567
Wongpan Pat, Nomura Daiki, Toyota Takenobu et al. 61
Using under-ice hyperspectral transmittance to determine land-fast sea-ice algal biomass in 2020
Saroma-ko Lagoon, Hokkaido, Japan
Annals of Glaciology 454 463
DOl
10.1017/a0g.2020.69
Fransson Agneta, Chierici Melissa, Nomura Daiki et al. 61
Influence of glacial water and carbonate minerals on wintertime sea-ice biogeochemistry and the 2020
C02 system in an Arctic fjord in Svalbard
Annals of Glaciology 320 340

DOl
10.1017/a0g.2020.52




Toyota Takenobu, Ono Takashi, Tanikawa Tomonori, Wongpan Pat, Nomura Daiki 61

Solidification effects of snowfall on sea-ice freeze-up: results from an onsite experimental 2020

study

Annals of Glaciology 299 308
DOl

10.1017/a0g.2020.49

5 1 5

Chamberlain, E. J, Rokitta, S, Rost, B, D' Angelo, A, Creamean, J, Loose, B, Ulfsbo, A, Fong, A. A, Hoppe, C. J. M, Droste,
E, Nomura, D, Bowman, J. S.

Identifying microbial drivers of biological oxygen production and uptake in the central Arctic Ocean.

Ocean Sciences Meeting, online.

2022

Kawaguchi, Y, Koenig, Z, Hoppman, M, Nomura, D, Granskog, M, Inoue, J, Katlein, C, Marcel, N, the MOSAiC OCEAN Team

Interfacial generation of internal waves and turbulent heat flux due to enhanced inertial motion for deformed sea-ice floe:
Preliminary results from MOSAiIC expedition

European Geophysical Union, General Assembly 2021

2021

Nomura, D, Web, A, Li, Y, Dall’ osto, M, Schmidt, K, Droste, E, Chamberlain, E, Kawaguchi, Y, Inoue, J, Damm, E, Delille, B.

Effects of lead width variation, re-freezing and mixing events on lead water structure in the central Arctic.

European Geophysical Union, General Assembly 2021

2021




Nomura, D.

Cryosphere-atmosphere biogeochemical cycles: Insights from Arctic Ocean drifting campaign

Japan Geoscience Union (JpGU) Meeting, online

2021

Daiki Nomura, L. Zhan, B. Delille et al.

Air-ice C02 fluxes in the central Arctic

Arctic Frontire 2021

2021

2021

96

Daiki Nomura: sea ice biogeochemisrty
https://sites.google.com/view/daikinomura/home




(Yabushita Akihiko)

(70371151) (17102)
(Yamashita Youhei)

(50432224) (10101)
(Ooki Atsushi)

(70450252) (10101)




