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Fluorescence characteristics and dynamics of dissolved organic matter (DOM)

in the Amundsen Sea, Antarctica

Juyoung Son

Division of Earth and Environmental System Sciences

The Graduate School, Pukyong National University

Abstract

The Amundsen Sea in West Antarctica has undergone a rapid ice loss through 

basal melting due to the warm Circumpolar Deep Water (CDW) intrusion in the 

bottom layer. This warm and salty CDW intrusion to the continental shelf drives 

the basal melting of glaciers. Glacial melt water can supply bioavailable iron to 

the euphotic zone, which can affect the primary production, resulting in the 

changes in the dynamics of dissolved organic matter (DOM) and carbon cycle in 

the Amundsen Sea. Thus, it is important to understand the dynamics and quality

of DOM and its sources in the Amundsen Sea. Based on the hydrographic 

observations conducted in the Amundsen Sea from 6 January to 16 February 2020, 

the relatively high values of dissolved organic carbon (DOC) and chromophoric 
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dissolved organic matter (CDOM) absorption coefficient at 350 nm (a350) were 

observed in the WGIS. Additionally, the low value of spectral slope coefficient 

(S275-295) and the high value of specific UV absorbance at 254 nm (SUVA254) 

indicated that the high molecular weight of DOM in the WGIS. On the other hand, 

the values of a350 and SUVA254 decreased with increasing S275-295 value, indicating 

that the low molecular weight of DOM was predominant in the DIS. By the 

fluorescence excitation-emission matrices (EEMs), which analyzed by parallel 

factor (PARAFAC) modeling, a humic-like component (C1, Exmax/Emmax = 

250/427) and a protein-like component (C2, Exmax/Emmax = 275/339) were 

identified. The vertical distribution of C1, a tracer for CDW, suggested that the 

DIS was more directly influenced by the supply of DOM from sediment origin 

and glacier meltwater to the euphotic zone due to the intrusion of warm CDW.

The supply of DOM by the CDW to the euphotic zone in the DIS can expose 

DOM to UV radiation, which enhances CDOM photo-degradation in the upper 

layer. In contrast, the CDW intrusion to the basal glacier in the WGIS was

prevented by the Antarctic slope front (ASF), which forms isopycnal gradients in 

bottom depth. As a result, the distinct regional differences of optical properties 

between DIS and WGIS occurred. The FDOMH* values, calculated by a 

significant positive relationship between C1 and apparent oxygen utilization 

(AOU) (r2=0.45, p < 0.05 in the WGIS, and r2=0.47, p < 0.05 in the DIS), showed 

positive values, revealing that C1 was derived from sediments in both the WGIS 

and DIS. In addition, the relationships between C2, nutrient, and particulate 

organic carbon (POC) suggested that C2 was mainly originated from marine 

primary production and sea ice or microbial activity origin in both the WGIS and 

DIS. The results of this study indicate that the differences in the characteristics of 

DOM between the WGIS and DIS are likely caused by the difference of the CDW 

intrusion pathway rather than the differences of DOM sources. Therefore, this 

study suggests that the changes in the CDW intrusion pathway by glacial basal 

melting and/or global warming may result in the change in DOM quantity and 

quality in West Antarctica.
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� . Introduction

The Southern Ocean (south of 50 °S) is considered to be the strongest 

sink of anthropogenic carbon (Sabine et al., 2004; Takahashi et al., 2009; 

Frölicher et al., 2015). Recently the extent of sea ice has decreased because 

of the rapid climate changes in the Southern Ocean (Thomas et al., 2004; 

Cavalieri and Parkinson, 2008; Rignot et al., 2008; Turner et al., 2009; 

Pritchard et al., 2012). Especially, the Western Antarctic is considered as 

the region of sensitivity to climate change (Jacobs and Comiso, 1997; 

Stammerjohn et al., 2012; Criscitiello et al., 2013). The Amundsen Sea

located in the western Antarctica and is known as the most productive 

polynyas around Antarctica (Arrigo et al., 2012). This region is 

experiencing a rapid rate of decrease in sea ice concentration, ice retreat, 

and glacial melting that resulted in the sea level rises (Rignot et al., 2008; 

Pritchard et al., 2012; Stammerjohn et al., 2012). The main driver of these 

recent sea ice and glaciers melting has been addressed to be the intrusion 

of warm and salty circumpolar deep water (CDW) that circulates around 

the Antarctic (Jacobs et al., 1996; Walker et al., 2007; Jenkins et al., 2010; 

Pritchard et al., 2012; Ha et al., 2013; Kim et al., 2017). This relatively 

warm and salty CDW intrusion to the continental shelf drives the basal 
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melting of floating glaciers and thinning of the outlet glaciers (Walker et 

al., 2007; Jenkins et al., 2010). This melting by rapid climate change can 

be attributed to the meltwater spreading, biogeochemical cycle, and 

freshening of Antarctic coastal water that influences the Antarctic Bottom 

Water (AABW) formation (Thurnherr et al., 2014). The Amundsen Sea 

Polynya (ASP) was reported as the most productive polynyas among the 

coastal polynyas around Antarctica (Arrigo and van Dijken, 2003; Arrigo 

et al., 2012). Glacial melt water supplies not only bioavailable iron but 

also dissolved organic matter (DOM) (Stedmon et al., 2011; Yager et al., 

2012; Brogi et al., 2018) to the ASP and affects the primary production 

and carbon cycle in the Amundsen Sea. So, knowledge of the distribution 

and characteristics of DOM is important.

In the recent DOM studies in the Amundsen Sea in Southern Ocean are 

reported relationship between heterotrophic microbial processes and 

dissolved organic carbon (DOC) cycle in glacier meltwater (Min et al., 

2022), and Kim et al. (2022) reported how heterotrophic metabolic 

response affects the biological carbon pump. The ecological importance 

of viral Lysis by phytoplankton which effect to the microbial food web, 

and carbon export was reported by Eich et al. (2022). Lee et al. (2016) 

reported the relationship between the phytoplankton composition and the 

CDOM production, and Chen et al. (2019) reported the production of 



- 3 -

tyrosine-like fluorescence and labile CDOM by primary productivity. Also, 

Jeon et al. (2021) traced the CDW circulation and glacial meltwater 

distribution by using humic-like FDOM to understand the DOC dynamic. 

Despite these studies, the characteristics and the dynamics of the DOM

are still poorly understood. In particular, there is little known about DOM

in front of the West Getz Ice Shelf.

The chromophoric dissolved organic matter (CDOM), the coloured 

fraction of DOM, can be an optically important constituent in ocean 

environment because it absorbs ultra-violet and visible light. Light 

absorption by CDOM can implicate the primary production by reducing 

the light availability for phytoplankton, and influencing the euphotic zone 

(Osburn et al., 2009). Because CDOM can absorb solar radiation, they 

may also contribute to the thermodynamics of the upper ocean (Kirk, 1988; 

Granskog et al., 2007). CDOM can play important roles in biogeochemical 

and physical processes in the ocean. So, it is important to understand the 

distribution of DOM and its sources in the Amundsen Sea which is one of 

the most rapidly warming regions on Earth (Bromwich et al., 2013).

Absorption spectra analysis of CDOM can use to understand the DOM 

cycling in aquatic ecosystems (Bricaud et al., 1981). The absorption 

coefficient (aCDOM) and CDOM spectral slope (S) can recognize proxies of 

CDOM concentration and molecular weight (Helms et al., 2008). 
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Fluorescent dissolved organic matter (FDOM) is a fraction of the CDOM, 

which has different optical properties depending on the molecular 

structure of the DOM. These properties can allow us to identify the 

fluorescence characteristics and sources of DOM. Also, to characterize the 

properties of DOM, specific UV absorbance (SUVA254) can use indices 

such as which indicates DOM aromaticity (Weishaar et al., 2003).

These research areas are located in the West of Getz Ice Shelf (WGIS),

and in the Dotson Ice Shelf (DIS) which are influenced by the circulation 

of DOM due to ice shelf loss due to rapid climate change. Here, three-

dimensional fluorescence excitation-emission matrices (EEMs) were 

analyzed by parallel factor (PARAFAC) modeling to understand the 

regional characteristics of DOM in the Amundsen Sea. The objective of 

this study is to investigate the fluorescence characteristics and dynamics 

of DOM in front of the West of Getz Ice Shelf (WGIS) and Dotson Ice 

Shelf (DIS) in the Amundsen Sea. So, hydrographic characteristics of the 

water column, concentrations of DOC, and optical properties of DOM 

were identified. In addition, the source of DOM was identified by using 

the optical properties of DOM.
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� . Materials and methods

2.1 Sampling

The sampling stations is shown in Figure 1. Stations are located in the 

West of the Getz ice shelf (WGIS) and Dotson Ice Shelf (DIS) in the 

Amundsen Sea in West Antarctica. Sea water samples and environmental 

data were collected abroad in the Korean icebreaker research vessel 

(IBR/V), Araon from January 6 to February 16 in 2020 (ANA10B) (Figure 

1). Sampling was conducted at 22 stations during the cruise in the WGIS 

and DIS. The sampling dates, locations of sampling sites, and station 

depths are listed in Table 1.

At all the stations, seawater samples were collected using a rosette 

sampler equipped with 24 – 10 L Niskin bottles, and hydrographic 

information (temperature, salinity) was obtained from the conductivity-

temperature-depth (CTD) sensors (Sea-Bird Electronics, SBE 911 plus).

The mixed layer depth (MLD) was estimated from CTD density profiles 

and is defined as the depth at which the density change exceeded 0.05 kg 

m-3 relative to the reference value at a 10 m depth (Venables and Moore, 

2010). The euphotic zone depth (EZD) is defined as the depth at which 

photosynthetically available radiation (PAR) was 1 % (Kirk, 1994).
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Apparent oxygen utilization (AOU) was calculated as a difference 

between measured DO concentrations and its equilibrium saturation. AOU 

was calculated below 50 m because the exchange of oxygen between the 

ocean and the atmosphere strongly influences the accurate estimation of 

AOU.
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Figure 1. Location of the sampling stations in the West of the Getz Ice Shelf (WGIS) and Dotson Ice Shelf (DIS) in the 

Amundsen Sea during ANA10B cruise.
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Table. 1

The sampling dates, locations of stations depths in the Amundsen Sea during January 2020
station Date Latitude Longitude depth (m) MLD (m) EZD (m)

1 01/06/2020 -74.20 -143.00 3607 40 31

2 01/06/2020 -74.32 -141.83 2206 30 19
3 01/06/2020 -74.40 -141.00 431 30 18

4 01/06/2020 -74.50 -140.00 550 23 28

5 01/06/2020 -74.60 -139.00 705 42 54
6 01/08/2020 -74.00 -137.00 2319 24 13

7 01/08/2020 -74.20 -136.40 557 16 13

8 01/09/2020 -74.30 -135.70 488 16 12
9 01/09/2020 -74.40 -135.00 617 23 11

10 01/09/2020 -74.50 -134.30 465 30 13

11 01/09/2020 -73.30 -131.60 429 14 26
12 01/09/2020 -73.60 -131.00 500 19 15

13 01/09/2020 -73.80 -130.20 582 15 12

14 01/10/2020 -74.00 -129.40 707 20 11
22 01/23/2020 -73.60 -127.80 527 30 12

23 01/23/2021 -73.35 -128.05 616 25 11

24 01/23/2022 -73.08 -128.49 558 23 13
25 01/27/2020 -72.44 -116.46 553 13 na

26 01/27/2020 -73.28 -114.96 832 37 24

27 01/28/2020 -74.17 -113.33 532 32 11
28 01/28/2020 -74.17 -112.20 790 47 12

29 02/16/2020 -73.92 -117.29 777 80 na

* na: not available
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2.2 Onboard measurements

Seawater samples for inorganic nutrients, including nitrate and nitrite 

(NO3+NO2), phosphate (PO4), silicic acid (Si(OH)4), and ammonium 

(NH4), were drawn from the Niskin rosette into a 50 mL conical tube, and 

immediately stored in a 4 °C refrigerator prior to chemical analysis.

Inorganic nutrients were determined by using a four-channel continuous 

Auto-Analyzer (QuAAtro, Seal Analytical) according to the Joint Global 

Ocean Flux Study (JGOFS) protocols described by Gordon et al. (1993).

The precision of the analysis procedures for the NO3+NO2, PO4, Si(OH)4, 

and NH4 were ± 0.14, ± 0.02, ± 0.28, and ± 0.18 µmol kg-1, respectively.

Seawater samples for chlorophyll a (Chl a) were collected in the upper 

200 m and prefiltered through a precombusted (at 550 � for 6h) Whatman 

GF/F filter. Chl a was extracted 90 % acetone for 24 h and measured 

onboard using a fluorometer (Trilogy, Turner Designs, USA).
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2.3 CDOM analysis

Seawater samples for CDOM absorbance analysis were drawn from the 

Niskin bottle by gravity filtration through an inline precombusted (at 550 �

for 6 h) Whatman GF/F filter (47 mm, 0.45 µm pore) which was held in

an acid-cleaned (0.1 M HCl) polycarbonate 47 mm filter holders (PP-47, 

ADVANTEC). This filter holder was attached directly to the Niskin bottle 

spigot. The filtering systems were rinsed with the seawater sample before 

its collection and collected in a 200 mL acid-cleaned glass bottle. Samples 

were immediately distributed into two pre-combusted 20 mL glass 

ampoules (at 550 °C for 6 h) with a sterilized serological pipette. The glass 

ampules were sealed with a torch, quickly frozen, and preserved at – 24

°C freezer until analysis.

Spectra of CDOM absorbance was measured throughout the UV–

visible spectrophotometer (Shimadzu UV–2600, Japan) with a 1 cm quartz 

cuvette using Milli-Q water as a reference. Spectra were performed 

between 200 and 800 nm every 1.0 nm intervals with a slow scan speed in 

duplicate and then averaged. CDOM absorbance spectra were corrected 

for the residual absorbance at 750 nm by subtracting where organic matter 

absorption rarely occurs. The corrected CDOM absorption coefficient (aλ) 

was converted into absorption coefficients using the following equation:
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a(λ) = 2.303 ×
�(�)

�
                                       (1)

where the a(λ) is the Naperian absorbance coefficient (m-1) at a specific 

wavelength (λ, in nm), 2.303 is the conversion factor from log10 to log 

units, and l is the length of the optical path in meters (here 0.01 m) (Blough 

and Green, 1995; Kahru and Mitchell, 2001). The absorption coefficient 

(aλ) was calculated at 350 nm (a350). In this study, a350 was chosen to 

describe the quantity of CDOM.

The slope coefficient of the CDOM absorption spectrum, S (nm-1), was 

calculated using the following equation:

a(λ) = a(λ�) × e��(����)                                   (2)

where the a(λ0) is the absorption coefficient at a reference wavelength (m-

1), S is the slope (nm-1), and the spectral slope coefficient in the λ – λ0 nm 

spectral range (Bricaud et al., 1981). The S value was estimated at the 

275–295 nm spectral range (S275–295). S275-295 is characterized by the 

highest variations and this spectrum offers an indication of a reliable proxy 

of CDOM molecular weight, photobleaching, and DOM source in the

marine environment (Carder et al., 1989; Helms et al., 2008; Fichot and 

Benner, 2012).
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2.4 FDOM analysis

Seawater samples for FDOM analysis were collected in the same way 

as CDOM sampling. Filtered samples were collected in glass ampoules,

sealed with a torch, and stored at dark – 20 °C freezer until the analysis.

Three-dimensional fluorescence excitation-emission matrices (EEMs) 

were conducted using a Hitachi F–7100 luminescence spectrometer. 

EEMs analysis was conducted by detecting emission wavelengths (Em) of 

280–550 nm at 1 nm intervals, and excitation wavelengths (Ex) of 250–

500 nm at 5 nm intervals. The scan speed was 12000 nm/min. The Milli-

Q water was used as a blank. The EEMs were corrected for the inner filter 

effect by diluting with Milli-Q water when the sample was higher than 0.3 

cm-1 at 254 nm (Lakowicz, 1999; Zepp et al., 2004). The Raman Unit 

(R.U.) normalization was conducted by subtracting the Milli-Q water 

measured in the same conditions from the EEMs and integrating the 

Raman-integrated area from 380 to 420 nm at 350 nm excitation (Stedmon 

et al., 2003). The EEMs were elaborated with the parallel factor 

(PARAFAC) modeling by using MATLAB with the DOM Fluor toolbox

(Stedmon and Bro, 2008). The number of components was determined 

based on split-half validation.

The relative abundances of each fluorescent component were 
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determined by dividing each component fluorescent intensity by total 

fluorescence intensity (e.g., C2 % = C2 / (C1 + C2) × 100). The source of 

humic-like FDOM (FDOMH) in marine environments can be separated 

into autochthonous DOM and allochthonous DOM. A general linear 

relationship between FDOMH and AOU was the result of the in situ 

production of FDOMH during oxygen consumption by microbial 

degradation (Hayase and Shinozuka, 1995; Yamashita et al., 2007; 

Yamashita and Tanoue, 2008; Jørgensen et al., 2011; Catalá et al., 2015; 

Yamashita et al., 2020). The FDOMH–AOU relationship observed in the 

bathypelagic layer is very similar to that observed in the global ocean 

(Jørgensen et al., 2011). So, autochthonous FDOMH was determined the 

by the linear regression between AOU and FDOMH which is produced by 

consuming the oxygen, and allochthonous FDOMH (FDOMH*) was

estimated by the following equation by Yamashita (2020):

autochthonous FDOM� = 1.54 × 10�� × AOU + 2.17 × 10��     (3)

FDOM�
∗ = FDOM� − autochthonous FDOM�                    (4)

Samples in the upper 200 m was excluded when calculating autochthonous 

FDOMH and FDOMH* values because the abundance of FDOMH is 

controlled by photodegradation from sunlight in the surface layer, and 

AOU is controlled by air-sea gas exchange.
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2.5 POC

For particulate organic carbon (POC) analyses, seawater samples were 

drawn from the Niskin bottle into an amber polyethylene bottle. 1–2 L of 

seawater samples were filtered on a pre-combusted (at 550 °C for 6 h) 

GF/F filter (47 mm, 0.45 µm pore; Whatman) with a gentle vacuum at 0.1 

< MPa. Before analysis in the land laboratory, the filters were stored at –

80 °C deep freezer.

The filters were freeze-dried overnight at – 80 °C deep freezer and 

acidified by HCl fuming in a desiccator until 24 h to remove inorganic 

carbon as described by Jung et al. (2020). The acidified samples were 

neutralized by NaOH with silica gel in a desiccator and kept in a vacuum 

for 24 h. Samples were measured by CHN elemental analyzer (Vario 

MACRO cube, Elementar, Germany). Acetanilide was used as a standard. 

The analytical precision was ± 4 %.
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2.6 DOC

Seawater samples for dissolved organic carbon (DOC) were collected 

in the same way as CDOM sampling. DOC concentrations were measured 

by high-temperature combustion using a Shimadzu TOC-L analyzer. DOC 

concentrations were corrected with the 18.2 MΩ ultrapure Milli-Q 

(Millipore) water and consensus reference material (CRM, 42–45 μM C, 

deep Florida Strait water obtained from the University of Miami). CRM 

was measured every sixth analysis to check the accuracy of the 

measurements and analytical errors of samples were in agreement within 

5%.

The carbon-specific UV absorbance (SUVA) is defined as the UV 

absorbance of a water sample at a given wavelength normalized for DOC 

concentration (Weishaar et al., 2003). Specific UV absorbance at 254 nm 

(SUVA254) was calculated as:

SUVA��� =
����

���
                    (5)

SUVA254 (L mg C-1 m-1) has been reported that it was commonly used as 

an indicator of aromaticity of aquatic humic substances (Westerhoff et al., 

2004). As SUVA254 is 3 or higher than the DOC is composed largely of the

high aromaticity of DOC (Berggren et al., 2009; Asmala et al., 2013).
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2.7 Data analyzes

Statistical analyzes were performed with SPSS 12.0 (Statistical 

Program for Social Sciences) software was used for statistical analysis. 

Pearson’s correlation was used to analyze, using a p-value of 0.05 or 0.01 

to determine statistical significance. The correlation analyses were used to 

examine the relationship between variables.
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� . Results

3.1 Physical and chemical environmental characteristics of the study 

area

The sampling dates, location and depth of sampling stations are 

presented in Table 1. Four different water masses were identified by the 

potential temperature-salinity (θ-S) diagrams (Figure 2): Antarctic Surface 

Water (AASW), Winter Water (WW), modified CDW (mCDW), and 

Circumpolar Deep Water (CDW) (Jacobs et al., 2012; Yager et al., 2012).

CDW, with high temperature (>1 ) � and high salinity (>34.7), is sourced 

from the Antarctic Circumpolar Current (ACC) that flows close to the 

continental margin (Orsi et al., 1995). In this study, CDW was observed at 

depths of >500 m. mCDW (0–1 , � S<34.6) originates from the CDW 

which intrudes into the shelf through glacier–carved troughs. mCDW was 

observed above the depth of the CDW. WW (< –1.7 , � S <34.1) is the 

coldest and saline water mass that overlies the mCDW (about 200–400 m 

in this study), formed through sea ice production during the previous 

winter. When the sea ice starts to melt, the upwelling of freshened and 

warmed water of WW becomes AASW. The AASW (–1.7<T<0 , � S 

<34.1) was observed in the upper 200 m.
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On all profiles, the range of salinity (Figure 3a) and potential 

temperature (Figure 3b) were from 33.29 to 34.72 and from –1.82 to 1.73, 

respectively. And the vertical distribution of potential temperature and 

salinity was shown in Figure 4. The mixed layer depth (MLD) ranged from 

13 m to 80 m with a mean of 28.59 ± 14.85 m (Table 1). The deepest MLD 

was shown at station 29, and the shallowest MLD was shown at station 25.

The range of the euphotic zone depth (EZD) was from 11 m to 54 m with 

a mean of 17.95 ± 10.55 m (Table 1).

The profiles of inorganic nutrients (NO3+NO2, PO4, Si(OH)4, and NH4) 

are presented in Figure 5. In WGIS, the concentrations of NO3+NO2, PO4

and Si(OH)4 ranged from 2.08 to 34.27 µM (mean: 28.12 ± 6.93 µM), 

0.64–2.34 µM (mean: 2.01 ± 0.35 µM), and 78.02–138.11 µM (mean: 

89.60 ± 8.77 µM), respectively (Figure 5). Compared to other inorganic 

nutrients, ammonium concentration was relatively low from 0.01 to 1.36 

µM (mean: 0.39 ± 0.27 µM) (Figure 5d). In DIS, the concentrations of 

NO3+NO2, PO4, Si(OH)4, and NH4 ranged from 1.04 to 33.67 µM (mean: 

25.66 ± 10.32 µM), 0.43–3.42 µM (mean: 1.91 ± 0.66 µM), 64.01–104.12

µM (mean: 91.00 ± 9.68 µM), and 0.01–5.15 µM (mean: 1.26 ± 1.43 µM),

respectively (Figure 5). Vertical profiles of major inorganic nutrients

(NO3+NO2, PO4, and Si(OH)4) showed the lowest values in the surface 

layer, and increased as the depth increase (Figure 5). However, the profile 
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of NH4 showed no distinct patterns in the water column.

AOU concentrations ranged from 3.54 to 150.92 µmol/kg with a mean

value of 88.27 ± 30.21 µmol/kg in WGIS. In DIS, AOU concentrations 

ranged from 23.69–141.94 with a mean value of 104.21 ± 30.79 µmol/kg.

In the DIS, the higher AOU values were shown in 100–400 m compared 

to that of the WGIS. The vertical profile of AOU showed a significant 

increase with depth.
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Figure 2. Potential temperature-salinity (θ-S) diagram of the sampling 

stations along the west of the Getz ice shelf (WGIS) (black 

circle) and the Dotson ice shelf (DIS) (red triangle) in the 

Amundsen Sea.
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Figure 3. Spatial distributions of (a) salinity and (b) temperature (�) in the 

WGIS and DIS in the Amundsen Sea. The station numbers are 

shown at the top of each station. The white dotted lines and 

white solid lines indicate the euphotic zone depth (EZD) and the 

mixed layer depth (MLD), respectively.
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Figure 4. Vertical profiles of salinity and potential temperature ( )� in 

WGIS and DIS in this study. In WGIS, data were plotted as grey 

dots, with a black line that represents the mean value, and the 

error bar representing standard deviations. In DIS, data were 

plotted as red dots, with a red line that represents the mean value, 

and the error bar representing standard deviations.
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Figure 5. Vertical distributions of (a) nitrate and nitrite (µmol/L)

(NO3+NO2), (b) phosphate (PO4), (c) silicic acid (Si(OH)4), and 

(d) ammonium (NH4)) in the WGIS and DIS.
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Figure 6. The vertical patterns of AOU (µmol/kg) in the WGIS and DIS in 

the WGIS and DIS, Amundsen Sea.
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3.2 Distribution of chl a

The range of the chl a concentration in WGIS was from 0.05 to 15.99 

mg/m3 (4.70 ± 4.45 mg/m3) (Figure 7a). In DIS, the range of the chl a

concentration was from 0.14 to 19.28 mg/m3 (5.13 ± 6.00 mg/m3) (Figure 

7a). The mean value and range of chl a concentration in DIS was higher 

compared to WGIS. The highest chl a concentration was shown in station 

27 at 15 m in DIS. In the EZD, the chl a concentration was shown in the 

range from 0.08 to 17.90 mg/m3, and the average value was 7.87 ± 5.11

mg/m3. Below the EZD, the range of chl a concentration was from 0.05 to 

19.28 mg/m3 with an average value of 3.54 ± 3.96 mg/m3. The chl a

concentration was higher in EZD than the below EZD layer. The vertical 

profile of chl a showed the highest concentration in the surface layer and 

showed a sharp decrease with the depth increased (Figure 7b).
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Figure 7. The spatial (a) and vertical profiles (b) of chl a (mg/m3) in the 

WGIS and DIS. The station numbers are shown at the top of 

each station. 
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3.3 Distribution of POC

The overall POC concentrations ranged from 3.90 to 77.41 µM C (16.87

± 16.97 µM C) (Figure 8a). The range of the POC concentrations in WGIS

was from 3.90 to 77.41 µM C (16.29 ± 16.56 µM C) (Figure 7a). In DIS, 

the range of the POC concentrations was from 4.81 to 71.15 µM C (18.79

± 18.17 µM C) (Figure 7a). There was no difference in the mean value of 

POC concentrations between WGIS and DIS. The average value of POC 

in the EZD is 40.93 ± 19.27 µM C with a range from 6.84 to 77.41 µM C.

In the below EZD, the mean value was 12.22 ± 12.47 µM C with a range 

from 3.90 to 69.55 µM C. POC concentration showed a high value in the 

EZD layer and showed a rapid decreasing pattern as the depth increased.
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Figure 8. The (a) spatial and (b) vertical profiles of POC (µM C) in the 

WGIS and DIS in the Amundsen Sea.
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3.4 Distribution of DOC

The range of DOC concentrations was from 36.44 to 70.02 µM C 

(Figure 9a). The average of DOC concentration was 43.22 ± 7.30 µM C 

from all the stations. The range of DOC concentrations in WGIS was from 

33.40 to 81.80 µM C (mean: 43.26 ± 7.67 µM C) (Figure 9a). In DIS, the 

range of the DOC concentrations was from 31.09 to 61.96 µM C (mean: 

43.07 ± 5.97 µM C) (Figure 9a). The range of DOC concentration was 

wider in WGIS compared to DIS. However, the mean value of DOC 

concentration did not show any difference. In the EZD, DOC 

concentrations ranged from 36.44 to 70.02 µM C, and the average value 

was 46.87 ± 7.58 µM C. In the below the EZD, the range and average 

value of DOC concentration were from 31.09 to 81.80 and 42.27 ± 7.02

µM C, respectively. The DOC profile showed a decreasing pattern as the 

depth increased (Figure 9b).
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Figure 9. The (a) spatial and (b) vertical profiles of DOC (µM C) in the 

WGIS and DIS in the Amundsen Sea.
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3.5 Distribution of a350

On all profiles, the range of a350 was from 0.01 to 1.44 m-1 (Figure 10a).

The average value of a350 was 0.30 ± 0.26 m-1. The highest a350 was shown 

in 140 m at station 14. The range of a350 concentrations in WGIS was from

0.03 to 1.44 m-1 (mean: 0.34 ± 0.27 m-1) (Figure 10a). In DIS, the range of 

the a350 concentrations was from 0.01 to 0.45 m-1 (mean: 0.14 ± 0.11 m-1)

(Figure 10a). The mean value of a350 concentration was higher and the 

range of a350 concentration was wider in WGIS compared to DIS (Figure 

10b). In the EZD, a350 ranged from 0.08 to 1.16 m-1 with an average value 

of 0.37 ± 0.28 m-1. Below the EZD, the a350 ranged from 0.01 to 1.44 m-1

with an average value of 0.31 ± 0.26 m-1, indicating that there was no 

significant difference between a350 concentration in EZD and a350

concentration under EZD.
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Figure 10. The (a) spatial and (b) vertical profiles of a350 (m-1) in the WGIS 

and DIS in the Amundsen Sea.
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3.6 Distribution characteristics of FDOM

Two components were identified from the EEMs data of the study area 

by the PARAFAC model. The optical properties of each component and 

the comparisons of the results of previous studies are shown in Table 2. 

The components were identified by the OpenFluor database with Tucker's 

congruence coefficients, which were higher than 0.95 on the excitation 

and emission spectra simultaneously.

Based on the excitation-emission maximum, the peaks of a humic-like 

component (C1) and one protein-like component (C2) were characterized.

C1 showed the maximum peak 250 nm for the excitation (Ex) wavelength 

and 427 nm for the emission (Em) wavelength, which is similar to peak-

A introduced by Coble (1996) (Figure 11a). Peak-A represents described 

as an FDOMH, the terrestrial humic-like component, that is derived from 

the terrestrial substances or organic compounds in soil (Coble, 1996; 

Stedmon and Bro, 2008; Yamashita and Tanoue, 2008). C2 showed peaks 

at Ex/Em wavelength of 275/339 (Coble, 1996; Stedmon and Bro, 2008; 

Yamashita and Tanoue, 2008) (Figure 11b). C2 was similar to the peak-T 

by Coble (1996) which associated with the autochthonous processes.

The intensity of C1 ranged from 0.010 to 0.031 R.U. with an average 

value of 0.017 ± 0.003 R.U. (Figure 12a). In WGIS, the intensity of C1 
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ranged from 0.010 to 0.031 R.U. with an average value of 0.017 ± 0.003 

R.U. In DIS, the intensity of C1 ranged from 0.015 to 0.029 R.U. with an 

average value of 0.020 ± 0.003 R.U. In the EZD, the range of C1 intensity 

was from 0.010 to 0.023 R.U. with an average value of 0.015 ± 0.003 R.U.

Below the EZD, C1 intensity ranged from 0.010 to 0.031 with an average 

value of 0.017 ± 0.003 R.U. C1 intensity was slightly higher in the below 

EZD layer compared to the EZD layer (Figure 12a).

On all profiles, the intensity of C2 ranged from 0.001 to 0.049 R.U. with 

an average value of 0.007 ± 0.007 R.U. (Figure 12b). In WGIS, the 

intensity of C2 ranged from 0.001 to 0.045 R.U. with an average value of 

0.007 ± 0.006 R.U. In DIS, the intensity of C2 ranged from 0.001 to 0.049 

R.U. with an average value of 0.008 ± 0.009 R.U. In the EZD, the range 

of C2 intensity was from 0.003 to 0.049 R.U. with an average value of 

0.011 ± 0.009 R.U. Below the EZD, C2 intensity ranged from 0.001 to 

0.043 R.U. with the average value of 0.006 ± 0.006 R.U. The highest C2 

intensity was shown in the EZD and decreased with depth. The pattern of 

the vertical distribution of C1 was the reverse of that of C2.
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Table. 2

Fluorescent dissolved organic matter (FDOM) of components determined by the PARAFAC model. The components were 

identified in previous studies from the OpenFluor database

Component Exmax

(nm)

Emmax

(nm)

Coble 

(1996)

Probable sources Previous studies

C1 250 427 Peak-A Terrestrial humic-like associated with soil 

organic

C2: 225/433 nm (Retelletti Brogi et al., 2018)

C1: 250/448 nm (Jeon et al., 2021)

C2: 250/430 nm (Painter et al., 2018)

C2: <250,320/455 (Retelletti Brogi et al., 2019)

C2 275 339 Peak-T Protein-like (Tryptophan), Aminoacids; 

derived from the autochthonous

C3: 270/339.5 (Cabrera et al., 2020)

C3: 280/320 (Kim et al., 2020)

C3: 275/340 (Stedmon et al., 2011)

C3: 275/338 (Retelletti Brogi et al., 2019)
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Figure 11. EEM contour plots of the fluorescent spectra of the two components (a) C1 

(Exmax/Emmax: 250/427, R.U.) and (b) C2 (Exmax/Emmax: 275/339, R.U.), 

identified by PARAFAC analysis in the seawater samples with excitation-

emission matrix spectroscopy (EEMs). (c) Loading of C1 and (d) loading 

of C2 were shown with the blue solid lines representing the excitation 

wavelength and the orange solid lines representing the emission wavelength.
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Figure 12. Spatial distributions of (a) C1, and (b) C2 along the west of the Getz ice 

shelf (WGIS) and the Dotson ice shelf (DIS) in the Amundsen Sea.



- 38 -

3.7 Distribution of optical indices of DOM

Optical indices such as S275-295 (nm-1), and SUVA254 (L mg C-1 m-1) were evaluated 

for all samples to characterize the properties of DOM.

S275-295 varied from 0.0073 to 0.0506 nm-1 with the average value of 0.0194 ± 0.0069

nm-1 (Figure 13a). In WGIS, the value of S275-295 ranged from 0.0073 to 0.0399 nm-1

with an average value of 0.0173 ± 0.0045 nm-1 In DIS, the value of S275-295 ranged from 

0.0144 to 0.0506 nm-1 with an average value of 0.0266 ± 0.0086 nm-1. The average 

value of S275-295 in the DIS was higher than in the WGIS (Figure 13a).

On all profiles, the SUVA254 varied from 1.22 to 7.39 L mg C-1 m-1 with an average 

value of 2.85 ± 1.23 L mg C-1 m-1 (Figure 13b). In WGIS, the SUVA254 ranged from 

1.22 to 7.39 L mg C-1 m-1 with a mean value of 3.08 ± 1.27 L mg C-1 m-1. In DIS, the 

SUVA254 varied from 1.23 to 4.42 L mg C-1 m-1, and the average value was 2.10 ± 0.67

L mg C-1 m-1. The mean value of SUVA254 was higher in WGIS compared to DIS (Figure 

13b).
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Figure 13. Vertical profiles of S275-295 (nm-1), and SUVA254 (L mg C-1 m-1) in the WGIS and DIS in the Amundsen Sea. 
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� . Discussions

4.1 Differences in DOM quantity and quality in WGIS and DIS

In order to understand the difference in DOM quantity and quality 

between WGIS and DIS, the concentration of CDOM and DOC were 

measured and both S275-295 and SUVA254 were compared in 2020.

In contrast to the DIS (mean: 0.14 ± 0.11 m-1, 0.01–0.45 m-1), 

significantly high concentrations and wide range of a350 were shown in 

WGIS (mean: 0.34 ± 0.27 m-1, 0.03–1.44 m-1) (Figure 10b). Also, a 

different distribution of DOC concentration was observed. Although mean 

values of DOC were very similar between WGIS and DIS (43.26 ± 7.67 

µM C in WGIS and 43.07 ± 5.97 µM C in DIS, respectively), the WGIS 

showed a wider distribution range compared to DIS (33.40 to 81.80 µM C 

in WGIS and 31.09 to 61.96 µM C in DIS, respectively) (Figure 9b). These 

results indicate that there is a difference in the concentration and 

distribution of dissolved organic matter between the WGIS and DIS.

Significant differences in DOM quality between WGIS and DIS were 

found from S275-295 for average molecular weight (Figure 13a), and 

SUVA254 for aromaticity (Figure 13b) (Carder et al., 1989; Ohno, 2002; 

Weishaar et al., 2003). A higher value of S275-295 in DIS (0.0266 ± 0.0086 
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nm-1) compared to WGIS (0.0173 ± 0.0045 nm-1) was observed. This 

result indicates the predominance of the low molecular weight CDOM in 

DIS compared in WGIS. WGIS (range: 1.22–7.39 L mg C-1 m-1, mean: 

3.08 ± 1.27 L mg C-1 m-1) showed a higher SUVA254 value of 3 or more

and a wider range of SUVA254 than DIS (range: 1.23–4.42 L mg C-1 m-1, 

mean: 2.10 ± 0.67 L mg C-1 m-1). This result indicates that the DOM in 

WGIS is more aromatic than DOM in DIS. This implies that refractory 

DOM is abundant in WGIS than in DIS.

Figure 14 showed the significant difference in CDOM concentration 

and CDOM molecular weight between DIS and WGIS in this study. The 

two regions showed clear difference in CDOM concentration and CDOM 

molecular weight despite being adjacent study areas. These differences in 

the DOM quantity and quality between DIS and WGIS might related with 

the physical differences such as the Antarctic Slope Front (ASF) as 

reported in the Southern Ocean. The ASF is formed along the Antarctic 

continental shelf which is associated as a response to Ekman forcing 

caused by the prevailing easterly wind (Sverdrup, 1953; Muench and 

Gordon, 1995; Chavanne et al., 2010). The ASF can induce differences in 

seawater exchange and structure across the Antarctic Front (Large and 

Yeager, 2009). This difference in ASF structure can affect Antarctic 

Bottom Water (AABW) formation, primary production, carbon cycle, and 
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global overturning circulation (Thompson et al., 2018). The ASF can also 

affect ice shelf basal melting around Antarctica by providing a large source 

of heat through the transport of the warmer CDW onto the shelf (Fahrbach 

et al., 1994; Walker et al., 2007; Wåhlin et al., 2010). Previous studies 

reported that the WGIS was the fresh shelf. Fresh shelf occurred isopycnal 

gradients of temperature and salinity that has the characteristics of a front 

separating fresh shelf water from CDW (Dong et al., 2016; Peña-Molino 

et al., 2016). DIS was the warm shelf that confirmed by a weak easterly 

wind and eastward Antarctic slope current (ASC), so removing the strong 

density gradient and shifting the CDW to the continental shelf (Schmidtko 

et al., 2014; Christie et al., 2018; Thompson et al., 2018; Dotto et al., 2020)

(Figure 15). So warm shelf regions can have uninhibited access CDW to 

the shelf (Jenkins & Jacobs, 2008). Recently, Jeon (2021) reported that 

humic-like FDOM can be used as a tracer for CDW in the Amundsen Sea.

The C1 in this study has a similarity of 0.95 or higher with the C1 study 

by Jeon (2021) which was confirmed in the OpenFluor online database 

(Murphy et al., 2014). So, CDW can traced by using C1 which shown in 

WGIS and DIS (Figure 12a). In WGIS, the distribution of C1 intensity

indicated that CDW inflow to the ice shelf, but inflow to the surface was 

disturbed. C1 intensity in DIS showed that CDW flow into the front of the 

ice shelf and upwelling to the surface. The two regions, WGIS and DIS, 
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were affected by the different structures of seawater exchanges. Shen 

(2018) reported that the degradation of refractory molecules is accelerated 

by stimulated microbial metabolism and enzyme production when 

refractory DOC is exposed to a labile substrate. Also, Shen and Benner

(2018) reported a decrease in ultraviolet light absorption (a350) and an 

increase in the spectral slope coefficient (S275-295) when CDOM is more 

exposed to solar radiation at the surface through photochemical reaction 

experiments. In this study, lower a350 and higher S275-295 along with the 

high NH4 and AOU that indicated the decomposition and oxygen 

consumption of organic matter were shown in DIS where CDW flow 

occurred from the bottom to the surface. So, these results suggest that the 

difference in the quantity and quality of DOM shown between WGIS and 

DIS is likely to be the result of the influx of CDW affected by ASF. This

difference in the inflow of CDW according to the specific region can 

influence the biological activity. 
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Figure 14. The scatter plot of CDOM absorption coefficient at 350 nm 

(a350, m-1) and CDOM exponential slope values between 275-

295 nm (S275-295, nm-1). Black dots represent the data of WGIS, 

and red triangles represent the data of DIS.
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Figure 15. The summary of the oceanic, atmospheric and geologic controls 

influencing glaciological change along (a) Getz Ice Shelf and (b) 

the region west of 135 °W (Christie et al., 2018).
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4.2 Sources of humic-like FDOM in the WGIS and DIS

To identify the source of humic-like FDOM (FDOMH) in this study area, 

the relationship between C1 and AOU was plotted (Figure 16). The 

positive linear relationship between C1 and AOU indicated that the 

positive linear relationship was primarily attributed to in situ microbial 

remineralization of sinking organic matter (Yamashita and Tanoue, 2008; 

Jørgensen et al., 2011; Yamashita et al., 2020). Jørgensen (2011) reported 

that similar positive linear relationships and slopes were observed in the 

bathypelagic layer throughout the global ocean except in the North 

Atlantic. The origin of humic-like FDOM in marine environments can be 

separated into the autochthonous and allochthonous matter. In order to 

estimate quantitatively level of autochthonous FDOM, a linear regression 

model between FDOMH and AOU (Equation 3) was used (Yamashita et 

al., 2020). The fluorescence intensity of excessive FDOMH, defined as the 

FDOMH* was quantified as the difference between the actual measured 

FDOM and the expected autochthonous FDOM (Equation 4) (Yamashita 

et al., 2020). Here, I assume that the autochthonous FDOM from FDOMH–

AOU relationship follows the process of aerobic remineralization of 

sinking organic matter. In this study, the expected autochthonous FDOM 

from FDOMH–AOU relationship in this study was estimated in WGIS and 
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DIS, since this study area is located in front of the ice shelf among the 

Antarctic Oceans, and it showed a higher level of FDOMH intensity and 

AOU values than the previously used relationship (Figure 16). The 

positive linear relationship in bathypelagic layer in WGIS (C1 = 0.9 × 10-

4 AOU + 9.54 × 10-3, r2 = 0.45, p < 0.05) and DIS (C1 = 0.6 × 10-4 AOU +

1.3 × 10-2, r2 = 0.47, p < 0.05) was observed. A positive FDOMH* value 

indicates the supply of C1 through the sediment (Kim et al., 2018), and 

the distribution of the pattern from the bottom to the surface was 

confirmed in WGIS and DIS. These results confirmed that both WGIS and 

DIS were supplied with FDOMH from sediment. So, these results 

confirmed that the supply of the humic-like FDOM of both WGIS and DIS 

is influenced by the supply of humic-like FDOM from sediment at the 

same time. Since there was no difference in the supply of humic-like 

FDOM between in front of the WGIS and DIS, the difference in the 

concentrations and properties of organic matter in front of the west of Getz 

ice shelf and Dotson ice shelf as independent of the supply of anaerobic 

FDOMH through sediment.
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Figure 16. Correlations between C1 (R.U.) and AOU (µmol/kg) in the 

mesopelagic layer (200 m–1000 m) in WGIS (C1 = 0.9 × 10-4 

AOU + 9.54 × 10-3, r2 = 0.45) and DIS (C1 = 0.6 × 10-4 AOU 

+ 1.3 × 10-2, r2 = 0.47). Black circles represent the samples in 

WGIS, and red triangles represent the samples in DIS. The 

reference equation 3 (Yamashita et al., 2020) was represented 

with a green line.
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Figure 17. Spatial distributions of FDOMH* along the WGIS and DIS in 

the Amundsen Sea in Antarctica. Data of autochthonous 

FDOMH and FDOMH* in the upper 200 m is omitted from the 

figures since it is affected by the air-sea gas exchange of 

oxygen.
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4.3 Sources of protein-like FDOM in the WGIS and DIS

In order to investigate the source of protein like FDOM C2 which is 

known to derive from the autochthonous origin (Stedmon et al., 2011; 

Retelletti Brogi et al., 2019; Cabrera et al., 2020; Kim et al., 2020), the

correlation among C2 %, PO4 (µM), and POC (uM C) (Figure 18) was

examined. The positive correlation between POC and chl a (y = 3.6228 x 

+ 9.9747, r² = 0.8793) was shown in this study (Figure 19), so POC was

used to estimate the phytoplankton carbon biomass. In this study, three 

groups of distribution in C2 %, PO4, and POC relationships were found

(Figure 18).

In the first group in this study, C2 % represents about 0 to 20 %, PO4

represents values between about 2 and 2.5 µM, and POC ranges from 

about 4.81 to 10 uM C. This group shows high nutrient concentration with 

low C2 % and low POC concentration at the same time. It means that C2 

in first group have been supplied through irrespective of nutrient 

consumption and biological activity. Through the θ–S diagram (Figure 20) 

showing the C2 % according to water mass, it was confirmed that 0–20 % 

of C2 % was mainly present in the WW–CDW mixing line between CDW 

and WW. This represents the C2 present in CDW and mCDW, and the 
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distribution of C2 supplied from the bottom layer due to the inflow of C2 

from sediments.

For second group in this study, C2 % represents about 20 to 50 %, PO4

represents values between about 0.43 and 2.34 uM, and POC ranges from 

about 4.29 to 77.41 uM C. These results seem to be an increase in C2 % 

since primary production with a decrease in nutrient concentration and an 

increase in POC concentration. The second group shows an increase in 

C2 % with an increase in primary production because nutrients are 

consumed and the POC concentration increases with primary production.

As like the result of this study, CDOM production and a high protein 

supply of phytoplankton in the Amundsen Sea were reported by Lee et al. 

(2016) and Song et al. (2016). In second group, the stations in the DIS 

showed a higher POC than WGIS, which means higher biological 

production in DIS.

In the third group, C2 % represents about over 50 %, PO4 represents 

values between about 0.75 and 2.41 umol/L, and POC ranges from about 

4.87 to 59.75 uM C. Although high C2 % was shown, the decrease in 

nutrient consumption and POC concentration was insignificant. Previous 

studies reported that the DOM remaining in the ice have a higher protein-

like fraction than humic-like DOM fraction (Retelletti-Brogi et al., 2018, 

Zabłocka et al., 2020). These results indicated C2 % supply by sea ice melt 
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water and microbial activity or bacterial metabolism independent of 

nutrient consumption.

A total of three groups representing sources of protein-like FDOM were 

identified in both WGIS and DIS. So, it was confirmed that there was no 

difference in the source of protein-like FDOM in front of the west of Getz 

ice shelf and Dotson ice shelf.
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Figure 18. Correlations between C2 % and PO4 (µmol/L) in the WGIS 

(circle) and DIS (triangle) in the Amundsen Sea in Antarctica.

The color bar shows the POC (µM C) concentration.
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Figure 19. Correlations between POC (µM C) and chl a (mg/m3) (y = 

3.6228x + 9.9747, r² = 0.8793) in the WGIS and DIS in the 

Amundsen Sea in Antarctica.
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Figure 20. Potential temperature-salinity (θ-S) diagram of the sampling 

stations along the west of the Getz ice shelf (WGIS) (circle) 

and the Dotson ice shelf (DIS) (triangle) in the Amundsen Sea. 

The color bar shows the C2 %.
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� Conclusion

During a research cruise (ANA10B), from January 6 to February 16 in 

2020, at 22 stations, the concentration, characteristics, distribution, and 

source of DOM were investigated to understand the fluorescence

characteristics and dynamics of DOM in front of the West of Getz ice shelf 

(WGIS) and Dotson ice shelf (DIS) in the Amundsen Sea.

The concentrations of a350 in WGIS and DIS were 0.34 ± 0.27 m-1 (0.03–

1.44 m-1) and 0.14 ± 0.11 m-1 (0.01–0.45 m-1), respectively, and S275-295 

was 0.017 ± 0.005 nm-1 (0.010–0.040 nm-1) and 0.027 ± 0.009 nm-1

(0.014–0.051 nm-1) which showing differences in CDOM concentration 

and molecular weight between WGIS and DIS. The DOC concentrations 

of WGIS and DIS were 43.26 ± 7.67 µM C (33.40–81.80 µM C) and 43.07 

± 5.97 µM C (31.09–61.96 µM C), respectively, in WGIS than in DIS. The 

difference in DOC concentration and optical properties of DOM in front 

of the western Getz ice shelf and the Dotson ice shelf could be caused by 

regional differences of CDW which inflows the different routes. The 

circulation of DOM is influenced by CDW inflows that different from 

region to region, so this difference resulted a difference in the 

bioavailability and degradation of DOM. Both in front of the west of Getz 

ice shelf and Dotson ice shelf were influenced by the supply of humic-like 
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FDOM through the sediments, and there was no difference between the 

two regions. So, the differences in DOC concentration and optical 

properties of DOM do not appear to be related to the supply of anaerobic 

humic-like FDOM through the sediment. In addition, three groups which 

contained supply by sediment and other water masses, primary production, 

and microbial activity were identified as sources of protein-like FDOM in 

both WGIS and DIS. The source of protein-like FDOM in front of the west 

of Getz ice shelf and Dotson ice shelf did not show any difference between 

the two regions. So, the difference in DOC concentration and optical 

properties of DOM confirmed in front of the western Getz ice shelf and 

the Dotson ice shelf did not influence by supply of additional source. This 

difference appears to be difference in the microbial carbon pump 

according to the inflow of CDW by different routes. The high molecular 

weight DOM identified in front of the west Getz ice shelf is poorly 

decomposed and may accumulate and contribute to carbon sequestration. 

Also, in front of the Dotson ice shelf, DOM can influence the ocean carbon 

cycle and carbon sequestration as DOM can utilized and removed by 

biological carbon pumps. This study indicates that CDW intrusion in front 

of the western Getz ice shelf and the Dotson ice shelf, which are 

consistently influenced by CDW, also can determine DOM dynamics in 

the Amundsen Sea and furthermore the carbon cycle in Antarctic. So, it is 
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necessary to study the distribution and characteristics of DOM through 

long-term observation because changes in DOM due to climate change 

can have a significant effect on the carbon cycle in the Antarctic Ocean.
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