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Tracing the origins and
transformations of fluorescence
dissolved organic matter within
western and eastern Greenland’s
shelves: a comparative study
Monika Zabłocka1*, Piotr Kowalczuk1, Joanna Stoń-Egiert1,
Elena Terzić 1,2, Evanthia Bournaka3 and Artur P. Palacz1

1Institute of Oceanology Polish Academy of Sciences, Sopot, Poland, 2Division for Marine and
Environmental Research, Ruđer Bośković Institute, Zagreb, Croatia, 3DHI, Hørsholm, Denmark
Differences in the composition and spatial distribution of Fluorescent Dissolved

Organic Matter (FDOM) between western and eastern Greenland shelf waters

reflect the interplay of distinct regional environmental drivers-such as glacial

meltwater inputs and stratification effects – which shape local DOM processing

and biogeochemical cycles. These contrasts provide unique opportunity to

understand how Arctic coastal system responds to climatic changes. To

investigate these dynamics, we assessed FDOM by an application of multivariate

statistical method - Parallel Factor Analysis (PARAFAC) on samples collected in July

2021 and August 2022. The PARAFAC enabled the distinction of five components

representing both humic-like (C1 (lEx/lEm 318/392), C2 (lEx/lEm 363(261)/445), C5

(lEx/lEm 399/513)) and protein-like (C3 (tyrosine) − lEx/lEm 267/305, (C4

(tryptophan) − lEx/lEm 285/345)) substances, showing variations between

western and eastern shelves and across different water layers (surface, deep

chlorophyll a maximum depth – DCM, and below it (i.e., in the West Slope

Greenland Core water – WSGC, and in the core Polar Water - PW). The analysis

showed that western DOM is almost equally composed of humic-like (51%) and

protein-like (49%) substances, while the eastern shelf is dominated by protein-like

FDOM (56%), indicating a stronger influence of autochthonous production in the

east. The highest fluorescence intensity was measured of the protein-like

component C3 in both eastern (PW layer) and western (DCM layer) shelves. In

the surface waters of the western Greenland shelf we found a statistically

significant (p<0.001), although relatively weak (R = 0.27) correlation between Ip
and the total chlorophyll a concentration, Tchla. Derived values of spectral indices

(HIX, BIX, and FI), and a ratio of fluorescence intensities of protein-like components

to fluorescence intensities of humic-like components, Ip/Ih, indicated that the

FDOM in analyzed water was predominantly autochthonous, characterized with

lowmolecular weight and low-saturation aromatic rings. This findings provide new

insights into FDOM composition in the Arctic under changing climatic conditions.
KEYWORDS

dissolved organic matter, absorbance, fluorescence, Arctic Ocean, Greenland
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1 Introduction

The Arctic Ocean, including Greenland’s eastern and western

shelves, represents a dynamic environment where freshwater and

seawater interactions shape the region’s hydrography and

biogeochemistry. Dissolved organic matter (DOM) plays a crucial

role in these hydrographic and biogeochemical processes, serving as

a significant carbon reservoir (Hansell and Carlson, 2015), binding

essential metals needed for phytoplankton growth (Morel and Price,

2003) and shielding marine organisms from harmful UV radiation

(Repeta, 2015). Changes in the carbon cycle can alter the exchange

of carbon between ocean and atmosphere (Lønborg et al., 2020),

potentially affecting Earth’s climate over geological periods. Recent

accelerated warming in the Arctic Ocean ecosystem (Rantanen

et al., 2022; Gutiérrez et al., 2021), alongside with glacial melt,

reduction in sea ice cover (Serreze and Stroeve, 2015; Granskog

et al., 2018), increased precipitation and accelerated permafrost

thawing, contributing to coastal erosion and water runoff from land

(Kipp et al., 2018). The watersheds of the Arctic rivers contain a

substantial reservoir of organic carbon constituting about 40% of

the world’s near-surface labile soil carbon inventory (Zimov et al.,

2006), currently bound in permafrost (Vonk and Gustafsson, 2013).

The thawing of permafrost and increased discharge from Siberian

and North American rivers (Stedmon et al., 2011; Anderson and

Amon, 2015) are expected to significantly elevate the organic

carbon inputs into the Arctic Ocean. These fresher and DOM

enriched Arctic Ocean water outflowing to Atlantic and Pacific

Oceans could significantly alter the DOM biogeochemistry in

outflow shelves.

Water exchange between the Arctic, the North Pacific and the

North Atlantic ocean basins occurs through several gateways: the

Barents Sea, Fram Strait, Canadian Arctic Archipelago, and

the Bering Strait. The water flowing through the Fram Strait and

the Canadian Arctic Archipelago directly impacts the Greenland’s

shelf and coastal waters. The Greenland Shelf features two

hydrographically distinct regions with unique characteristics. The

East Greenland Shelf (EGS) water is influenced by the East

Greenland Current (EGC), which carries cold core Polar Water

(PW) southward along the continental shelf and slope.

The estimated net volume transport of EGC range from 3.7 to

11.1 Sv (Sv = 10 6 m3 s-1) (de Steur et al., 2009, 2014, 2018). Despite

the considerable width of the East Greenland Shelf, warm and saline

Atlantic water intrudes into the shelf and fjords, significantly

altering the vertical distribution of water masses (Karpouzoglou

et al., 2022; Gjelstrup et al., 2022). These factors, compounded by

freshwater from melting sea ice and the Greenland Ice Sheet have

led to the thinning of the core PW layer, and a shallowing of the

Atlantic Water (AW) core, with a 1°C temperature increase since

the 2000s’ and marked decrease in salinity of surface waters on the

East Greenland Shelf and the core of PW by 1.8 and 0.68,

respectively, over the last two decades (Gjelstrup et al., 2022).

The West Greenland Shelf (WGS) is primarily impacted by the

West Greenland Current (WGC), which flows northward, currying

the warmer West Greenland Slope Current (WGSW), and

the offshore West Greenland Current (WGC), transporting the

West Greenland Irminger Water (WGIW) (Aksenov et al., 2010).
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This water flows through the eastern part of the Davis Strait (Curry

et al., 2014), following the continental shelf and slope in east Baffin

Bay, with WGC tracing the west coast of Greenland. This region

also sees the formation of transitional water (TrW). These waters

flow into Labrador Sea, through Davis Strait, where the cumulative

water transport was estimated at 2.6 ± 1 Sv, carrying a significant

amount of fresh water (estimated at 92 ± 34 mSv (Beszczyńska-

Möller et al., 2011) and contributing to water mass formation in the

region (Curry et al., 2014).

DOM dynamics in these contrasting regions can be monitored

effectively with optical methods (Granskog et al., 2012; Stedmon

et al., 2015). A fraction of DOM, absorbs light in the ultraviolet and

visible spectral ranges and it is called chromophoric dissolver

organic matter – CDOM. Part of CDOM, called fluorescent

dissolved organic matter – FDOM, has an ability to fluorescence

absorbed energy. CDOM and FDOM are key optical constituents of

seawater (apart from water molecules and particulate material

suspended in the sea water), that influence light penetration and

heat distribution in the water column (Pavlov et al., 2015; Granskog

et al., 2015a, b).

The Excitation Emission Matrix (EEM) fluorescence

spectroscopy technique, proposed by Traganza (1969), involves

the measurements of emission spectra at a series of successively

increasing excitation wavelengths. Coble (1996) assigned broad

groups of organic compounds to specific spectral maxima with

characteristic excitation and emission positions emerging at

measured 3D landscapes. Multivariate statistical methods, such as

the Parallel Factor Analysis (PARAFAC) (Stedmon et al., 2003),

enabled an objective identification of different fluorophore classes

underlying the EEMs signal, based on their excitation/emission

maxima. This approach significantly advanced our understanding

of production and degradation processes of DOM fluorophores

across various marine and aquatic environments as well as in

engineered water systems (Coble et al., 2014; Stedmon and

Nelson, 2015 and references therein). This study aims to

characterize the qualitative composition and spatial distribution

of DOM optical properties on the East andWest Greenland Shelves.

By combining absorption and fluorescence spectroscopy methods

with physical (temperature and salinity) and biological (chlorophyll

a concentration) parameters, we seek to improve our understanding

of how meltwater influx and autochthonous production alter DOM

composition in these contrasting regions.
2 Materials and methods

2.1 Characterization of the study area

Greenland, is the world’s largest island, which stretches between

59°N and 83°N latitude and 11°W and 74°W longitude. This

location places the island at the confluence of major oceanic and

atmospheric systems. Greenland is bordered by the Arctic Ocean to

the north, the Greenland Sea to the east, the North Atlantic Ocean

to the southeast, the Davis Strait to the southwest, Baffin Bay to the

west, the Nares Strait and Lincoln Sea to the northwest, Figure 1.

The island’s extensive coastline and shelf areas are characterized by
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diverse and complex marine environments. The eastern and

western shelf waters of Greenland, in particular, are notable for

their distinct hydrographic and biogeochemical regimes. These

differences are primarily shaped by the interaction of Arctic water

masses, as well as significant freshwater inputs from glacial melt and

river runoff. The western shelf is influenced by the West Greenland

Current (WGC), which transports warmer Atlantic waters

northward, while the eastern shelf is predominantly influenced by

the colder, fresher core Polar Water (PW) of the East Greenland

current (EGC).

Based on temperature (T) and salinity (S) measurements, four

major water masses were distinguished in the West Greenland

sampled region (West Greenland Slope Water - WGSW, West

Greenland Irminger Water - WGIW, Arctic Water - ArW and

Transitional Water - TrW) and three in the East Greenland sampled

region (core Polar Water – PW, Melt Water - MW and Arctic

Surface Water – ASW, adapted from Tang, 2004; Curry et al., 2014).

T-S diagrams, with marked water mass distinctions and water

samples depths are shown in Figure 1, for the West Slope

Greenland Core water – WSGC, and the core Polar Water - PW

respectively. Water masses are characterized in Supplementary

Table S1. The general thermohaline pattern on the West

Greenland Shelf (WGS) reveals the presence of warm (T > 2°C)
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and salty (S around 33) water (WGSW) with a mild thermocline

and halocline. The East Greenland Shelf, was characterized by the

presence of MW at the surface, with higher T and lower S due to the

predominant discharge from melting Greenland ice sheet and

icebergs. The MW was diluting the PW, thereby forming a steep

and relatively shallow thermocline and halocline (Figure 2).
2.2 Sample collection and processing

2.2.1 Sample collection
Water samples were collected during two expeditions: one in July

2021 aboard the Danish research vessel, r/v Dana, and the other in

August 2022 aboard the German research vessel – r/v Maria S.

Merian. Field work was carried out in the shelf and fjord waters, as

indicated Figure 1. Water column samples were collected with a

rosette water sampler system from Sea-Bird Electronics Inc.,

equipped with 24 Niskin bottles, each holding 12 litres. Samples

were collected at three different depths: surface (5 m), the deep

chlorophyll-a maximum (DCM) depth determined at each station

from chlorophyll-a fluorometer signal, and below the DCM, as shown

in Figure 2. In 2021, the depths sampled below DCM ranged from 60

to 470 m, whereas in 2022, these samples were taken at 60 m.
FIGURE 1

(A) Map of sampling stations on the west and east Greenland coasts along with the general circulation pattern. EGC – East Greenland Current, WGC
– West Greenland Current, WSGC – West Surface Greenland Current, IC – Irminger Current, AW – Recirculated Atlantic Water. Water masses – T-S
diagrams for all the oceanographic stations sampled in western (B) and eastern (C) Greenland with the identified water masses: core Polar Water
(PW), West Greenland Shelf Water (WSGW), West Greenland Irminger Water (WGIW), Transitional Water (TrW), Arctic Surface Water (ASW), Arctic
Water (ArW) (adapted from Tang, 2004; Curry et al., 2014). Gray lines indicate isopycnals (potential density – kgm-3)(created in Ocean Data View -
Schlitzer R., 2022).
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2.2.2 Sample processing
Samples collected for DOM absorption and fluorescence

measurements were gravity filtered through an Opticap XL4

Durapore filter cartridge with a nominal pore size of 0.2 mm,

directly attached to the Niskin bottle tap. To avoid sample

contamination, both the cartridge filter and tubing were pre-

treated with 10% HCL solution and rinsed with ultrapure MilliQ

and the sample water before collection. All samples were then

filtered into pre-combusted amber glass vials and stored at 4°C in

dark, ensuring the preservation of DOM optical properties for

several weeks (Stedmon and Markager, 2001).

Samples collected for high performance liquid chromatography

(HPLC) pigment analysis were filtered using Whatman 25mmGF/F

filters. The filter pads, with retained material, were immediately

placed in liquid nitrogen and subsequently stored at -80°C

until analyses.

2.2.3 CDOM absorption measurements
Measurements of CDOM absorbance were carried out using a

double-beam Perkin-Elmer Lambda-650 spectrophotometer in the

spectral range of 250–700 nm. Measurements were made in a 10-cm

quartz cell, and the fresh ultrapure water was used as a reference.

The CDOM absorption coefficient aCDOM(l) was calculated using

the equation:

aCDOM(l) = 2:303  A(l)=l (1)

where: A(l), is the absorbance, l is the optical path length in

meters, and the factor 2.303 is the natural logarithm of 10.
Frontiers in Marine Science 04
The CDOM absorption spectrum slope coefficient, S300-600, was

calculated in the spectral range 300 – 600 nm using a non-linear

least squares fitting method with trust-region algorithm (Stedmon

et al., 2000, 2003; Kowalczuk et al., 2006). The method, here

implemented in Matlab R2013, uses the following equation:

aCDOM(l) =   aCDOM(l0)e
−S(l0−l) +  K (2)

where: l0 is 375 nm, and K is a baseline shift background

constant resulting from residual scattering by fine size particle

fractions, micro-air bubbles or colloidal material present in the

sample, refractive index differences between sample and the

reference, or attenuation not due to CDOM.

2.2.4 DOM fluorescence measurements and
PARAFAC model

Fluorescence EEM spectra of collected DOM samples were

measured with a HORIBA Aqualog spectrofluorometer in a 1 cm

quartz cuvette. The excitation spectral range was set within 240–600

nm with a 3 nm increment. The emission spectral range was

recorded between 246.65–829.44 nm with a 2.33 nm increment.

The integration time was 8 s. All acquired EEM spectra were

spectrally corrected with a set of instrument-dependent correction

coefficients internally implemented within the spectrofluorometer.

The excitation and emission matrix spectra were processed

using drEEM toolbox implemented in Matlab 2022a computing

environment according to procedures described by Stedmon and

Bro (2008) and Murphy et al. (2010, 2013). Spectrally corrected

samples were calibrated and normalized against the Raman scatter
FIGURE 2

Vertical profiles of temperature, salinity and chlorophyll a concentration at (A) West and East (B) Greenland Shelf. DCM – deep chlorophyll a
maximum layer, WSGC – West Slope Greenland Core water.
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emission peak of the MilliQ water sample, run on the same day,

excited at the wavelength of 351 nm and integrated in the spectral

range 378 – 424 nm. The resulting EEM spectra were scaled in

Raman units (R.U.). The samples were corrected for inner filter

effects, using measured CDOM absorption spectra of corresponding

water samples (section 2.2.3). The blank MilliQ water sample,

corrected and calibrated in the same way as regular samples, was

subtracted from each measured EEM to remove the Raman

scattering signal. The PARAFAC model was applied to the data

array with dimensions of 93 samples × 121 excitations × 153

emissions. It was run with a non-negativity constraint, assuming

that signals from a complex mixture of DOM compounds can be

separated and that the components differ from each other

spectrally. The five-component model results were validated by

the split-half validation technique (Harshman, 1984) applied to

independent sub data sets (S4C6T3 – Splits, Combinations, Tests).

The intensity of the n-th component in a given sample, ICn, and the

total fluorescence intensity, Itot, were calculated using the equations

(Kowalczuk et al., 2009):

ICn = Scoren*Exn(lmax)*m(lmax) (3)

where: Scoren is the relative intensity ot the nth component, Exn
(lmax) is the maximum excitation loading of the nth component,

Emn(lmax) is the maximum emission loading of the nth component

derived from the model.

Itot =on
1ICn (4)
2.2.5 HPLC measurements
Extraction pigments from cells were conducted by mechanical

grinding and sonication (2 min, 20 kHz, Cole Parmer, 4710 Series)

in dark conditionat 4 °C for 2 hours with the use of 90% acetone

solution (Parsons et al., 1984). After centrifugation (20 min., 4 °C,

3210xg, Beckman, GS-6R) for the removal of filters and cellular

debris, the extract was subjected to chromatographic analysis.

The chromatographic system HP1200 (Agilent, Perlan

Technologies) is equipped with a diode array absorbance detector,

a fluorescee detector and a C18 LichroCART™LiChrospher™ 100

RP18e (Merck) analytical column (with dimensions of 250 x 4 mm,

particle size of 5 mm and pore size of 100 Å). The method used for

pigments isolation and separation was introduced by Mantoura and

Llewellyn (1983) and later modified by Stoń-Egiert and Kosakowska

(2005). Pigments were separated in a gradient mixture of methanol,

1 M ammonium acetate and acetone. The detection of pigments was

based on their retention time and absorbance spectra. The

quantification was based on an external standardization equation

combining chromatographic parameters of individual pigments

with their concentration. The total chlorophyll-a concentration,

TChla, was determined as the sum of chlorophyll a, allomer

chlorophyll a, epimer chlorophyll a, chlophyllide a, non-identified

chlorophyll a derivatives. The chromatographic system calibration

was based on commercially available pigment standards (The

International Agency for 14C Determination DHI Institute for

Water and Environment in Denmark), whereas the documented
Frontiers in Marine Science 05
measurement precision was 2.9% ± 1.5% with a recurrence error of

9.7% ± 6.4% (Stoń-Egiert et al., 2010).

2.2.6 Spectral indices
Spectral indices, essential for tracking the dynamics of DOM, its

sources and processes, based on measured DOM absorption and

fluorescence spectra were calculated to describe DOM

compositional properties: i) humification index – HIX, according

to Zsolnay et al. (1999), biological index – BIX, according to Huguet

et al. (2009), and fluorescence index – FI, according to McKnight

et al. (2001). Additionally a ratio between protein-like components

intensities to the sum of humic-like components intensities was

calculated following Kowalczuk et al., 2013:

Ip
Ih

�
=  

IC3 +   IC4
IC1 +   IC2 + IC5

(5)

where ICn is the intensity of the respective component from C1

to C5 identified by the PARAFAC model. The spectral

characteristics and their origins are explained in the Results

section and are given in Table 1.
3 Results

3.1 Vertical distribution of temperature,
salinity, and total chlorophyll a
concentration on east and west
Greenland shelves

Vertical profiles of T and S, on both the western and the eastern

shelves of Greenland were characterized by an increase of S and a

decrease in T with depth. Lowest S and highest T values were

measured at the surface, while highest S and lowest T values were

found at greater depths (Figure 2, Supplementary Figure S1,

Supplementary Table S3). T and S differences between the eastern

and the western Greenland shelves were evident in the range of

measured values.

At the East Greenland Shelf, the surface layer salinity exhibited

variations ranging from 21.3 to 31.2, with a median value of 27.8. Such

low values of salinity indicates a significant influence from meteoric

water sources, including the melting Greenland Ice Sheet, sea ice and

precipitation (Dodd et al., 2012; Gonçalves‐Araujo et al., 2016). The

fresher water layer’s thickness demonstrated a decrease from around 20

m in the fjords (S values were recorded at 30.9 at 20 m and 20.5 at 3 m

at the ARF1 station in the Ardencaple Fjord) to just a few meters at the

shelf, where S of 31.2 wasmeasured at 3m depth at the DSOW1 station

(Figure 1). Additionally, the variability in S measurements decreased

with increasing depth, oscillating by 0.5% around the median value of

31.9 at the core of PW. S levels in the western Greenland Shelf were

consistently higher than those in the eastern side, ranging from 30.2 to

34.9, with median values of 32.8 at the surface layer, 33.2 in the DCM

layer, and 33.8 at greater depths, Figure 2.

In terms of T, the water column in the eastern shelf was

generally about 2 °C cooler compared to the western shelf of
frontiersin.org
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TABLE 1 Ranges of variability, median and 1st and 3rd quartiles (Q1, Q3) of HIX, BIX and FI indexes and Ip/Ih ratio in different environments.

Samples description HIX BIX FI Ip/Ih

All Data

range 0.390 – 3.877 0.777 – 1.484 1.161 – 1.505 0.427 – 3.800

median 1.568 0.943 1.303 0.940

Q1,Q3 1.027; 2.308 0.913; 0.981 1.258; 1.342 0.628; 1.435

N 91 91 91 91

West Greenland Shelf

Surface water

range 0.631 – 2.401 0.801– 1.071 1.251 – 1.391 0.593 – 1.938

median 1.369 0.916 1.330 1.019

Q1,Q3 1.086; 1.795 0.880; 0.956 1.291; 1.341 0.827; 1.381

N 19 19 19 19

DCM - deep Chlorophyll a maximum depth

range 0.443 – 3.103 0.852– 1.240 1.161 – 1.505 0.449 – 2.348

median 1.529 0.968 1.344 0.975

Q1,Q3 1.089; 2.156 0.929; 0.992 1.298; 1.395 0.665; 1.355

N 17 17 17 17

WSCG

range 0.617 – 2.916 0.859– 1.372 1.242 – 1.432 0.443 – 1.932

median 1.952 0.945 1.347 0.707

Q1,Q3 1.272; 2.315 0.925; 0.967 1.330; 1.382 0.583; 1.224

N 17 17 17 17

East Greenland Shelf

Surface water

range 0.452 – 2.949 0.777– 1.484 1.176 – 1.311 0.617 – 3.366

median 0.862 0.953 1.250 1.906

Q1,Q3 0.617; 1.403 0.917; 1.017 1.222; 1.271 1.270; 2.665

N 14 14 14 14

DCM – deep Chlorophyll a maximum depth

range 1.006 – 3.746 0.858– 1.114 1.217 – 1.337 0.466 – 1.507

median 2.083 0.944 1.254 0.848

Q1,Q3 1.520; 3.132 0.910; 0.976 1.231; 1.305 0.562; 1.106

N 14 14 14 14

PW

range 0.390 – 3.877 0.807– 1.163 1.244 – 1.323 0.427 – 3.800

median 2.755 0.932 1.278 0.648

Q1,Q3 1.589; 3.049 0.913; 1.038 1.257; 1.298 0.549; 1.078

N 10 10 10 10
F
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Greenland. Highest T was measured in the meltwater layer, where it

varied between -0.2 and 6.0 °C with a median of 1.8 ° C. A

pronounced thermocline was observed between 10 to 20 m depth,

where T sharply decreased to sub-zero values, reaching -0.9 °C at

the DCM and nearly approached the freezing point (-1.6 °C) at the

core of PW below 50 m depth (Supplementary Table S3, Figure 2).

In the western shelf of Greenland, measured values were

predominantly positive and noticeably higher than those

measured in the eastern shelf, ranging from -1.6 °C to 6.6 °C.

Negative temperatures were recorded only at 3 outermost profiles in

the Davis Strait in DCM andWSCG). The median T values were 4.7

°C at the surface, 2.5 °C, at DCM, and 2.3 C, at greater depths,

indicating that most of the shelf was occupied by WGSW which is

consistent with findings of Gonçalves‐Araujo et al. (2016).

Total chlorophyll a concentration, Tchla, values in EGS were

very small, ranging from 0.049 mg m-3 in surface waters to 0.659 mg

m-3 at DCM. Median Tchla values increased from surface (0.103 mg

m-3) to highest values at DCM (0.191 mg m-3) and dropped sharply

below that layer to the lowest median value (0.062 mg m-3). On the

western coast of Greenland, water for Tchla measurements was

collected only at the surface layer. These waters were characterized

by a much wider range of Tchla values, from 0.024 to 1.999 mg m-3,

with an almost five times higher median Tchla in comparison to

surface waters in EGS (Supplementary Table S3).
3.2 Distribution of aCDOM(350) and FDOM
components in the west and east
Greenland shelf waters

The absorption of CDOM in theWGS waters was relatively low,

with the CDOM absorption coefficient, aCDOM(350), varying from

0.115 to 0.404 m-1 (Figure 3, Supplementary Table S3). The highest

median value of aCDOM(350) was observed in the surface waters

(0.260 m-1), the lowest in deeper waters below DCM layer (0.215 m-

1), and intermediate aCDOM(350) values were found around the

DCM (0.232 m-1). CDOM absorption in the EGS waters was

approximately two times higher compared to CDOM absorption

observed in the WGS. aCDOM(350) values in the EGS ranged from

0.170 to 0.551 m-1, increasing steadily with depth. The median

aCDOM(350) value in the surface melt water layer was 0.437 m-1 and

reached 0.480 m-1 in the core of the PW.

The CDOM absorption slope coefficient, S300-600, in the WGS

ranged narrowly from 0.016 to 0.022 nm-1 and its median value did

not change with depth significantly, and equalled to 0.019 nm-1 in

respective water layers. Values of S300-600 in the EGS waters were

higher compared to WGS waters and ranged from 0.018 to 0.025

nm-1. In the EGS, median S300-600 values were the same in all

distinguished water layers and equal to 0.021 nm-1.

The PARAFACmodel identified three components (C1, C2 and

C5) characterized with excitation in UV and emission in the VIS

part of the spectrum (referred to as humic-like components) and

two characterized with excitation and emission in UV (referred to

as protein-like components) (C3 and C4). Contour plots and the

excitation and emission spectra loadings of identified components,

together with the split-half validation results, are presented in
Frontiers in Marine Science 07
Figure 4. Excitation and emission characteristics of the modelled

components are listed in Table 1. The excitation/emission

characteristic of component one (C1) (lEx/lEm 318/392) resemble

the peak M described by Coble (1996) considered as the organic

matter of marine origin. Component two (C2) (lEx/lEm 363(261)/

445) has the spectral characteristics of two mixtures of organic

matter of terrestrial origin described by Coble (1996) as peaks A and

C. The last humic-like component (C5) (lEx/lEm 399/513) has the

spectral characteristics of the soil fulvic acids described by Stedmon

et al. (2011) as peak D. The excitation/emission characteristics of

components three (C3) (lEx/lEm 267/305) and four (C4) (lEx/lEm
285/345) resemble the spectral characteristics of tyrosine and

tryptophan, respectively, described by Coble (1996) as peaks B

and T. Components identified in this study were compared with

those obtained in different environments by other scientists and

published in the OpenFluor open access spectral database (Murphy

et al., 2014) (Supplementary Table S2). Bar graphs in Figure 5 (top

panel) illustrate the average fluorescence intensity of each identified

component in both WGS and EGS, further averaged for three depth

ranges (surface, DCM and PW core) in both studied shelves

(bottom panel). Statistical data describing the total fluorescence

intensity, Itot, as well as fluorescence intensities of the respective

PARAFAC components, IC1-C5, in the two regions and specified

depth ranges are provided in Supplementary Table S3.

A consistent pattern of DOM composition was observed in

samples collected both in the west and the east shelves of Greenland,

with components ranked in the same order of abundance: C3p >

C1h > C4p > C2h> C5h (Figure 5), however the averaged DOM

fluorescence intensities observed in the EGS were ca. 2 times higher

compared to the WGS. The same pattern of ranking of identified

FDOM-EEMs components was found in surface and deep-water

layers in the WGS and in PW core in the EGS. The order of the

average fluorescence intensities of identified components in the

DCM in the WGS was: C3p > C1h > C2h = C4p > C5h. In the

EGS surface melt water layer, the order of fluorescence intensities

of respective components was: C3p > C4p > C1h > C2h > C5h, while

in the DCM water layer, the components were ordered as follows:

C1h > C3p > C4p > C2h > C5h (Figure 5) (Cxh – humic-like

components; Cxp – protein-like components).

The range of variability of the total fluorescence intensity, Itot, in

WGS waters was found to be between 0.052 to 0.132 R.U. Median Itot
value was highest in DCM layer (0.076 R.U.), slightly lower in the

surface water (0.075 R.U.), and lowest in theWest Slope Greenland Core

(WSGC)water (0.065 R.U.). The observed range of Itot variability in EGS

waters was within 0.099 to 0.376 R.U. Median Itot value was highest in

the surface meltwater layer (0.172 R.U.), the lowest at the PW core

(0.127 R.U.), with an intermediate value in the DCM layer (0.131 R.U.).

Median values of fluorescence intensities of identified components

(IC1-IC5) in respective water layers of the WGS were characterized by

low variability (Supplementary Table S3, Figure 6). The Mann-

Whitney U test confirmed no statistically significant differences

between median IC1-IC3 and IC5 values in vertical profiles, with the

exception of IC4. Differences in fluorescence intensity of the

tryptophan-like component C4 were statistically significant between

surface water (0.012 R.U.) and deep waters (0.009 R.U.), and between

DCM (0.012 R.U.) and deep waters (0.009 R.U.).
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The vertical distribution of median values of fluorescence intensities

of components IC1-IC5 in the EGS waters was opposite to the one

observed in the WGS (Supplementary Table S3, Figure 6). Median

values of fluorescence intensity of components IC1, IC2 and IC5 increased

with depth and were the lowest in surface waters and the highest at the

PW core. Observed differences in fluorescence intensity were statistically

significant between surface melt water and DCM, and between melt

water and core of the PW layers (the Mann-Whitney U test). Median

values of fluorescence intensity of the tyrosine-like components C3 were

highest in the surface meltwater layer and lowest at the PW core. The

vertical distribution of median values of fluorescence intensity of

component C4, IC4, was similar to IC3, where differences in observed

values were statistically insignificant within respective water layers.

To better highlight FDOM compositional differences in the two

contrasting outflow shelves, mutual proportion of fluorescence

intensities of protein-like (Ip = IC4 + IC3) and humic-like (Ih = IC1
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+ IC2 + IC5) components were obtained. As presented in Figure 7, the

protein-like components accounted for more than 50% of the total

DOM fluorescence in surface waters (53%) and DCM (51%) layers of

theWGS. The percent contribution of protein-like components to the

total DOM fluorescence intensity in EGS surface waters and deep-

water layers was higher than in the corresponding water layers at

WGS: 66% and 52%, respectively. The lowest content of Ip was found

in DCM layer at EGS (46%) (Figure 7).
3.3 Distribution of HIX, BIX and FI indexes
and Ip/Ih ratio in the west and east
Greenland shelf waters

Vertical profiles of the humification index (HIX), biological

index (BI), fluorescence index (FI), and the ratio of respective
FIGURE 3

Vertical profiles of aCDOM (350) and S300-600 on the West coast (2021) and east coast (2022) of Greenland. Median values are marked with the solid
line, mean values are marked with the dashed red line, 10-th and 90-th percentiles are marked with the whiskers, and 25-th and 75-th percentiles
with the box. The dots represent the outliers.
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DOM fractions (Ip/Ih) in theWGS and EGS data sets are presented in

Figure 8. The range of variability of HIX derived from samples

collected in the WGS waters was from 0.31 to 3.10, with the highest

median value observed in the WSGC water layer (1.95), the lowest in

the surface layer (1.37), and intermediate in the DCM (1.53) (Table 1;

Figure 8). Differences in median values found in respective

water layers were not statistically significant. The range of

variability of Ip/Ih in the WGS data set was from 0.44 to 2.35 and

followed the opposite trend compared to HIX. The median value of

Ip/Ih ratio was the highest in surface waters (1.02) and the lowest in

the deep WSGC water layer (0.71) (Table 1; Figure 8). The same

pattern as HIX (lowest values at the surface – 1.33, and highest values

in deep waters – 1.35) characterized the distribution of median

FI values, their range being from 1.16 to 1.51 (Table 1; Figure 8).

The Mann-Whitney U test revealed that differences in median Ip/Ih
and FI were statistically significant only at the surface and deep layers.

The range of variability of the biological index, BIX, was from 0.80 to

1.37. Highest BIX median was found at the DCM (0.97), and the

lowest in surface waters (0.92) of WGS. On the other hand,

HIX values derived from samples collected in EGS waters were

shifted towards higher values and ranged from 0.390 to 3.88, with a

highest median value found at the PW core (2.76), and the lowest in

the surface melt water layer (0.86), with intermediate values at the

DCM (2.08) (Table 1; Figure 8). Differences in HIX values along

the vertical profile were statistically significant. The vertical

distribution patterns of Ip/Ih and FI in the EGS waters were similar

to the ones at the WGS. The range of Ip/Ih variability in the EGS

dataset was larger than at the WGS, from 0.43 to 3.80. The median

vertical distribution of Ip/Ih values in the distinguished water layers

was as follows: 1.91 – surface melt water, 0.85 –DCM, and 0.65 – PW

core. The range of FI variability in EGS waters was 1.17 to 1.32 with

median values steadily increasing with depth: 1.25 – surface water
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layer, 1.25 – DCM and 1.28 – PW core, respectively. The differences,

although small, were statistically significant. The range of BIX

variability in the EGS was wider than the one measured in the

WGS and ranged from 0.78 to 1.48. The vertical distribution of

the median BIX values in EGS was characterized by a decrease

towards greater depths (0.95 – surface melt water, 0.94 – DCM,

and 0.93 – PW core) (Table 1, Figure 8).
4 Discussion

4.1 The dynamics and distribution of DOM
optical properties

The Arctic Ocean’s dynamics of DOM optical properties are

profoundly influenced by terrestrial inputs, particularly from the

extensive river systems that discharge into its coastal margins.

The highest CDOM absorption in the Arctic is observed along the

Siberian Shelf, near its major rivers, where aCDOM values in UVA

range often exceed 10 m-1 (Gonçalves-Araujo et al., 2018; Juhls et al.,

2019; Pugach et al., 2019; Drozdova et al., 2021). The Transpolar Drift

transports Siberian riverine DOM from the central Arctic towards the

Atlantic Ocean through Fram Strait (Granskog et al., 2012; Stedmon

et al., 2015; Gonçalves-Araujo et al., 2020). By the time DOM reaches

Greenland Selves, the Siberian-sourced CDOM/FDOM undergoes

mixing and dilution by sea ice melt water (Gonçalves-Araujo et al.,

2018) and transformed Atlantic water from Barents and Norwegian

seas, which contain very low CDOM (Kowalczuk et al., 2017, 2019)

and FDOM Makarewicz et al., 2018), and degradation through

photo-bleaching (Stedmon et al., 2011; Granskog et al., 2012) that

diminishes values of CDOM absorption coefficients and fluorescence

intensity and making them more comparable to to those originating
FIGURE 4

The PARAFAC model output showing fluorescence signatures of five components identified in the studied data set.
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from local sources. Water outflowing from the Hudson Bay, where

aCDOM(355) may exceed 15 m-1 (Granskog et al., 2007), also serves as

a notable source of DOM optical properties to Baffin Bay and

Labrador Sea. However, its CDOM-rich waters are rapidly diluted

in the Labrador Sea (Gueguen and Kowalczuk, 2014.

The overall CDOM/FDOM pattern across the Arctic Ocean

determines higher DOM absorption and fluorescence intensity in

EGS compared to WGS. This pattern is consistent with our study,

where the aCDOM(350) values observed in EGS were approximately

twice as high compared to those found in theWGS. This also indicated

a varying degree of terrestrial DOM influence and water mass mixing

between these regions. Values of aCDOM(350) reported here for the

West and East Greenland Shelves closely match earlier reports, e.g.,
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presented by Pavlov et al. (2015, in the EGS) and Gueguen and

Kowalczuk, 2014, in the WGS, Baffin Bay and Davis Strait).

The analysis of temperature (T) and salinity (S) in the waters off

the Greenland shelf reveals a complex interplay of water mixing

processes and the impact of freshwater inputs from glacier melt and

rivers discharge on the distribution of CDOM and FDOM.). These

inputs, characterized by reduced salinity and fluctuating

temperatures, contributed to the distinct spatial patterns of

FDOM observed between the eastern and western shelves. In the

EGS, the pronounced influence of freshwater is apparent through

lower salinity levels, which significantly diluted CDOM/FDOM

(Stedmon et al., 2015). This was especially seen in the coastal and

fjords surface waters, especially lowering humic-like FDOM
frontiersin.or
FIGURE 5

Fluorescence intensity of identified components C1-C5: in the whole data set and in WGS and the EGS (A) in three water layers: surface, DCM –

deep chlorophyll a maximum and bDCM – below deep chlorophyll a maximum (B). Bar plots represent and average values, the whiskers represent
standard deviation.
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intensities. The WGS experiences a greater influence from the

warmer and saltier Atlantic waters, impacting FDOM

composition with a higher presence of marine-derived protein-

like components. In the surface layer, the absorption of CDOM and

fluorescence intensity of FDOM are significantly modified by

meltwater from sea ice or Greenland ice sheet, resulting in a

positive relationship of these variables with increasing salinity
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(Granskog et al., 2012; Gonçalves‐Araujo et al., 2016) (Figure 9).

This impact is strongest in the EGS, while in the WGS, both CDOM

and FDOM did not show any significant correlation with salinity. In

surface and DCM water layers in the EGS, the fluorescence

intensities of humic-like components decrease with decreasing

salinity due to the dilution of core Polar Water fresher melt from

glaciers containing lower concentration of humic substances.

Protein-like substances did not show any trend with salinity.

The CDOM absorption spectrum slope coefficient (S300-600),

often regarded as a proxy for CDOM composition (Coble, 2007),

showed small differences between the WSG and EGS, with median

values of 0.019 nm-1 and 0.021 nm-1, respectively. Although these

differences suggest that variations in CDOM composition,

influenced by physical and biological processes such as the

mixing of water masses with contrasting DOM properties,

autochthonous production, or microbial transformation, have had

similar impacts on both shelves, a more probable conclusion is that

S300-600 coefficient exhibits limited sensitivity in resolving such

variations. Consequently, DOM alteration cannot be effectively

characterized solely based on spectral slope coefficient values. The

S300-600 median value observed in the EGS corresponded well to

the spectral slope values observed at the marine impacted station in

the Lena River delta in the Kara Sea, which is the one of the main

CDOM/FDOM sources in the Eurasian basin of the Arctic Ocean.

Average values of the CDOM absorption slope coefficient reported

by Granskog et al. (2012) in the eastern Fram Strait were also 0.019

nm-1, (calculated within a broader spectral range: 300-650 nm). In

the eastern part of the Greenland Sea, Makarewicz et al. (2018)

reported similar values in 2013 and 2015. Observations of S350-600
reported by Kowalczuk et al. (2017) and Zabłocka et al. (2020) for

open waters and under the ice water column north of Svalbard were

much lower (0.015 nm-1 and 0.016 nm-1, respectively) which

suggested a predominantly autochthonous source of CDOM/

FDOM in the Nansen Basin. The general compositional stability

of CDOM in the Canada Basin has been confirmed by the multiyear

observations reported by Dainard et al. (2019), who found stable

values of the UV spectral slope coefficient S275-295 in polar waters

(ranging from 0.022 to 0.035 nm-1). The observed stability of

spectral slope values in Arctic waters, consistent with data

reported in this region, points to a long-term stability in the

composition of CDOM, and limited alteration by both

autochthonous sources and photodegradation processes.
4.2 Comparative analysis of FDOM
components in Arctic waters

The five PARAFAC components derived from the EGS and

WGS databases and presented in this article have been previously

reported in various aquatic environments. Components similar to

C1 are typically associated with the in situ production, while

components similar to C2 and C5 are considered to be of

terrestrial origin. The presence of protein-like components (C3,

C4) is an indicator of freshly produced DOM or degradation

products of peptides (Yamashita and Tanoue, 2003). Total

fluorescence intensities similar to those reported in our study
FIGURE 6

Vertical profiles of fluorescence intensity values of each identified
component (C1-C5) in West Coast – 2021 data set (A) and in East
Coast – 2022 data set (B). Median values are marked with the solid
line, mean values are marked with the dashed red line, 10-th and
90-th percentiles are marked with the whiskers, and 25-th and 75-
th percentiles with the box. The dot represents the outliers.
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have been measured in the Canadian and European Arctic Ocean.

Zabłocka et al. (2020) found that Itot median values measured in

water and sea ice samples collected north of Svalbard were ca. 50%

lower than Itot values reported in the current study in WGS waters

and two and a half times lower compared to Itot observed in EGS

waters. Waters north of Svalbard (Zabłocka et al., 2020) were less

abundant in protein-like than humic-like substances, as indicated

by the Ip/Ih, which ranged from 0.013 to 1.610. In our study, in all

water layers, corresponding Ip/Ih values were in the range of 0.43 to

3.80. It highlights that autochthonous production of FDOM plays a

more significant role as a source of DOM in Greenland shelf waters

compared to the waters north of Svalbard where main source of

FDOM is transport from other regions. DeFrancesco et al. (2023)

studied FDOM composition in the Canadian Basin over an 11-year

period in five different water masses and reported median Itot values

similar to those measured in WGS waters. However, the percentage

contribution of protein-like components to the total fluorescence

intensities in the Canadian Basin did not exceed 21%. Gonçalves‐

Araujo et al. (2016) conducted research on both western (Davis

Strait) and eastern (Iceland Sea) waters of Greenland, along with

Fram Strait and distinguished three PARAFAC components (two

humic-like and one protein-like). Fluorescence intensities of humic-

like components reported by them were the highest in Fram Strait

(Polar Water) and were similar to those measured in EGS in our

study. The IC1 and IC2 values reported by Gonçalves‐Araujo et al.

(2016) in Davis Strait were similar to Ih values reported in this study

in WGS. The protein-like fluorescence measurements in the same
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work reached 0.04 R.U., which is much lower compared to values in

our study, Ip<=0.092 R.U. (WGS) and Ip<=0.297 R.U. (EGS).

Gueguen and Kowalczuk (2014) sampled for optical properties of

DOM in the Canadian Archipelago (CAA), Lancaster Sound, Baffin

Bay and Labrador Sea (LS), and observed a reduction of terrestrial

influence as waters move from CAA to LS. They reported values of

total fluorescence intensities of PARAFAC components lower than

those in our study (<0.1 R.U.).

In this study, we compared the quality and quantity of

fluorescent DOM in two major pathways of water outflowing

from the Arctic – the Western and Eastern Greenland shelves.

Components with emission maxima in the UV-A spectral range (C3

and C4) are associated with compounds of lower aromaticity, such

as dissolved amino acids embedded in proteins (Yamashita et al.,

2003), and are often linked to aquatic productivity (Jørgensen et al.,

2014). We found a correlation between chlorophyll a concentration

(an indicator of biological activity) and the fluorescence intensity of

the protein-like components (Ip) in surface waters on the WGS

(Figure 10). The correlation coefficient value was low, R=0.27, but

statistically significant (p<0.001), indicating that an autochthonous

source could be an important driver of the FDOM variability.

However, the direct impact of local FDOM production may be

weakened by simultaneously occurring dilution by meltwater or

uptake of protein-like FDOM fraction by microbial community,

which effectively degraded the correlation between those variables.

The correlation of Ip with Tchla in the EGS was weaker, perhaps due

to very low Tchla values and very deep DCM depth. The highest
FIGURE 7

The FDOM composition in West and East Greenland Shelves in distinguished water layers (Surf, DCM,d WSGC and PW) expressed as the mutual
proportion of fluorescence intensities of protein-like (Ip) and humic-like (Ih) components.
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FDOM intensity was observed in PW, and a significant part of the

protein-like FDOM fraction was embedded in the wide array of

organic compounds that make up DOM and are predominantly of

terrestrial origin. Granskog et al. (2012) found a strong linear

relationship between CDOM and the fraction of meteoric water

in the PW in the Fram Strait and concluded that this was an

indication of the riverine/terrigenous origin of CDOM in the East

Greenland current.
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4.3 Evaluating FDOM indices: insights into
sources and transformation

We analysed four indices based on DOM fluorescence

characteristics: the humification index (HIX), the biological index

(BIX), the fluorescence index (FI), and the Ip/Ih ratio. Values of HIX

are used to indicate the humification degree of FDOM and are strongly

dependent on the C/H ratio in the molecular structure of DOM which
FIGURE 8

Vertical profiles of: the humification index, HIX (A, E), the ratio of the respective DOM fractions, Ip/Ih (B, F), the biological index, BIX (C, G) and the
fluorescence index, FI (D, H) in West and East Greenland Shelves, accordingly. Median values are marked with solid line, mean values are marked
with dashed red line, 10 th and 90 th percentiles are marked with the whiskers and 25 th and 75 th percentiles with the box. The dots represent
the outliers.
frontiersin.org

https://doi.org/10.3389/fmars.2024.1476768
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Zabłocka et al. 10.3389/fmars.2024.1476768
increases with the aromaticity (Stubbins et al., 2014). High HIX (>10) is

typical of freshwater environments, whereas values lower than 4 are

usually found in marine waters dominated by autochthonous organic

matter. When HIX is within 4 – 10, its character is of both terrigenous

and marine origin (Huguet et al., 2009; Singh et al., 2010). In our study,

HIX had values between 0.39 and 3.88, suggesting a biological or

aquatic bacterial origin of DOM. Slightly higher HIX values were

reported by Zabłocka et al. (2020) in Nansen Basin (Arctic Ocean). The

median HIX value was comparable to that reported in the surface

mixed layer water of the European continental shelf (Atlantic Ocean)

(Kowalczuk et al., 2013). The fluorescence index, FI, exhibits a negative

correlation with DOM aromaticity. Higher FI values signify stronger

autogenesis of DOM, indicating a biological origin as a primary source

of DOM. FI values exceeding 1.9 are characteristic of DOM produced

by aquatic organisms, while values below 1.4 indicate an external

source of DOM. Values falling in between suggest a combination of

terrigenous and autochthonous DOM sources (McKnight et al., 2001).

In our study, FI values ranged from 1.16 to 1.51. Within WGS, the

highest median FI value was observed in WGSW (1.38), followed by

slightly lower values in the DCM layer (1.34) and surface waters

(1.330). A similar pattern was observed in EGS with the highest median

FI in PW (1.28), the lowest in surface layer (1.25) and intermediate in

DCM layer (1.25). These FI values indicate a lower influence of external

sources in waters of WGS waters and a higher influence of external

DOM transport on optical properties in the eastern shelf of Greenland.

The biological index, BIX, provides insights into the proportion

of microbial-derived organic matter in comparison to exogenous

organic matter. The higher the BIX value, the greater the share of

DOM originating from biological sources, including phytoplankton

and bacteria metabolic products. Conversely, low BIX values point

at the terrestrial origin of DOM. Typically, BIX values in the range

of 0.6 to 0.7 indicate a low autochthonous impact, values between

0.7 to 0.8 suggest intermediate autochthonous impact, while values

in range of 0.9 to 1.0 signifies a strong autochthonous impact
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(Huguet et al., 2009; Wang et al., 2017b). In our study, BIX values

ranged from 0.78 and 1.48. The lowest median BIX value was

observed in surface waters of WGS (0.92), whereas the highest was

in the DCM layer (0.97), also of WGS. Median BIX values in EGS

were highest in surface waters (0.95), intermediate at the DCM layer

(0.94) and the lowest in PW (0.93). These median values suggest

mainly an autochthonous production of DOM.

The Ip/Ih ratio serves as a measure of the proportion between

protein-like and humic-like FDOM components and was

introduced by Kowalczuk et al. (2013), who established a certain

regularity: areas characterized by a lower Ip/Ih ratio coincided with

higher HIX values. A similar pattern was observed in the present

study, where the Ip/Ih ratio ranged from 0.43 to 3.80. The lowest

median Ip/Ih ratio was recorded in the PW in EGS (0.648) and in

deep water in WSGC in the WGS (0.71). In contrast, the highest

median Ip/Ih value (1.91) was measured in EGS surface waters and it

was nearly twice as high as that measured for surface waters of WGS

(1.02). The distribution of Ip/Ih clearly shows a higher contribution

of protein-like fluorophores in the East Greenland Shelf surface

waters, (almost four times higher Ip value than in WGS). This

suggests that microbial decomposition is the primary source of

protein-like components in those waters. Another factor

contributing to the high Ip/Ih could be associated with the

removal of humic-like fluorophores through photobleaching and

dilution of sea water by melt water depleted with FDOM.
4.4 FDOM dynamics in eastern and
western Greenland shelves

The eastern Greenland shelf is characterized by stronger

stratification, lower salinity, and a shallower thermocline,

primarily due to greater freshwater input from glacier melt and

river runoff. These physical conditions limit vertical mixing, which
FIGURE 9

Relationship between the total fluorescence intensity (Itot) and salinity (A), and between CDOM absorption coefficient (aCDOM(350)) and salinity (B) in surface
waters of East Greenland Shelf.
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in turn allows for a higher proportion of protein-like substances in

the DOM, indicating strong autochthonous production dominated

by microbial activity. The mixed layer depth (MLD) on the eastern

Shelf ranged from 7 m to 18 m, with an average 9 m, while the depth

of the deep chlorophyll a maximum (DCM) varied from 15 m to 48

m, averaging 33 m. Elevated BIX values, indicating the dominance

of biologically derived DOM, and higher FI values, reflecting a

significant microbial contribution to the DOM pool. Additionally,

HIX values at greater depths point to the presence of terrestrial,

humic-like DOM, brought in by glacial meltwater. Overall, the

combination of strong stratification and limited mixing results in an

eastern region that is heavily influenced by freshwater inputs and

autochthonous microbial production.

In contrast, the western Greenland shelf experiences weaker

stratification and greater vertical mixing, influenced by the influx of

warmer, saltier Atlantic waters. The thermocline is deeper, and the

DCM is more dynamic, which leads to a more balanced composition

of DOM. This indicates a mix of terrestrial and marine sources of

DOM. TheMLD on theWestern Shelf ranged from 9m to 70m, with

an average of 16 m, while the DCM depth ranged from 8 m to 70 m,

with an average of 35 m. The weaker stratification allows for the

upward mixing of humic-like substances from deeper waters,

contributing to a more complex DOM composition. HIX values are

lower in the western shelf, suggesting less humified, autochthonous

DOM in surface waters. The relatively balanced BIX values show that

microbial production is present but less dominant compared to the

eastern shelf, while the FI values similarly suggest a mixed DOM

source. The influence of Atlantic water and increased mixing results

in a western region that reflects a more intricate interplay of terrestrial

inputs and autochthonous production, modulated by physical

processes like vertical mixing and deeper thermocline dynamics.
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Our study, based on samples from West Greenland Shelf (July

2021) and East Greenland Shelf (August 2022), has enabled us to

characterize qualitative composition and spatial distribution of

chromophoric and fluorescent dissolved organic matter (C/

FDOM) in these waters. We identified five FDOM components:

three humic-like (C1, C2, C5) and two protein-like (C3, C4). The

Eastern Greenland shelf exhibited higher DOM fluorescence

intensity and aCDOM(350) values compared to the West

Greenland Shelf, indicating regional differences in DOM sources,

advection and transformation processes. Surface waters of the East

Greenland shelf were significantly enriched with protein-like

substances, indicating a strong influence of autochthonous or

microbial DOM origin. Optical indices: HIX, FI, BIX, and the Ip/

Ih ratio, further underscores the dominant role of autochthonous or

microbial DOM in the Eastern Greenland Shelf.

On the West Greenland Shelf, DOM composition showed small

variation across water masses. In the East Greenland Shelf we have

observed an increase in humic-like component contribution to

DOM composition with depth and with the increasing presence

of Polar Water. The weak correlation between chlorophyll a

concentration and the fluorescence intensity of the protein-like

components (Ip) in the WSG surface waters further supports the

autochthonous DOM source.

The relative stability of the CDOM absorption spectrum slope

coefficient in both Greenland Shelves over at least a decade suggests

that our measurements can provide an adequate baseline for remote

sensing applications, critical for developing reliable, basin-wide

chlorophyll a estimates and monitoring of global ocean health.

Our findings underscore the importance of monitoring DOM in

the context of tracing water masses. Particularly, the impact of sea

ice and Greenland glacier melting on DOM dynamics in the coastal

margins and fjords system should be investigated further. This

study provides valuable insights into the DOM optical properties in

the Greenland shelf waters, enhancing the understanding of

biogeochemical processes in Arctic regions under changing climate.
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