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Abstract @ As the positive feedback between the absorption of chromophoric dissolved organic matter (CDOM) and acceleration of ice melt can
impact the aquatic biota and dynamic heat budget, long-term monitoring of the CDOM variation in the polar ocean is necessary. However, the
monitoring of CDOM is not easy because of harsh weather and difficult access, especially in the Antarctic Ocean. Therefore, the purpose of this
study was to find a suitable long-term monitoring site for CDOM variation; we selected Maxwell Bay and Marian Cove at Sejong Base and
horizontal and vertical distributions of CDOM were measured. After a 72 hr time-series measurement test of the CDOM variation at Sejong Dock
and Sejong Cape in Maxwell Bay, Sejong Dock was selected, as it does not haveland discharge effects. The seasonal variation of CDOM was evident
and the average CDOM concentration of Maxwell Bay was comparable with the adjacent sea. The CDOM at Sejong Dock from February to
November 2010 was the highest in the fall and winter and the lowest during spring and summer. Thus, based on our one-year CDOM data, we
suggest that Sejong Dock in Maxwell Bay is suitable for long-term monitoring of CDOM as an indicator of photochemical and biological

environmental change and an important factor in determining the heating budget in the Antarctic Ocean.
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1. M &
2 8& 7]E(Chromophoric Dissoved Organic Matter,
CDOM)2 && 718 $ FH o= SAdstd =42 =, 7
M L FEA)FA(UV-Visible) GG WS FFdle Ao
)4 A cH(Barbini et al, 2003; Blough and Vecchio, 2002;
Nelson and Siegel, 2002). B3} CDOMS £F& 7|5 FolA
0% v AFug <4 E 3 9l o v (Hansell, 2002; Mopper
etal, 1991), @ &5 &3l +& T/ §H S 7HE53sto
Ay 5 e frdstAY nAES] S5
S7/MAA G e AR5 F8d TS T o=
24 QA Th(Hill, 2008; Pegau, 2002; Stedmon et al., 2011).
4 F CDOMO| F92 47|93 AA|doz 27
Hm, $4719 CboM2 gl oJd Feo] Fasta
(Blough et al., 1993; Vodacek et al., 1997), X711 CDOM2
e go} W AEZFIAEY T2 AELH a2l o) &
57 (Nelson and Siegal, 2002), Z2]-3}8}2 m}A o) 2oaf
TwuEE Aoz deA vk XN HFE9 g d=
e A T SHAEFEH g frdo] glv] Wil &
2714 cpoMell Hl&| AA7]l CcDOMe] -Al3HAl YHERG
. A oA 2] cDoMell tigk AFtell A iR o] CDOM
o FAA FFAAS AAIE vk A O™ (Kieber et al., 2009;
Ortega-Retuerta et al., 2010), F=+3] o}o]x o] BAS E35
o] %T CDOMO| FHUYS E213F A th(Norman et al,
2011). EfSFEAL B3 fatty acids 22 triglycerides® F 27 &
A& [N CDOM FF DO 2A AT&S 7% ah=t
(Kieber et al., 1997), ©] A& photohumification®] 2} 3t} =
3 g 2 g4 CDOME chlorophyll a2} 73+ <4
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Qle] cDOM®] F8 FFULS FRIs(Bricaud et al,
2010; Ortega-Retuerta et al., 2010). oF&A a1 Zz|vjol A 2]
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Fig. 1. A map of monitoring stations at Maxwell Bay and Marian
Cove at the King George Island, Antarctica.

2.2 CDOM

Rosette samplerE ©]-83}o] 3|4 250 mLE
A Zpgk of G2 5 o] &3] o HF
28 93k s o IX](nucleopore filter, 0.2 um)S o] &3}
vje] A71s]stzelA 450Tel A 6417 Fet F71ES A
A7 f2] Al 5 (Whatman, Clear narrow neck bottle)oll 27
who}

#*

AT 5, 2

A3k H. CDOM ¥

s Haseddth A3 s A A7k W

, 433 =7 (Cary-100, Varian, USA)Z
= frlee %E 5433t Blank A 5= NASA
protocolol] W&} % o] &3] 33 =49 o A
o] &3} tFMitchell et al., 2002). S4H FF =0l Tr7]E
ol 719 dojuA &= 750mme] FFE #hs W & o}
2 A& o]-83te] CDOM®] &3 (awom) S T-3H A TH(Blough
and Green, 1995; Blough and Vecchio, 2002; Kahru and Mitchell,
2001).

ol
38
[o
)

o]

o

3
5 3

lo

My ooy

8%

d
=1
T=

Aegorn AN) = 2.3034A(N\)/r
A Ame AN =

#holth. 2303 A& @?% FHE e A

T FEATE w3sTr] A A5 wh v )
St path 1engthi m 9= ol gt} o]Tr BPL

A3 ZHATE agon(M)E CDOM S5 & A sl

C Ao = 300 nm, 325 nme}F 412 nm

FAATE Skato] o] g&qlth

o ot £

R D

oY
oL
fol

w
N
I

g
kI
e

3.1 CDOM9 +EHH

CDOMS| 4= 4] l"f_r
BayQJr 1= 1] CDOM

&4 %=E Fig 2] YERNRITE F vq'X}EHJ THEEE e
15183 o, Maxwell Bay2} Marian Cove®ll Al acgon(325) 3 2
} 022+0.04m", 0.19+0.01 m'= Maxwell Bayoll 4] H] 1%
A FEFS T agen(412)2] 3+ E3F Maxwell Bay2} Marian
Coveoll A1 Z+7} 0.08+0.03 m™, 0.06+0.01 m" = Maxwell Bay©ll
A=A vEb T '@ s o] cboMe] HAIA Rl T EE L

A A E WH(Kieber et al., 2009; Ortega-Retuerta et al., 2010) 4
, gl o9& W <ko] A2l Marian Cove |5 O &
F%9 cpoMe| FFE Aolgtes data e, W
Marian Covell T} 9] £ Maxwell Bayoll A o4 o=
S CDOM 555 HT) o)== i Zhhol wet FEa
7vak Aapol Ay, s el €]gk CDOM &+ H.th &3}
Sloju} al i 5ol <3 CDOM &0l o A3k A3}
How wehec)

"M OAC
H

= “lﬁiﬂ %’%H ok

e N Ho r_r
N

3@ o N HI-F HO W 2 HU

tlo ko of o o rlo

MB MC

HE H11 H14 H17 HI9
station

H1 H2 H3 HE

MB MC

acpom @12, m™)

o pEERm

H1 H2 H3 H5 H8 M1t H14 H17 H19
station

Fig. 2. Horizontal distributions of aciom(325) and acem(412) in
Maxwell Bay and Marian Cove in austral summer of
2010 (MB: Maxwell Bay, MC: Marian Cove).
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Fig. 3. Vertical distributions of acom(300), acem(325) and
acom(412) in Marian Cove and Maxwell Bay in austral
summer of 2010.
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Fig. 4. Time-series variation of CDOM in (a) Sejong Dock and
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Black line indicates day and night at 12 hour intervals.
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Table 1. Comparative values of CDOM absorption coefficients

reported in different sites at Antarctic Ocean

Study area

acdom(325) (m- 1)

Reference
av. range

Deception Island(2004)
King George Island(2004)
Weddell Sea
Bellingshausen Sea(2005)
Bransfield Strait(2005)
Ross Sea(2014)

New Zealand shelf water
Terra Nova Bay
Amundsen Sea(2014)

Sea Ice Zone

Amundsen Sea Polynya
Ice Shelf

King George Island(2010)
Maxwell Bay

1.30
0.18
0.44
0.41
0.23

2010

D'sa and Kim, 2017
0.18
0.19

Lee et al., 2016
0.14 0.11-0.17
1.07  0.49-2.01
040 0.36-043

This study
024 0.16-0.34

Ortega-Retuerta et al.,

UHEe A% A% 7149 &8 7FsA @7

4. 2 E

A V)% dslel wE 47]A<l CDOM F% W3
& RUHHES] 98 5A oz AlF 71A7F A
7vet7] el AAEA T AE 7R 7F YA E PF2X
A 7] 291 CDOM R UE #Hol| 2 g3l Alo] ES 2
Maxwell Bay$} Marian Cove®ll 5] CDOMS] <=3,
= AuE A3 20m WollA &£ o] gutslu s} &}
o A f-AFSH CDOM X S Ho]&= Maxwell Bay7} 4
3 Alo|Egta #ehskgltl. o] 3 Maxwell Bay 5 CDOM
e "o Agg Al EE 7] 98 AlE ek AlE
ol A 72417 59 CDOM F% W3} ddS Aun el A
F HF9 A9 A7 Fote] cDoM FEVF 2 WHIE gl
o] el WHA, MF ol A& ol 238m! o] pulse’t
UERRTE o= AlE SelAe= A<l el ogk g5k
< Wethe AS gt olelg #ES S G
CDOM R UHE A=A &5 dgs vk
Hog@gs vz e A B5UF Hdside )
@agich o] % AE FFolAl AZF CDOM ¥lEs AHvli
A, 22 FAol st el E 5H HA, TS
A HAYS B W, A Gl sdEhe 9ol
AMe g d HA, ASE HAdE BT SR Az
CDOM RYHE oA o] &g A|ze] 77t &, of 53-8l 7t
71N, R A7E A HolBE 90 E% 2 AEE
guaAY gt Eeke] AAR geldt ot vk wet
Al olel e A4 JE sret A S-S A, T
71719 &4 Tl FAAT S5 g F71H 0 ol
o] F-o] X = FaQl ME 7IA| A 7]$ Wt e CDOM
WHE5S RUHH o A8 Al F-FolA cooMS 3]
3. o7

1
UEY oz Ause] 2AHES Aetstad g,

[¢}

L
Al
=
S
<]

J

2 oF o

N
o

D

9]
=

=

VS
s

o 4y ¢
rln RN
A b

>1H Cally

>

+ avz

el
E
At Af

o] w2 20179 ¥ TS A4Ee] ATu] Ao 49
o2 Y Aolr A Age] A=A

References

[1] Barbini, R., F. Colao, R. Fantoni, G. M. Ferrari, A. Lai, and
A. Palucci(2003), Application of a lidar fluorosensor system
to the continuous and remote monitoring of the Southern
Ocean and Antarctic Ross Sea: Results collected during the
XII and XV Italian oceanographic campaigns, International
Journal of Remote Sensing, Vol. 24, No. 16, pp. 3191-3204.

- 903 -



Bl

[2] Blough, N. V., O. C. Zafiriou, and J. Bonilla(1993), Optical
absorption spectra of waters from the Orinoco River outflow:
Terrestrial input of colored dissolved organic matter to the
Caribbean, Journal of Geophysical Research, Vol. 98, pp.
2271-2278.

[3] Blough, N. V. and R. D. Vecchio(2002), Chromophoric DOM
in the coastal ocean. In: Hansell DA, Carlson CA (eds)
Biogeochemistry of Marine Dissolved Organic Matter,
Academic press, San Diego, pp. 509-546.

[4] Blough, N. V. and S. A. Green(1995), Spectroscopic
characterization and remote sensing of nonliving organic
matter. In: Zepp R.G.,, Sonntag C. (eds) The Role of
Nonliving organic matter in the Earth's Carbon Cycle, John
Wiley and Sons, Berlin, pp. 23-45.

[5] Bricaud, A., M. Babin, H. Claustre, J. Ras, and F. Tieche
(2010), Light absorption properties and absorption budget of
Southeast Pacific waters, Journal of Geophysical Research,
Vol. 115, No. C8.

[6] Brogi, S. R., S. Y. Ha, K. W. Kim, M. Derrien, Y. K. Lee,
and J. Hur(2018), Optical and molecular characterization of
dissolved organic matter (DOM) in the Arctic ice core and
the underlying seawater (Cambridge Bay, Canada): Implication
for increased autochthonous DOM during ice melting, Science
of the Total Environment, Vol. 627, pp. 802-811.

[7] D'Sa, E. J. and H. C. Kim(2017), Surface Gradients in
Dissolved Organic Matter

Properties along the New Zealand Sector of the Southern

Absorption and Fluorescence

Ocean, Frontiers in Marine Science, Vol. 4: 21.

[8] Hansell, D. A.(2002), DOC in the Global Ocean Carbon
Cycle. Hansell D.A., Carlson C. A. (eds) Biogeochemistry of
Marine Dissolved Organic Matter, Academic press,
Diego, pp. 685-715.

Hill, V. J.(2008), Impacts of chromophoric dissolved organic
material on surface ocean heating in the Chukchi Sea, Journal
of Geophysical Research, Vol. 113, No. C7, pp. C07024.
[10] Kahru, M. and B. G. Mitchell(2001),

nonseasonal variability of satellite-derived chlorophyll and

San

[9

—

Seasonal and

dissolved organic matter concentration in the California

Current, Journal of Geophysical Research, Vol. 106, pp.
2517-2529.

[11] Kieber, D. J, D. A. Toole, and R. P. Kiene(2009),
Chromophoric dissolved organic matter cycling during a Ross
Sea Phaeocystis Antarctica bloom. In: Krupnik I, Lang MA,

Miller SE (eds) Smithsonian at the Poles: Contributions to

SEER

A% - AnA

International Polar Year Science - a Smithsonian Contribution
to Knowledge, Smithsonian Institute Press,
Washington DC, pp. 319-333.

[12] Kieber, R. J, L. H. Hydro, and P. J. Seaton(1997),

Photooxidation of triglycerides and fatty acids in seawater:

Scholarly

Implication toward the formation of marine humic substances,
Limnology and Oceanography, Vol 42, No. 6, pp. 1454-1462.

[13] Lee, Y. C,, M. O. Park, J. Y. Jung, E. J. Yang, and S. H.
Lee(2016),
relationship with production of CDOM in the polynya of the
Amundsen Sea, Antarctica, Deep-Sea Research Part II, Vol.
123, pp. 30-41.

[14] Meiners, K. M., S. Papadimitriou, D. N. Thomas, L. Norman,
and G. S. Dieckmann(2009), Biogeochemical conditions and

ice algal photosynthetic parameters in Weddell Sea ice during

Taxonomic variability of phytoplankton and

early spring, Polar Biology, Vol. 32, No. 7, pp. 1055-1065.

[15] Mitchell, B. G., M. Kahru, J. Wieland, and M. Stramska
(2002), Determination of spectral absorption coefficients of
particles, dissolved material and phytoplankton for discrete
water samples, in Ocean Optics Protocols for satellite Ocean
Color Sensor Validation, edited by Muller J and Fargion LGS,
NASA, Hanover, Germany, pp. 231-257.

[16] Mopper, K., X. Zhou, R. J. Kieber, D. J. Kieber, R. J.
Sikorski and R. D. Jones(1991), Photochemical degradation of
dissolved organic carbon and its impact on the oceanic carbon
cycle, Nature, Vol. 353, pp. 60-62.

[17] Nelson, N. B. and D. A. Siegel(2002), Chromophoric DOM in

DA, Carlson CA (eds)

Matter,

the open ocean. In: Hansell
Biogeochemistry of Marine Dissolved Organic
Academic press, San Diego, pp. 547-578.

[18] Norman, L., D. N. Tomas, C. A. Stedmon, M. A. Granskog,
S. Papadimitriou, R. H. Krapp, K. M. Meiners, D. Lannuzel,
P. Merwe, and G. S. Dieckmann(2011), The characteristics of
dissolved organic matter (DOM) and chromophoric dissolved
organic matter (CDOM) in Antarctic sea ice, Deep-Sea
Research Part II, Vol. 58, pp. 1075-1091.

[19] Ortega-Retuerta, E., I. Reche I, E. P. Villena, S. Agusti, and
C. M. Duarte(2010), Distribution and photoreactivity of
chromophoric  dissolved organic matter in the Antarctic
Peninsula, Marine Chemistry, Vol. 118, pp. 129-139.

[20] Pegau, W. S.(2002), Inherent optical properties of the central
Arctic surface waters, Journal of Geophysical Research, Vol.
107, No. C10, pp. S16-1-S16-7.

[21] Siegel, D. A. and A. F. Michaels(1996), Quantification of

- 904 -



(22]

(23]

(24]

(23]

(26]

(27]

(28]

F £ &

iy

non-algal light attenuation in the Sargasso Sea: Implications
for biogeochemistry and remote sensing, Deep-Sea Research
Part II, Vol. 43, No. 2-3, pp. 321-345.

Stedmon, C. A,, R. M. W. Amon, A. J. Rinehart, and S. A
Walker(2011), The supply and characteristics of colored
dissolved organic matter (CDOM) in the Arctic Ocean: Pan
Arctic trends and differences., Marine Chemistry, Vol. 124,
pp. 108-118.

Steig, E. J., D. P. Schneider, S. D. Rutherford, M. E. Mann,
J. C. Comiso, and D. T. Shindell(2009), Warming of the
Antarctic ice-sheet surface since the 1957, International
Geophysical Year. nature, Vol. 457, pp. 459-462.

The IMBIE team(2018), Mass balance of the Antarctic Ice
Sheet from 1992 to 2017, Nature, Vol. 558, pp. 219-222.
Thomas, D. N., G. Kattner, R. Engbrodt, V. Giannelli, H.
Kennedy, C. Haas, and G. S. Dieckmann(2001), Dissolved
organic matter in Antarctic sea ice, Annals of Glaciology,
Vol. 33, pp. 297-303.

Twardowski, M. S. and P. L. Donaghay(2001), Separating in
situ and terrigenous sources of absorption by dissolved
materials in coastal waters, Journal of Geophysical Research,
Vol. 106, No. C2, pp. 2545-2560.

Underwood, G. J. C., S. Fietz, S. Papadimitriou, D. N.
Thomas, and G. S. Dieckmann(2010), Distribution and
composition of dissolved extracellular polymeric substances
(EPS) in Antarctic sea ice, Marine Ecology Progress Series,
Vol. 404, pp. 1-19.

Vodacek, A., N. V. Blough, M. D. DeGrandpre, E. T. Peltzer,
and R. K. Nelson(1997), Seasonal variation of CDOM and
DOC in the Middle Atlantic Bight: Terrestrial inputs and
photooxidation, Limnology and Oceanography, Vol. 42, No. 4,
pp. 674-686.

Received : 2019. 08. 26.
Revised : 2019. 10. 16. (Ist)

: 2019. 10. 31. (2nd)

Accepted : 2019. 12. 27.

T7l=de] Fr] HEd 2y

Z

- 905 -

AF 71741 e &8 7}

—
54

)

s

7}



