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Ocean Science,

Re: Response to reviewers comments on manuscript by Drozdowska et al., entitled “Title:
Study on organic matter fractions in the surface microlayer in the Baltic Sea by
spectrophotometric and spectrofluorometric methods.” submitted to Ocean Science and coded
0S-2017-4

We thank the reviewers for their constructive comments. We have followed their guidance, and
rewritten parts of the manuscript to place the work in better context. Especially the Discussion
is now much improved thanks to the suggestions of the Reviewers. We have also gone through
the text thoroughly to make any edits to the text to improve the flow and any grammatical errors
we found that could be corrected. With this exercise we have also rewritten the key points and
abstract to better highlight the main findings of this work.

The detailed comments to the Reviews are given below. After each Reviewers comments, our
responses are written using different font face and and start with Response:

Detailed Response to review by Reviewer #1:

General comments

The authors present an interesting data set on fluorescence and absorption measurements in the sea-
surface microlayer. Such measurements are valuable as they are scarce and important to understand
light penetration and photochemical processes at the sea surface.

Response: We would like to thank Reviewer #1 for appreciation of our work.



Unfortunately the authors do not discuss their results to those important processes at the sea
surface. General comments: More detailed description of sampling methodology, most critical in
research on the SML, are needed, and potential impacts on the results (i.e. by collected directly down
the vessel’s side and rather thick layers). Major data analysis to support the conclusions are lacking
from the manuscript, and statistics are partly incorrect. Discussion have to be re-written, i.e. in terms
of light penetration and photochemical processes, and most importantly with references to the
literature. Overall, the manuscripts requires major revision, and also grammar and language editing.

Response: In the revised manuscript we have completely rewritten the Discussion section
trying to link our results with physical and photochemical processes occurring at air-sea water
interface. We have rewritten the Material and Methods section giving detailed information on
sampling methodology in SML. We have also improved data analysis based on Reviewer #1
suggestions given in detailed remarks section. The whole revised manuscript was thoroughly
rewritten with focus given to Material and Methods Results and Discussions sections. Prior to
revised manuscript submission we have sent it to professional English editor to correct
grammar and usage of English. Response to detailed comments by Reviewer 1.

Page 1 (pls see continuous line numbers, thanks)

Response: The continuous line numeration has been applied in the revised manuscript.

Line 32: Inappropriate references; both are compendiums of different topics to the SML and upper
surface processes

Response:

These references are an absolutely basic about a role of SML in various processes connected to
the air-sea interactions. The books are mainly focused on the physics of aqueous molecular
sublayers, however, they present the valid point of view on physics, chemistry and biology of
the sea surface that are closely related. They contain the chapters on the exact topic of a sea
surface microlayer with analysis of the physical phenomena like: viscosity, thermal effects of a
cool and freshwater skin as well as diffusion and turbulence properties, connected with the top-
layer of the sea. They describe in details the huge amount of dynamic processes going in the
upper millimeters of the sea in various time and spatial scales — from micro-turbulence an fluxes
to the planetary boundary layer. Such an introduction allows to explain, why the study on
chemical composition of the organic molecules contained in a sea surface microlayer and the
processes that influence the changes in their composition are the important issues to work with.



Line 34: How about anthropogenic sources?

Response: We agree with Reviewer #1 remarks. anthropogenic sources of dissolved organic
matter have important contribution to pool of organic surface active compounds. Various
human activities could lead to increased presence of both natural and synthetic surface active
compounds found in SML. The sentence has been rewritten to a following form:

“Sea surface films are created by organic matter from sea marine and terrestrial sources: (i)
dissolved and suspended products of marine plankton contained in seawater (Engel et al., 2017),
(i) terrestrial organic matter that enter seawater transported from a land with riverine outflow
(natural and synthetic), (iii) natural oil leakages from the sea-bottom and iv) various
anthropogenic sources that includes discharge of hydrocarbons products from undersea oil and
gas production, marine traffic pollution and terrestrial discharge hydrocarbons and persistent
organic pollutants (Cunliffe et I., 2013; Engel et al., 2017)“.

Page 2

Line 1: " penetration of solar radiation and gas exchange, e.g. the generation of aerosols from the sea
surface"...light penetration and gas exchange not directly related to aerosol formation. Confusing
senstence.

Response: We agree with Reviewer #1 remarks. The questioned sentence has been rewritten
to a following form: “Surface active molecules (surfactants) present in SML may modify the
number of physical processes taking place occurring in the surface microlayer: among others
the surfactants affect the solar radiation penetration depth (Santos et al., 2012; Tisltone et al.,
2010), exchange of momentum between atmosphere and ocean by reducing the sea surface
roughness (Nightingale et al., 2000; Frew et al., 1990) of penetration of solar radiation and gas
exchange between ocean and atmosphere, , e.g. the impacting generation of aerosols from the
sea surface (Vaishaya et al., 2012; Ostrowska et al., 2015; Petelski et al., 2014)..”

line 9. Most of the surfactants are not fatty acids but carbohydrates and proteins with hydrophobic
groups (see also William et al., 1986)

Response: We partially agree with Reviewer #1 remarks. In the paper by Cosovié¢ and
Vojvodi¢ (Electroanalysis, 1998, 10 No.6) authors applied the aliphatic fatty acid as a model



surface active substance to test the electrochemical technique for analysis of surface active
substances in natural seawater. Secondly, a new sea surface microlayer model , developed by
Sieburth (1983), showed that the lipids were no longer considered to be present in sufficient
concentrations in SML (Cuncliffe et al, 2011, FEMS Microbiol Rev 35). However lipids,
because of their strong hydrophobicity, can significantly influence surfactant activity of
seawater surface. This is why I put the information about the important role of lipids in SML.
The questioned sentence has been rewritten and the citation to Williams et al., 1986 added. The
references list has been also updated.

” Surfactants comprise a complex mixture of different organic molecules of amphiphilic and
aromatic structures (with hydrophobic and/or hydrophilic heads) rich in carbohydrates,
polysaccharides, protein-like and humus (fulvic and humic) substances (Williams et al., 1986;
Cosovié¢ and Vojvodi¢, 1996; Cuncliffe et al, 2011) .”

Line24-28: delete or shortened this sentence.

Response: This sentence has been shortened and rewritten according to Reviewer #1 request.

“Recent advances in applications of the absorption and fluorescence spectroscopy in
environmental studies on aquatic dissolved organic matter both in fresh and marine
environments and engineered water systems have been summarized in numerous text books and
review papers (e.g. Coble, 2007; Hudson et al., 2007; Ishii and Boyer, 2012; Andrade-Eiroa et
al., 2013ab; Nelson and Siegel, 2013; Coble, 2014; Stedmon and Nelson, 2015).”

Line 30: SML already defined above. Be consistent with terms, e.g. sea surface microlayer and surface
microlayer

Response: The term surface microlayer and its abbreviation SML has been used consistently
in the revised version of the manuscript..

Line 36: The authors mentioned here analysis of marine surfactant, but in fact they analyze
FDOM/CDOM. Even though some surfactants share properties of CDOM/FDOM, these are two
different groups of chemical compounds defined by their hydrophobic properties and light absorption.
Please correct



Response: We have assumed that CDOM and FDOM constitutes a significant fraction of
organic marine surfactants in the Baltic Sea and could be regarded as a proxy of its
concentrations. Therefore we have changes the first sentence in the Material and Methods
section.

“Sample collection for spectroscopic characterization of the dissolved organic matter contained
in the SML and SS, that could be regarded as proxy for organic marine surfactants was
conducted during three research cruises of r/v ‘Oceania’ in April and October (two cruises) in
2015 and one in September 2016.”

Page 3

Line 5: Sampling the SML is critical due to its thickness of several ten’s of micrometer (see Cunlicffe et
al. 2013). The authors use a particular thick mesh collecting a rather thick layer of 1 mm. The platform
used for collecting is also not defined, and | need to assume it has been collected directly from the
research vessel. Literature describes collectig SML directly from the SML but | doubt SML with full
integrity can C2 OSD Interactive comment Printer-friendly version Discussion paper be collected with
this approach. My major concerns is that the authors ignore obvious sources of contamination (others
than visible oil spills) and disturbance of the SML in the manuscript.

Response: The samples were collected from the board of the vessel (r/y Oceania), that is about
2 m above the sea surface. The sampling was maintained about 15 minutes after anchoring, to
avoid the turbulences in the surface layer caused by the screw and ship movements. We used
the Garrett Net, mesh 18 (18 wires per inch), to collect the samples from the sea surface
microlayer, according to the procedure described by Garrett [1965]. The screen is 60 cm X
60 cm, made of metal and the size of holes is 1 mm while the thickness of the wire is 0.4 mm.
Thus, the thickness of a collected microlayer is about 0.5 mm and the efficiency is 60%. On
average, 22 such samplings were required to obtain 1 dm?® of microlayer water. The following
sampling procedure was established. First, the screen was immersed at an angle of 45 . Then,
once totally immersed, the screen was left under the water until the microlayer had stabilized.
Finally, it was carefully raised to the surface in a horizontal position at a speed of ca 5-6 cm s
(Carlson 1982). Water was poured from the screen into a polyethylene bottle using a special
slit in the screen frame.

Line 14-17: Move to the section "Results"

Response: These sentence has been moved to beginning of Results section.



Line 27: How about optical interferences of particulates in the samples during analysis?

Response: The main task in our work was to study the luminescent properties of the molecules
that form a surface microfilm. As it is well known, the seasurface microlayer is a gelatinous
film created by polysaccharides, lipids, proteins, and chromophoric dissolved organic matter
(Sabbaghzadeh et al., 2017; Cunliffe et al., 2013). It means, they are consisted of dissolved,
colloidal and particulate matter. Thus, not to dispose the absorbing and fluorescent matter
involved into a gel structure we don’t filtrate the samples. In the manuscript we present the
results of absorption and fluorescence indices based on CDOM absorption spectra and FDOM
3D fluorescence spectra, collected during three cruises and carried out on the unfiltered
samples.

Thus, the measured spectra of unfiltered water are distorted by the effects of scattering and
refraction on the large molecules of particle matted. The absorption spectra are the mostly
disrupted by scattering in short wavelength-UV, due to small protein-like particles, and in long
wavelength - visible range, due to scattering on particle molecules of phytoplankton and the
phytoplankton’s absorption from at 430 nm to 670 nm). But the applied absorption indices
(spectral slope and spectral slope ratio) are calculated in the spectral region that hardly
overcome the discussed (mentioned above) spectral ranges. Moreover, the fluorescent spectra
may be disordered by Rayleigh and Mie scattering on particle matter. However, in the first step
of the 3D fluorescence spectra analysis the scattering effects are subtracted.

The test on differences between the filtered and unfiltered water were performed in
September’16. The Figure 1. presents the results of CDOM absorption coefficient at seven
wavelengths (290, 300, 310, 330, 355, 375 and 412 nm) for the samples collected in a) the SML
and b) SS. The Figure 2. presents the dependence between salinity and FDOM intensity at main
FDOM peaks, [R.U.] for a) the SML and b) SS. The Fig. 3 shows a dependence between
acpom(355nm), [m?] and FDOM intensity at peaks [R.U.] for a) unfiltered and b) filtered
samples from the SML and SS. The absorption spectra show the differences in the values of the
absorption coefficient, between filtered and unfiltered probes, from about 2 m™ to 0.1 m™* for
estuary waters to the open sea, respectively, both, for the SML than SS. However, the absorption
indices are calculated on the base of the shapes of the spectra (in other words: are based on the
relative differences between the values of acpom())), therefore the filtration should not affect
their results. Moreover, the filtration changes the fluorescence spectra (Fig. 2) for a component
T (protein-like) only. However, the differences are the same for the SML and SS.

Thus, in the future we plan preparing both, filtered and unfiltered samples for laboratory
analysis, to compare the results of the absorption and fluorescent indices, calculated for both,
filtered and unfiltered water probes. However, based on the tests, we assume that the results of



absorption and fluorescent indices for unfiltered samples can be apply as the information about
the properties of chromophoric organic matter contained in the gelatinous structures of surface
biofilm.
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Fig.1. Dependence between salinity and acoom(2), [m™] for filtered and unfiltered samples
from a) the SML and b) SS.
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Fig. 2. Dependence between salinity and FDOM intensity at peaks, [R.U.] for filtered and
unfiltered samples from a) the SML and b) SS.

Page 7

Line 8: "smaller and smaller" is meaningless. Provide numbers and statistics for the decrease a sthe
information is hard to extract from the figure



Response:

To illustrate the decreasing differences between the values of absorption coefficients for SML
and SS with increasing salinity, see Figure 3. Fig. 3 presents the dependence between salinity
and the CDOM absorption coefficients, at several wavelengths: 254, 355 and 412 nm for\the
SS and SML, upper and lower graphs, respectively. The values of acbom(A) decrease with
salinity, in both: the SML and SS. However, the values of linear regression coefficients, for this
dependence, are higher in the SML than in SS. Thus, for low salinity the values of acoom()) in
the SML are higher than in SS, while with increasing salinity the values of acoom()) decrease
with increasing salinity and the difference between the results of acoom(A) for the SML and SS
decrease as well.
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Figure 3. Dependences between salinity and CDOM absorption coefficient at several
wavelengths.

Line 18: W1 is near-shore, not open sea, correct?

Response: Yes, station W1 is near the river outlet, while W9 is in open sea.

Line 24-25: The authors assumes correlation and linear regression is the same. That is incorrect (please
refer to textbook for statistics). In statistics, correlation is described as correlation coefficient r, and



not as coefficient of determination (r2 commonly used in regression analysis). Also provide p values to
describe the significance of the correlation. Linear regression requires an independent and dependent
variable, which is not the case here.

Response: | describe the relation between salinity and several absorption indices and use the
regression coefficient to show the force of the dependency between the changes of one and the
other variable. Therefore I should use “determination coefficient’” when I describe the linear
relation (and values of the regression coefficient) between the variables. Anyway, the
correlation coefficient, and R?, the coefficient of determination, are both measures of how well
the regression model describes the data. R values near 1 indicate that the equation is a good
description of the relation between the independent and dependent variables. In somehow I’d
like to make prediction of the changes of absorption indices but my study are based on in-situ
data and my database allow just working out the results and show the relations between the
data.

For the calculations of the linear regression of the variables | applied the confidence interval
95%, so p values were smaller than 0.05 — it means that probability of being wrong in
concluding that there is an association between the variables. The smaller the P value, the
greater the probability that there is an association.

Line 27-38: " the processes go faster in SML than in SS." i don’t understand. What processes? Why
faster? please explain.

Response: If a linear regression coefficient for a dependence described by the variables has a
greater value in SML than in SS, it means that a proportion between the variables is higher in
SML than in SS. And this situation means that the changes of a parameter along Axis Y vary
faster with the values along Axis X, while these changes have nothing to do with time. Or, in
the other words the relationship is stronger for SML and weaker in SS.

Page 9

Line 14: see above regarding regression vs correlation

Response: | write about the relation between the changes of both salinity and fluorescence
intensity, emitted by the main component of marine FDOM (A, C, M and T).



Line 16-19: Are the differences significantly differences? From figure 6, it seems some of the
comparision of R.U. are not significantly different, but it requires statistical test and p values, which
the authos should describe.

Response:

Firstly, the ANOVA test was applied for the results presented on Figure 6. The differentiation
factor for the results presented on the figure is the level of sampling: SML or SS . The null
hypothesis, Ho, is that the levels of sampling are meaningless (irrelevant), while the alternative
hypothesis, Hz, is that the levels of sampling are significant. When we apply the Standard
Deviation Statistics, proposed by Fisher, for significance level 95% (2 standard deviations) we
obtain that the difference presented as the bars on figs 6 are statistical insignificant. Thus, from
the ANOVA test we received the results that we cannot reject the null hypothesis, Ho. Thus, the
results presented on the figure 6 might be a completely random distribution. However, in spite
of the p-values indicate no statistical significance, one can see on the graphs that the values for
the SML are always higher than for the SS. Hence, the distinguish between the results for the
SML and SS exist. What is more, the differentiation factor is the level of sampling.

Then, we applied the ANOVA test for figure 7, where the differentiation factor for the results
is salinity. The null hypothesis , Ho, is that the different salinities are irrelevant (insignificant).
The alternative hypothesis is that the salinity regimes are significant. The ANOVA test gives
information that we can reject the null hypothesis. Thus, the salinity regimes for the results
SML and SS are statistically significant.

Figure 6 and 7: Slightly confusing as in Figure 6 authors grouped SML and SS in a single plot, but in
Figure 7 grouped between < 7 PSU and > 7 PSU.

Response: Figure 6 present the difference between fluorescence intensities for the SML and
SS. While, in Figure 7 the results of percentile contribution are presented in different salinity
regimes, for the SML and SS, separately. The left and right graphs, for SS and SML,
respectively, show the wider range of changes of percentile contribution of the all FDOM
components in the SML than SS. The statistical significance was obtain for such a presentation
of the results, where the differentiation factor was salinity. Moreover, the results of percentile
composition of the main components of marine FDOM (included in Figure 7) can be presented
in the same way as in the results in Figure 6 (in the Manuscript), Figure 4.



b)

40 | === SML I salinity =7 | 40
— S8
30 1 é;l i - 30
20 1 éﬂ : @5 'Ié L o0
safinity <7 @3
10 —— ; ; ; [ . - 10

A C M T A C M T
FDOM components

j8Y]
g

percentile contribution, [%]
percentile contribution, [%]

Figure 4. Dependence of percentage contribution of the main FDOM components in SML and
SS as the box plots for (a) coastal waters (salinity <7) and (b) open sea (salinity >7).

Page 12:
Line 16/17: is this statistically different based on a significance level of 95%?

Response: The calculations of the linear regression were made by Sigma Plot Toolbox with the
confidence interval 95%. The calculations give the values ‘a’, ‘b’ and ‘r?’.

Page 13 - Discussion is short (compared to the Results) and without a single reference to the literature.
The authors need to clearly define section Results and Discussion, or combined both if guidelines of
the journal allows it. More importantly, the authors need to discuss their results with findings from the
literature, e.g. in terms of relevant processes at the sea surface such as light penetration and

photochemistry.

Response: | put the changes into the manuscript.



Violetta Drozdowska
Institute of Oceanology
Polish Academy of Sciences,

u. Powstancow Warszawy 55,

81-712 Sopot, Poland

June 20, 2017

Dr Oliver Zielinski,
Mrs Natascha Topfer,
Editors

Ocean Science,

Re: Response to reviewers comments on manuscript by Drozdowska et al., entitled “Title:
Study on organic matter fractions in the surface microlayer in the Baltic Sea by
spectrophotometric and spectrofluorometric methods.” submitted to Ocean Science and coded
0S-2017-4

We thank the reviewers for their constructive comments. We have followed their guidance, and
rewritten parts of the manuscript to place the work in better context. Especially the Discussion
is now much improved thanks to the suggestions of the Reviewers. We have also gone through
the text thoroughly to make any edits to the text to improve the flow and any grammatical errors
we found that could be corrected. With this exercise we have also rewritten the key points and

abstract to better highlight the main findings of this work.

The detailed comments to the Reviews are given below. After each Reviewers comments, our

responses are written using different font face and start with Response:
Detailed Response to review by Reviewer #2:
General comments

In the manuscript entitled "Study on organic matter fractions in the surface microlayer in the Baltic

Sea by spectrophotometric and spectrofluorometric methods" authors pay attention to an important



issue regarding to the influence of surfactants on the physical processes occurring in the sea surface
layers. In the manuscript authors present an important results of absorption and fluorescence for
samples collected from a surface microlayer (SML) and subsurface layer (SS) in the Batic Sea both in
the open sea and near-shore. Based on absorption and fluorescence measurements authors deter-
mined several parameters to describe the changes of organic matter and discuss the processes occur
in the sea surface layers.

The manuscript consists of 5 sections. In section 1 authors introduce the reader to the issue. In Section
2, authors present collection and characterization of samples, studied area and specification of
measurements. Moreover, in this section authors present the detailed description of several specific
absorption and fluorescence indices. Next, in section 3 authors present detailed description of
obtained results taking into account the specific absorption and fluorescence indices and the
relationships between them. Next, authors discuss obtained results in the Section 4 and finally the
authors conclude the manuscript in Section 5.

The manuscript reports findings that are interesting for future work in ocean optics. Manuscript has
scientific weight.

In my opinion the manuscript require several corrections to be suited for publication. The suggested

corrections before the publication of the manuscript were mentioned below.

Response: We thank the Reviewer #2 for appreciating our work.

Detailed comments:

1. The name of the Section 2 "Method" should be specified. Now the name of this section suggests
about description of used method, however authors describe in this section several issues: the used
material, studied area and specification of measurements or specific absorption and fluorescence

indices.

Response: We agree with the Reviewer #2 remarks. The Section 2. (titled: “Methods”) contains
the information on many aspects of the marine and laboratory measurements: a study area and
sampling methodology, the equipment and laboratory measurements as well as the calculations
of the collected dat. Therefore the name of the Section 2. will be changed into “Measurements”
and, the Section 2. will be divided into 3 subsections titled : 2.1 SML sampling; 2.2 Laboratory
spectroscopic measurements of CDOM and FDOM optical properties; 2.3 Optical indices of
CDOM and FDOM used for calculations.



2. | suggest, that better would be if authors move the subsection 2.3 "CDOM and FDOM optical
properties" and described this in separate section "Optical indices used for calculations" or "Optical
indices of CDOM and FDOM used for calculations" with two subsections: absorption indices and

fluorescence indices.

Response: We agree with the Reviewer #2 remarks. The Section 2.3 “CDOM and FDOM
optical properties” is consisted of two parts: the first one deals with the absorption spectra
analysis and calculations of the absorption indices and the second one is dedicated to
fluorescence data. Hence, the Section 2.3 will be divided into two subsections: 2.3.1 Absorption

indices and 2.3.2 Fluorescence indices.

3. I think that better would be, if all data of calculated optical indices have been collected in one table.

Response: In our opinion it would be better to leave two separate tables to follow the text with
the data included in the tables. The data included in the Table I refer to the results of absorption
analysis, discussed in section 2.3.1, while in the Table Il to the results of the fluorescence
analysis described in the section 2.3.2. Moreover, the results included in the Table I are
calculated for the first and last station only, along the sampling transect during three research
cruises. While, the median of the fluorescence indices presented in Table Il are calculated for

the group of samples collected in water of less salinity (< 7) and of higher salinity (> 7).

4. The English language of the manuscript is good. However, several sentences are unclear or contain
colloquial phrases, for example: page 7 line 8 "...become smaller an smaller.." better would be
"...decreasing..." page 12 line 2 "...the biggest relative changes..." better would be "...the highest
relative changes.." page 13 line 3 "...shorter wavelength..." better would be "...lower wavelength.."
page 15 line 7 "What is more..." better would be "Moreover.." | think that a little English correction

can improve quality of the manuscript.

Responses: The sentences has been corrected and rewritten according to Reviewer #1 request:
page 7 line 8, there was: Moreover, with an increase of a distance from the river outlet, the
intensity of light absorption is decreasing significantly and the differences between the SML

and SS become smaller and smaller.



There is: Moreover, with an increase of a distance from the river outlet, the intensity of light
absorption is decreasing significantly and the differences between the SML and SS decreasing

as well.

page 12 line 2, there was: Hereby, the biggest relative changes of the FDOM component
composition, along the transect from the Vistula River outlet to Gdansk Deep, were recorded
for component T, both in SML and SS (about 18.5 % and ~12.3 %, respectively), while the
relative changes of A, C and M components were: 4.1, 8.1 and 2.6 % in SML and 1.9, 3.1 and
4.7 % in SS, respectively.

It is: Hereby, the highest relative changes of the FDOM component composition, along the
transect from the Vistula River outlet to Gdansk Deep, were recorded for component T, both in
SML and SS (about 18.5 % and ~12.3 %, respectively), while the relative changes of A, C and
M components were: 4.1, 8.1 and 2.6 % in SML and 1.9, 3.1 and 4.7 % in SS, respectively.

page 13 line 3.
Response: In my opinion, ‘lower’ and ‘shorter’ have the same meaning with respect to the limit
of wavelength range of light and may be used interchangeable. However, we agree with the

Reviewer, that in this context: ‘low’ fits better.

There was: However the photochemical degradation processes, resulting in a decrease in the
mass of molecules and an increase of concentration of low molecular-weighted molecules, are
much more spectacular in a shorter wavelength range and are held primarily in the surface
microlayer, SML.

There is: However the photochemical degradation processes, resulting in a decrease in the mass
of molecules and an increase of concentration of low molecular-weighted molecules, are much
more spectacular in a lower wavelength range and are held primarily in the surface microlayer,
SML.

page 15 line 7, there was: What is more, a decreasing of DOM concentration with salinity occurs
faster in SML than in SS.

There is: Moreover, a decreasing of DOM concentration with salinity occurs faster in SML
than in SS.



5. The data presented in tables are unnecessarily duplicated in the text, for example: - page 7 line 15-
17 - duplicated data from Table 1 or - page 10 line 17-19 duplicated data from Table 2, instead the

duplication, the authors should discuss this data.

Response: We agree with the Reviewer #2 that we should add some comments in this
paragraph. Thus, some comments was added. However we decided to leave the text, with the
numbers, unchanged.

The additional sentences: The higher values of Sr in the SML in the open sea waters, mean the
smaller size of CDOM that may exist due to a photodegradation process (Helmes et al., 2008).
While the lower values of Sr in the SML in the vicinity of the river outlet may mean the forming
of the surface structures from the hydrophobic molecules coming with freshwater (Cuncliffe et
al., 2009).

6. Fig. 3 - incorrect legend.

The legend in the Figure 3 was corrected. There was:

a b [
024 ) ) 1.6 ) 15
022 | 5=0.00435S +b S,=0,11S +b o MW=2.238 + b o
2 i = c | =0.94, n=27
020 | o084 n=27 r?.=0,58, n=27 E‘ﬂx r7L=0.940=27
o8 adga |14 10
016 i 3
@
T 014 1.2 ‘g gl
012 4 o @
A e = L
© 010 vaois| o 8s © SS G
) = il
o 008 IX 2016 10 o 0.2
S 4 5 6 7 84 5 6 7 8 24 5 6 7 8 =
o g =
D g24 ) e) 168 0 155
g .022 | 5=0.00439S +b g $,=0,138 +b A 8 MW=3.029S + b '57
& 020 | r’L=067,n=27 r2L=0,58, n=27 a, o | r2=057, n=27 D
o l w =
& 018 s 1.4 10 ¢
016 3
014 8
012 1.2 . 5 3
o10f 4 =
.008 SML SML
.006 1.0 0
4 5 6 7 84 5 6 7 8 4 5 6 7 8

Salinity

There is:



a) b) <)
.025 16 15
S=0.00435S + b 5,=0,11S +b i MW=2293S + b
r271=0,84, n=27 r?1= 0,58, n=27 ma r*1=0.94, n=27
020 - ®
o] S8 %ﬁ 14 S8 //{ 10
015 A w -
f ) o P
- a é | a apirs e {0 & 5
£ .010 A | October'15 /1% g
= September16 [&~ [
9 oos5 / 10 & 0
] d e o
g o5 & ) 160 D 15
» $=0.00439S + b S.=0,138 +b A © | MW=3.0295+b
= 3= 0,67, n=27 r7=0,58, n=27 B B |r?=057.n=27
§ 0 ut 2 | smL /ﬁ’
g SML SML o (140 b 10
@ = L] s
015 A = A o ®
[} . d 1.2 . 5
ol A 7= e >
i A
P
005 1.0 0
4 5 6 7 84 5 6 7 8 4 5 6 7 8

Practical salinity

7. Fig. 7 - no description of X-axis

We corrected the Fig 7 by adding the description : “FDOM components”, to the Axis X.

There was:
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8. Page 7 line 19 - W1 station describes the area near Vistula River outlet not open sea

Response: The sentence has been corrected. There was: However in W1 (the open sea) the
differences were 3.1, 1.5 and 3.5 %, while in W9: 10.5, 5.4 and 11.9 %.

There is: However in W9 (the open sea) the differences were 3.1, 1.5 and 3.5 %, while in W1:
10.5,5.4 and 11.9 %.



9. Page 5 line 18 - it should be S(275-295) not S(274-295)?

Response: The sentence has been corrected. There was: A spectral slope coefficient ratio, Sg,
(S274-205 t0 Saso-400) IS negatively correlated with molecular weight of CDOM in humic

substances.
There is: A spectral slope coefficient ratio, Sr, (S275-205 t0 Szs0-400) is negatively correlated with

molecular weight of CDOM in humic substances.

The references list has been also updated.



Violetta Drozdowska
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Polish Academy of Sciences,

u. Powstancow Warszawy 55,

81-712 Sopot, Poland

June 20, 2017

Dr Oliver Zielinski,
Mrs Natascha Topfer,
Editors

Ocean Science,

Re: Response to reviewers comments on manuscript by Drozdowska et al., entitled “Title:
Study on organic matter fractions in the surface microlayer in the Baltic Sea by
spectrophotometric and spectrofluorometric methods.” submitted to Ocean Science and coded
0S-2017-4

We thank the reviewers for their constructive comments. We have followed their guidance, and
rewritten parts of the manuscript to place the work in better context. Especially the Discussion
is now much improved thanks to the suggestions of the Reviewers. We have also gone through
the text thoroughly to make any edits to the text to improve the flow and any grammatical errors
we found that could be corrected. With this exercise we have also rewritten the key points and

abstract to better highlight the main findings of this work.

The detailed comments to the Reviews are given below. After each Reviewers comments, our

responses are written using different font face and start with Response:

Detailed Response to review by Reviewer #3:

General comments:



The manuscript titled “Study on organic matter fractions in the surface microlayer in the Baltic Sea by
spectrophotometric and spectrofluorometric methods” by Drozdowska et al add to our knowledge
about optical parameters of the microlayer and surface layer. In my opinion, it is a step towards remote
sensing of microlayer properties, something that would be extremely helpful for studying its effect on
air-sea interaction fluxes. | believe the manuscript documents well what and how has beed measured.

| recommend publishing it after minor revision.

Response: We thank the Reviewer #3 for appreciating our work.

The open review process of the EGU journals has both advantages and disadvantages.

However, the fact that | see the previous two reviews makes it easier for me because | do not need to
repeat what has already been told. So agreeing with most of the commands of my respectable
anonymous peer-review colleagues, | will just comments on thing which | did not see in their

comments.

Response: The authors agree with most of the comments included in the reviews #1 and #2
and #3 and the prepared final manuscript has been corrected according to the advice given by
Reviewers #1 and #2 and #3.

Detailed remarks:

The fluorescence intensities A, C M and T should be explained in the abstract. Something simple like
“fluorescence intensities at Coble classification peaks" should be enough to give some hint to the

reader what they are.

Responses: The main fluorophores included in marine CDOM molecules were, the first time,
classified by Coble (1996). The maxima of the main fluorescence peaks of marine CDOM
are different for freshwater, open sea, coastal and estuary waters and are the subject of many
studies. Thel information about naming of A, C, M and T as “fluorescence intensities at Coble
classification peaks" is put to the abstract.

It was: . Several absorption (E2:Es, S, Sr) and fluorescence (fluorescence intensities at peaks:
A, C, M, T, the ratio (M+T)/(A+C), HIX) indices of colored and fluorescent organic matter
(CDOM and FDOM) helped to describe the changes in molecular size and weight as well as in

composition of organic matter.



It is: . Several absorption (E2:Es, S, Sr) and fluorescence (fluorescence intensities at Coble
classification peaks: A, C, M, T, the ratio (M+T)/(A+C), HIX) indices of colored and
fluorescent organic matter (CDOM and FDOM) helped to describe the changes in molecular

size and weight as well as in composition of organic matter.

Units in the figures should be presented in [ ] braces.

Response: The all units in the all figures were put into the brackets [...] were, except Fig. 1.
The figures: 2,3,4,5,6 and 7 are:
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Date format in Table 1 is certainly not something most English native speakers will recognize. Because

of the US/UK dichotomy (09/11/2001 versus 11/09/2001), | suggest using month names explicitly (11

September 2001). The hyphen in “October’2015” is not necessary (at least in two places). One uses it

only to shorten the year (October ‘15).

Response: The name of date in Table 1 and in the text were written explicitly.

There was:
A slope ratio — Sr (= S275-295/S350-400)
Sr - for SS Sr - for SML
15-16™" X 15-16t X
28" 1V 2015 111 1X 2016 | 28t 1V 2015 11™ 1X 2016
2015 2015
w1 1.58 1.16 1.61 1.43 1.10 1.35
W9 1.30 1.33 1.40 1.34 1.35 1.45
There is:
A slope ratio — Sr (= S275-295/S350-400)
Sr - for SS Sr - for SML
. 15-16 October | 11 September ) 15-16 11 September
28 April 2015 28 April 2015
2015 2016 October 2015 2016
w1 1.58 1.16 1.61 1.43 1.10 1.35
W9 1.30 1.33 1.40 1.34 1.35 1.45




| commend the authors for using unitless practical salinity (as all the relevant standards have it).
However, the word "practical" should be added somewhere before salinity to make it obvious that the

salinity was not absolute.

Response: The authors agree with the Reviewer #3 remark and just put the name “Practical

salinity” — as a description of the X axes — into the figures: Fig.3 and Fig.5.

There is: Figure 3
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There is Figure 5:
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Abstract. The fluorescence and absorption measurements of the samples collected from a
surface microlayer (SML) and a subsurface layer (SS), a depth of 1 m were studied during
three research cruises in the Baltic Sea along with hydrophysical studies and meteorological
observations. Several absorption (E2:Es, S, Sr) and fluorescence (fluorescence intensities at
Coble classified peaks: A, C, M, T, the ratio (M+T)/(A+C), HIX) indices of colored and
fluorescent organic matter (CDOM and FDOM) helped to describe the changes in molecular
size and weight as well as in composition of organic matter. The investigation allow to assess
a decrease in the contribution of two terrestrial components (A and C) with increasing
salinity (~1.64% and ~1.89 % in SML and ~0.78% and ~0.71 % in SS, respectively) and an
increase of in-situ produced components (M and T) with salinity (~0.52% and ~2.83% in
SML and ~0.98% and ~1.87% in SS, respectively). Hence, a component T reveals the
biggest relative changes along the transect from the Vistula River outlet to Gdansk Deep,
both in SML and SS, however an increase was higher in SML than in SS (~18.5% and
~12.3%, respectively). The ratio E2:E3 points to greater changes in a molecular weight of
CDOM affected by a higher rate of photobleaching in SML. HIX index reflects a more
advanced stage of humification and condensation processes in SS. Finally, the results reveal
a higher rate of degradation processes occurring in SML than in SS. Thus, the specific
physical properties of surface active organic molecules (surfactants) may modify, in a
specific way, the solar light spectrum entering the sea and a penetration depth of the solar
radiation. Research on the influence of surfactants on the physical processes linked to the
sea surface become an important task, especially in coastal waters and in vicinity of the river

mouths.

4.1 Introduction -

The sea surface is a highly interface between the sea
and the atmosphere (Soloviev and Lukas, 2006; Liss and Duce, 2005). The physicochemical

and biological properties of a surface microlayer (SML, a surface film), are clearly and
measurably different from the underlying water due to the molecules forming SML, called
surfactants-{Seloviev-and Lukas, 2006; Liss and Duce, 2005), Sea surface films are created
by organic matter from sea-marine and landterrestrial sources: (i) dissolved and suspended

products of marine plankton contained in seawater (ciationEngel et al., 2017), (ii) terrestrial

organic matter that-enter-seawatertransported from a-land with riverine outflow (natural and

Sformatowano: Czcionka: Pogrubienie

Sformatowano: Numerowanie + Poziom: 1 + Styl
numeragji: 1, 2, 3, ... + Rozpocznij od: 1 + Wyréwnanie:
Na lewo + Wyréwnanie: 0.63 cm + Wciecie: 1.27 cm

Z komentarzem [A1]: Cos trzeba zrobic z tymi
cytowaniami. — Przesungtam je o 1 zdanie wyzej. A w
odpowiedzi wyjasnitam, ze: “The books are mainly focused
on the physics of aqueous molecular sublayers, however, they
present the valid point of view on physics, chemistry and
biology of the sea surface that are closely related.”

Z komentarzem [A2]: ,,Cos trzeba zrobic z tymi
cytowaniami.
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synthetic) and (iii) natural oil leakages from the sea-bottom, iv) and various anthropogenic

sources that includes discharge of hydrocarbons products from undersea oil and gas

production, marine traffic pollution and terrestrial discharge hydrocarbons and persistent
organic pollutants (Cunclivffe et al., 2013; Engel et al., 2017¢itation).——products—from
leakages-of the-sea-bettom- Surface films dissipate due to loss of material at the sea surface,
including microbial degradation, chemical and photo chemical processes, as well as due to

absorption and adsorption onto particulates (Liss et al., 1997). Hewever—tThe surface
microlayer is almost ubiquitous and cover most of the surface of the ocean, even under high
turbulence conditions ef-high-turbulence-(Cuncliffe et al., 2013). Surface active molecules
(surfactants) present in SML may modify the-number of physical processes taking-place
occurring in the surface microlayer: among-ethers-theysurfactants affect the solar radiation
penetration depth (Santos et al., 2012; Carlucci et al., 1985¢katien), exchange of momentum

between atmosphere and ocean by reducing the sea surface roughness (Nightingale et al.,

2000; Frew et al., 1990 eiation) efpenetration-ofselarradiation-and gas exchange between

ocean and atmosphere, —e-g—theimpacting generation of aerosols from the sea surface
(Vaishaya et al., 2012; Ostrowska et al., 2015; Petelski et al., 2014). Therefore, research on

the influence of surfactants on the sea surface properties become an important task,
especially in coastal waters and in a vicinity of the river mouths (Maciejewska and
Pempkowiak, 2015).

Surfactants comprise a complex mixture of different organic molecules of

lamphiphilid and aromatic structures (with hydrophobic and/or hydrophilic heads) rich in

carbohydrates, polysaccharides, protein-like and humus (fulvic and humic) substances
(Williams et al., 1986; Cosovi¢ and Vojvodié, 19968; Cuncliffe et al, 2011)Surfactants

organic compounds possess, especially fulvic and humic substances, the-optically active

parts of the-molecules_that absorb the light, called -e—chromophores, that-abserb-the-Hght
energy-(CDOM, chromophoric dissolved organic matter), and fluorophores, that absorb and

emit the-light (FDOM _— fluorescent dissolved organic matter). Due to the complexity and

variabiiby-of-the-compositional variability of the dissolved marine-organic matter mixture,

the-the absorption and fluorescence (excitation-emission matrix) spectroscopy {Stedmen-et

at-2003: Hudson-etal-2007-Coble, 2007)-best-were found as fast and reliable available
tool-methods (fast-and-—reliable)-te-for detection and identifyication the-of the dissolved

[ Sformatowano: Nie Wyrdznienie

Z komentarzem [A3]: ???? — czy nie mialo by¢ aliphatic ?-

~ Jest ok. ,,Amfifilowe”, to takie hydrofobowo-hydrofilowe.

Z komentarzem [A4]: Niedobre stowo — czy chodzito o
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okreslenia ,,head”
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organic matter in seawater (Stedmon et at, 2003; Hudson et al., 2007; Coble, 2007; Jorgensen

etal., 2011). —is-

intensities-absorbed-and-emitted-by-the-moleculesHence, the-aAbsorption and fluorescence
spectra of specific organic compounds_groups may allow the-identification of-the sources

transformations of dissolved organic matter (Coble, 1996; Lakowicz, 2006). Several indices

describing the changes of a concentration (citationBlough and Del Vecchio, 2002), a
molecular weight (Peuravuori and, Pihlaja, 1997)citatien), a composition of CDOM/FDOM

(Stedmon and Bro, 2008;: Boehme and Wells, 2006¢itatien) and a rate of degradation

[ Sformatowano: Angielski (Stany Zjednoczone)

[ Sformatowano: Angielski (Stany Zjednoczone)

processes (Milori et al., 2002; Glatzel et al., 2003; Zsolnay, 2003¢iation) can be calculated
from Fhe-analysis-ef-the CDOM absorption and 3BD-FDOM fluorescence excitation and
emission matrix fluerescence-spectra EEMs, that could be useful to study dissolved organic
matter dynamics and composition in surface micro layer. -enabled-te-caletlate severaindices

TFhere-are-many-appheations-Recent advances in applications of the absorption -and

fluorescence spectroscopy in environmental studies on eeeanegraphic-aquatic dissolved
organic matter both in fresh and marine environments and engineered water systems have

been summarized in numerous text books and review papers (e.q. Coble, 2007; Hudson et
al., 2007; Ishii and Boyer, 2012; Andrade-Eiroa et al., 2013ab; Nelson and Siegel, 2013;
Coble et al.; 2014; Stedmon and Nelson, 2015). The humic substances contribute

significantly both to CDOM pool in the water column as well as to surfactants concentrations

especially in coastal ocean, estuaries and semi-enclosed marine basin that are impacted by

terrestrial runoff and marine traffic. Therefore optical methods could be usedd efficiently for

determination of natural and anthropogenic organic surface active substances in SML
(Drozdowska et al. 2013; Drozdowska et al., 2015;; Pereira et al., 2016; Frew et al.,2004;

Zhang et al., 2009; McKnight et al., 1997; Guéguen et al., 2007—Baszanowska22) -studies

no-\Waterma fa) a VAN-Wa' allfa a iV ams—eta 010 naa-eHob ale

Z komentarzem [A5]: Jakig$ inne miedzynarodowe
publikacje???
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Baltic Sea is a semi-enclosed marine basin with annual riverine discharge reaching

ca. 0.X¢5 10°x km? -of fresh water (Leppéranta and Myrberg, 2009).. Maximum freshwater

runoff occurs in April/May. -The fresh water carries both high concentrations of CDOM
(Drozdowska and Kowalczuk, 1999; Kowalczuk, 1999; Kowalczuk et al., 2010;; Ylostallo
et al., 2016) and substantial loads anthropogenic pollutants and inorganic nutrients
(Drozdowska et al., 2002; Pastuszak et al., 2012) that stimulates phytoplankton blooms, This

marine basin is also impacted by significant pollution caused by the high marine traffic

(Kkonik and Bradtke, 2016-%X). suehas%he—BalﬂeéKewale&Heet—al—Z@%@—Drezdw%et

Fhis-The main goal of this study was i) to distribution of concentration of specific

CDOM/FDOM components in the SML and subsurface waters (SS - 1 m depth) in the

salinity gradient along a transect from the Vistula River mouth to Gdansk Deep, Gulf of

Gdansk, Baltic Sea; ii) observe the compositional changes of CDOM/FDOM derived from
changes of spectral indices calculated from absorption and EEM spectra; paperisfocus-on
iii) describe and iii) distinguishing fate—and—cencentration—of-specific CBOM/IFDOM

compenents-of-organic-matter-to-detect-and-deseribe-the-processes that lead to observed
differences in CDOM/FDOM concentration and that-composition in the SML and SS along

sampled transect. eeeu#m%hesea—su#ae&#ue@aye#s{%MJ:)ﬁ}d—msubsuﬁaeH&yer{ss}

2 Measurements Methods-Measurements!\aierials and methods <

2.1 Materials-and-study-areaSML sampling
Sample collection for spectroscopic characterization Research—to—identifyof the

dissolved organic matter contained in the SML and SS, that could be regarded as proxy for
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marine surfactants were conducted during three research cruises of r-/-v y~Oceania” in April

and October {two-eruises+1-2015 and ene-in September 2016). Fhe-study-was-conducted

Measurement of physical parameters of sea water and samples collection -were performed

at nine stations along the transect 'W' - from the mouth of the Vistula River, W1, along the



Gulf of Gdansk to the Gdansk Deep in the open sea, W9, (Figure 1). Fhe-study-areaGulf of
Gdansk is under direct influence of the main Polish river system, Vistula, which drains the
majority of Poland (Uscinowicz, 2011). Meteorological observations (wind speed and wind

direction, and a surface waves high were recorded) and CTD cast with use of the SeaBird

SBE 19 probe was performed Fhe-foHowing-tasks-were-performed-at every station. Water
samples were collected at SML and SS.: {i}-measurement-of-the-hydrophysical-parameters

observations-The SML Ssampling was carried out when the sea state was £0-4 B only, and

there were no detectable oil spills. The samples were collected from the board of the vessel

(r/ly Oceania), that is about 2 m above the sea surface. The sampling was maintained about

15 minutes after anchoring, to avoid the turbulences in the surface layer caused by the screw
and ship movements. We used the Garrett Net, mesh 18,-(18-wires-perinch); to collect the

samples from the sea surface microlayer, according to the procedure described by Garrett

(1965). The mesh screen is 650 cm x 650 cm, made of metal, and the size of holes is 1 mm,

while the thicknessdiameter of the wire is 0.4 mm. Thus, the thickness of a collected
microlayer is about 0.5 mm. and-the-efficieney-is-60%--On average, 22 such samplings were
required to obtain 1 dm® of microlayer water.—Fhe—folowingsampling—procedure—was
established: First, the screen was immersed.-atan-ansleof45-- Then, once totally immersed,

the screen was left under the water until the microlayer had stabilized. Finally, it was

carefully raised to the surface in a horizontal position at a speed of ca 5-6 cm s_! (Carlson

1982). Water was poured from the screen into a polyethylene bottle using a special slit in

{(Garrett—1965). In the same places the SS samples from a depth of 1 m were taken by a
Niskin bottle. Freunfiltered samples—were—placed—into—da bottles—and—stored—at—4°C-
Collected, unfiltered water samples were stored in amber glass bottles in the dark at 4°C

until analysis in the land based laboratory-Buring-samphing-the-measurements-oftemperature

‘| Z komentarzem [A6]: Recenzent chee doktadnego opisu
poboru probek w SML — to jest za mato.
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Figure 1 . Measurementsing stations reatized-sampled during research cruises of
r/yv Oceania: 28™ April and 15-16" October in 2015 and 11™ September
in 2016.

2.2- Laboratory spectroscopic measurements of CDOM and FDOM_optical properties

stations—Spectrophotometric and spectrofluorometric measurements of the—collected

samples were earried-conducted in laboratory the Institute of Oceanology Polish Academy

of Sciences, Sopot, Poland, within a week?4 h after the cruise end. Before any spectroscopic

measurements water samples were left to warm up to room temperature. eut-in-24-hours-after
The main task in our work was to study the luminescent properties of the molecules
that form a surface microfilm. However, Asitis-well-known T the seasurface microlayer is

a gelatinous film created by polysaccharides, lipids, proteins, and chromophoric dissolved
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organic matter (Sabbaghzadeh et al., 2017; Cunliffe et al., 2013) and —}-means—consisted of

dissolved, colloidal and particulate matter. Thus, not to dispose the absorbing and fluorescent

matter involved into a gel structure we do no’t filtrate the samples. In the manuscript the

results of absorption and fluorescence indices based on CDOM absorption spectra and

FDOM 3D fluorescence spectra, collected during three cruises and carried out on the
unfiltered samples are presented. There-were-performed-tThere were performed the tests on

filtrated and unfiltrerated probes, sampled during one cruise (not published). Changes in the

Sformatowano: Nie Wyrdznienie

Sformatowano: Nie Wyrdznienie

absorption spectra resulting from the unfiltering of the samples occur mainly in the short UV

and far VIS range. However, these differences do not cause significant changes in the

absorption indices, because they are calculated on the basis of the shapes of the spectra (in

other words: are based on the relative differences between the values of acoom())) in the
range between the affected ends of the measuring range-\Afe—obtain-that-in-spiteof the

acoom{?)). Moreover, in the studied fluorescence spectra, due to lack of filtration, we obtain

a strong elastic and non-elastic scatter band, which, however, is removed in the first step of
the analysis.therefore-the-filtration-do-noteffecttheirresults—Moreover; The-the filtration
procedure affects ehanges—the fluorescence spectral band —(Fig. 2) for a component T

(protein-like) only, that is much effectively retained on the filter, ~Hhowever, the differences

are the same for the SML and SS—i—is-weH-knownthatfiltration-separates—particulate

filter-by-sorption-processes{Cosovié-and-Vojvedié; 1998). Knowing the limitations of the
applied procedures, we decide to conduct research on unfiltered water Fherefore—the—al

i iitration(Cosovié and Vojvodié, 1998; Drozdowska

et al., 2015).

CDOM absorption measurements were done with use of Perkin Elmer Lambda 650

spectrophotometers in the spectral range 240 — 700. All spectroscopic measurements were

done with use of 10-cm quartz cell and ultrapure water MilliQ water was used as the

reference for all measurements. Raw recorded absorbance A(A) spectra were processed and

the CDOM absorption coefficients acpom()) in [m '] were calculated by:
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aCDOM(L) = 2.303-A(A)/1 (1)

where, A(A) is the corrected spectrophotometer absorbance reading at wavelength A and 1 is

the optical path length in meters.

A nonlinear least squares fitting method using a Trust-Region algorithm
implemented in Matlab R2011b was applied (Stedmon et al., 2000, Kowalczuk et al., 2006)

to calculate CDOM absorption spectrum slope coefficient, S, in the spectral range 300-600

nm using the following equation:

Beoon(D) =amoml)e S Ak ()

where: g is 350 nm, and K is a background constant that allows for any baseline shift caused

by 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. The parameters acpom(350), S, and K were estimated

simultaneously via non-linear regression using Equation 2 in the spectral range 300-600 nm.

The 3Db-steady-statefluorescence-spectra{3D-EEMs)-organic matter fluorescence

Excitation Emission matrix spectra of all collected samples the-samples,—and-of-MHH-Q
water-were earried-outmade using Varian Cary Eclipse scanning spectrofluorometer ina 1

cm path length quartz cuvette using a 4 ml sample volume. A series of emission scans (280—

600 nm at 2 nm resolution) were taken over an excitation wavelength range from 250 to 500

nm at 5 nm increments. The instrument was configured to collect the signal using maximum

lamp energy and 5 nm band pass on both the excitation and emission monochromators. Prior

the measurements of each batch of samples the fluorescence EEM spectrum of Mili-Q water
blank sample was measured using the same instrumental set up. Tthe intensity of the MiliQ
water Raman emission band as-the-areawas calculated by integrating the area under emission
spectrum ; in athe spectral range: 374 - 424nm, below-the Raman-emission-curve indueexited

9
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ed-at 350 nm (in literature: 355nm) was-ealetlated-(Murphy et al., 2010). The blank MiliQ

fluorescence signal was subtracted from all EEMs samples. All blank corrected spectra were

normalized to MiliQ water Raman emission (scaled to Raman units R.U.) by dividing the

resulting spectra by calculalted Raman emission inetensity value.

2.3 CBOM-and-FDOM-optical properties-Optical indices of CDOM and FDOM used for

calculations

2.3.1 Absorption indices,

Based on measured absorption spectra —ealeulate—the—absorption—coefficient;
acoom{—)—(applied-as—a-proxy-of CDOM-concentration)-and-several_spectral absorption
indices_have been calculated. The—propesed—spectralindices—defined—as—theratios—of

The ratios of CDOM absorption coefficients at 250 to 365nm, acpom(250)/acpom(365)

(called E2:Ez) and at 450 to 650 nm, acpom(450)/acpom(650), (called E4:Es) are used to
track changes in the relative size and the aromaticy of CDOM molecules: (De Haan and De
Boer, 1987; Peuravuori and Pihlaja, 1997; Chin et al. 1994¢itation-that-give definition).;

briefly-w\When a molecular size and aromaticy increase, the values of the ratios E»:Ez and

10
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E4:Es decrease. This is caused by the stronger absorption at the longer wavelengths occurring
due to the presence of larger and higher molecular weighted (HMW) CDOM molecules (Be

aan-and-De-Boer-1987; Peuravouri-and-Pihlaja,1997; Chin-et-al-1994:;-Helms et al., 2008,

Summers et al., 1987). However;In optically clear in-many-natural waters the absorption at
664 nm is often little or immeasurable and then the absorption at 254 nm (or 280 nm) is used
in lieu of the E4:Eg ratio as an indicator of humification or aromaticy -(Summers et al., 1987).

The spectral slope coefficient, S, of the absorption spectra, calculated in various spectral
windows-range -(Carder et al., 1989; Blough and Green, 1995) is-may be considered as used

as-a proxy for CDOM composition, including the ratio of fulvic to humic acids and molecular
weight (Stedmon and Markager, 2003; Bracchini at al., 2006). The use of S in the narrow
spectral range allows to reveal subtle differences in the shape of the spectrum and this in
turn gives insight into the origin of organic matter (Sarpal et al., 1995). Therefore-to-caleulate

estuarine-coastal-and-epen-sea)-The use of narrow wavelength intervals is advantageous as

they minimize variations in S caused by dilution (Brown, 1977). The ratio of the spectral

slope coefficients (Sz7s-205 and Ssso-400), Sr, is related-correlated with to-DOM molecular
weight (MW) and to photochemicaly induced shifts in MW thatcensistenthy-increased-upon

The spectral slope ratio,

Sr, was calculated as spectral slopes coefficient ratio estimated by linear fitting of log

transformed absorption spectra in the spectral ranges While-the-slope-coefficients—in-the

ranges-275-295 nm, (Sz7s-205), and 350-400, (Ssso-400).—arefitted-Hnearly-in-two-Rarrower
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et al., (2008). H-washas reported that the photochemical degradation of terrestrial DOM
generalhycausesanlead to increase in the absolute value of the spectral slope coefficientratio.

2.3.2 Fluorescence indices, D

Analysis of 3B—EEM fluorescence spectra of marine waters are based on
interpretation of distinct fluorescence intensity peaks proposed first-time-by Coble (1996;
Loiselle et al., 2009 ) for different types fluorophores found in ef-natural waters, where peak
A (ex./em. XXX250/%%%437 nm) was attributed to is-theterrestrial humic substances; peak;
C (ex./em. X2¢310/>46x¢429 nm) represented the-terrestrial fulvic substances; -peak; M
(ex./em. XXx300/>%%¢387 nm) characterized the-marine fulvic substances; and peak and-T
(fex.Jem. XOOX270/X%x%349 nm) the—represented proteinaceous peaksubstances. Fhe

are-caleulated—The-Ffluorescence intensities of the main FDOM components: A, C, M and

T (in Raman units, [R.U.]) are-were used as a proxy of FDOM concentration. A percentile

contribution of the main FDOM fluorophores, calculated as the ratio of the respective peak
intensity (A, C, M or T) to the sum (A+C+M+T) of all peak intensities, gaveives information
about the relative changes of a fluorophore composition in a sample (Kowalczuk et al., 2005;
Drozdowska and Jozefowicz, 2015). AnetherfFluorescence indices-areintensities the-ratio
(M+T)/(A+C) (Parlanti-etal.,-2000)-and-HEX-index. The ratio (M+T)/(A+C)- Drozdowska
et-al—2013)-alloweds to assessing a-relative contribution of recently in-situ produced
dissolved the-organic matter-recenthyproduced, in-sitd, (M+T) in-the-sea-to-meoleculesto
humic substance characterized by highly complex HMW structures (A+C) )_(Parlanti et al.
2000; Drozdowska et al., 20135). +~the—Values of (M+T)/(A+C) ratio > 1 indicated the
predominant amount of autochthonous DOM molecules, while < 0.6 indicated the
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allochthonous ones. HIX index is calculated as a ratio of fluorescence intensity at a teng
wavelengthblue part electromagnetic radiation spectrum (435-480) ef-the—fluorescence
speetrum-(induced in-255am) to a fluorescence intensity at the UV-C shert-part wavelength
band-(330-346 nm), excited at 255 nm (Chen-etal;-20141:-Zsolnay et al., 1999;-Milori-etak;
2002). HIX index reflecteds the structural changes that eeceuroccurred in—theduring

humification process of-humification, causing an-the increase #n-of both aromaticy (the ratio

C/H) and molecular weight of DOM molecules. The-apphied-indices-enable-to-evaluatea

Fhus-the-appliedCalculated spectral indices allowed you to assess whether-DOM structural

and compositional changes, and quantification of the-the allochthonous (terrestrial, aromatic

and highly weighted molecules) e+vs. autochthonous (marine humic-like and protein-like
and low molecular weighted ones) DOM fractions in the sampled transect.erganic-ratter

3 Results <

Buring-The SML and SS Ssampling, irduring two research cruises, at April in 2015+
and September in 2016, was conducted in calm sea - the wind speed was almost equally to
zero. Hewever—iln October in 2015, -fresh, a-northern-western wind was recorded (3-4 B).

IaThis cruise Oectober theeruisestarted after a week-long storm of northerly winds
resultingthat caused increase of sea level at the southern part of the Gulf of Gdansk and
periodically stopped the Vistula River. -in-the-influx-of water from-the open-sea-and-strong
mixing-of fresh-with-coastal and-sea-water-As the consequence, measured salinity along
entire transect W was > 7, and Fhat-alows-the explanation-of the-surprisingly-values of

CDOM absorgtlon and FDOM intensities were w
even at the vicinity of the

Vistula River mouth. -ofthe- Vistula-River.

3.1; Absorption analysis «
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CDOM absorption decreases with increased salinity (Kowalczuk, 1999, Kowalczuk et al.,
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tabelki i rysunku, ktory pokazuje aCDOM(254). Po co to
piszesz
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2006; Drozdowska and Kowalczuk, 1999), therefore as expected CDOM absorption spectra

measured at the nearest-shore station W1, waree higher than compared to those measured in

outermost station W9 in the Gdansk Deep, as shown on Figure; 2. presents-the-abserption [sformatowano: Czcionka: 12 pkt
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Figure 2. Absorption spectra - collected during three Baltic cruises at 28" April,

2015 (red lines), 15-16™ October, 2015 (grey) and 11 September 2016
(green) - for W1 (solid lines) and W9 (dash lines) stations — presented in
linear scale (top panels: a, b). Natural log-transformed absorption spectra
with best-fit regression lines for two regions (275-295 nm and 350-400

nm) (bottom panels: c, d).

from-U\to-visible-light-The values of the absorption coefficient, acoom()) are the highest
in the station W1, located in the vicinity of a river outlet, and the lowest in W9, in the open

sea. Moreover, the intensity of light absorption is higher in the SML than in SS because of

the enrichment effect of the surface layer (Williams et al., 1986; Cunliffe at al., 2009), while

with an increase of a distance from the river outlet, the intensity of light absorption is
decreasing significantly and the differences between, the SML and SS becomesmaterand

smakerdecrease, (the calculations published in open discussion), Furthermore, the slope ratio
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Sr-, as a ratio of spectral slope coefficients in two spectral ranges of the absorption spectra,
Sa75-205 and Saso-400, Was calculated. The sections of the absorption curves, marked in the
appropriate narrow spectral ranges and, corresponded to them, the values of Sr are presented
in Fig. 2 (c and d) and Table 1, respectively.

Table 1. Results of a slope ratio, Sg, for SML and SS, at W1 and W9 stations.

A slope ratio — Sg (= 52757295/83507400)
Sg - for SS Sk - for SML
28 Apriliv: 1516 1w 28 Apriliv 1516 1w
" Apri " Apri
Octoberx Septemberbx Octoberx Septemberbx
2015 2015
2015 2016 2015 2016
W1 1.58 1.16 1.61 1.43 1.10 1.35
W9 1.30 1.33 1.40 1.34 1.35 1.45

The values of Sr obtained in three cruises at W1 station (near the Vistula River outlet) were:
1.58,1.16 and 1.61 for SS and 1.43, 1.10 and 1.35 for SML, respectively. While at W9 (open
sea) were: 1.30, 1.33 and 1.40 for SS and 1.34, 1.35 and 1.45 for SML, respectively. Hereof,
the slope ratio, Sg, was higher in SML than in SS in the open sea (W9), while it was opposite
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in a region around the Vistula river mouth (W1). However in /4-W9 (the open sea) the

differences were 3.1 %, 1.5 % and 3.5 %, while in W9W1: 10.5 %, 5.4 % and 11.9 %. The
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higher values of Sg in the SML in the open sea waters, mean the smaller size of CDOM that

may exist due to a photodegradation process (Helmes et al., 2008). While the lower values

of Sg in the SML in the vicinity of the river outlet may mean the forming of the surface

structures from the hydrophobic molecules coming with freshwater.

Next, another absorption indices that describe the changes of molecular size/weight (the
E»:E3 ratio) and chemical composition of organic matter (a spectral slope coefficient, S),
were calculated. The results of E2:E3 and S and Sk in a relation to salinity are presented on
Fig. 3. The satisfying correlation between salinity and (i) the spectral slope coefficient, S
(r?=0.84 for SS and r?=0.67 for SML), (ii) the slope ratio Sr (r>=0.58 for SS and SML) and
(i) relative changes in the molecular weight MW (r?=0.94 for SS and r?=0.57 for SML)

were received. The calculations were performed by Regression Statistics, with the

Confidence interval 95 %. Moreover, the linear regression coefficients for the relations
between salinity and: S, Sk and MW are, respectively 0.00439, 0.13 and 3.029 for SML and

0.00435, 0.11 and 2.293 for SS. As one can see, the linear regression coefficients achieved

higher values for SML than SS, so the processes go faster in SML than in SS.
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Fig. 3. The relationship between salinity and: (a) the spectral slope coefficient,

[Furthermore, the values of S, Sr and MW are 2-, 0.5- and 3-times higher, respectively, in a

S, measured in the 300-600nm, (b) the slope ratio Sr = S275.295 / S350-400,
and (c) the relative changes in the molecular weight, MW (Ez: Es) for SS;

and: (d), (e) and (f) for SML, respectively.

vicinity of the river outlet than in open sea.

3.2 Fluorescence analysis
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The studies on the fluorescence properties of seawater, focused on the surface layer, were

developed in the Baltic Sea for years (Ferrari and Dowell, 1998; Drozdowska and

Kowalczuk, 2009; Drozdowska, 2007a,b) and allowed for complex analysis of the natural

components of the Baltic water (Kowalczuk et al., 2005; Stedmon et al., 2003). Based on the

analysis of 54 EEM spectra of seawater (27 samples for SML and 27 ones for SS) the
intensities of four emission bands (in [R.U.]), belonging to the main components (A, C, M

and T) of the marine CDOM were calculated. The Fig. 4 presents the 3D EEM spectra,
typical for the open sea water (the most salty) , W9, and estuarine waters (the most fresh),
W1, for the samples collected from SML and SS.

19

[Sformatowano: Czcionka: 12 pkt

[Sformatowano: Czcionka: 12 pkt

[Sformatowano: Czcionka: 12 pkt




500 500 [Sfcrmatowano: Czcionka: 10 pkt

intensity, RU

W1 - SS
450 NP April, 2015 ¥
£ 400 400
=
£ 350 350
o
=
< 300 f 300
> '
T
g 250 i ¥y _ 250
S fluorescence intensity, RU
2 W9 - SML
£ 450 450
.g April, 2015
o 400 400
350 350
300 300
250 - ; 250
300 350 400 450 500 550 300 350 400 450 500 550 600
470 . emission wavelength, nm
500 500
W1 - SML
450 = W1 -SS Wt
April15 . April15
T 400 400
=
= 350 350
=,
9 300 300
(]
> ot
8 50 B R e 250
c fiuorescence |intensity, [R.U.]
S W9 - SML W9 - SS
& 450 | 450
% April'15 . April'15
& 400 400
350 350
300 300
250 : LS 50
300 350 400 450 500 550 300 350 400 450 500 550 600
471 emission wavelength, [nm]
472 Figure 4. Examples of 3D fluorescence spectra (EEM) of the samples collected - [Sformatowano: Czcionka: 12 pkt, Nie Pogrubienie
473 at stations W1, near the Vistula River outlet (top panels) and W9, Gdansk Sformatowano: Wciecie: Z lewej: 1 cm, Wysuniecie:
. 1.25 cm, Z prawej: 1 cm, Interlinia: 1.5 wiersza
474 Deep (bottom panels), 28 April 2015.
475  The relationships between the fluorescence intensities of the main fluorescence bands (proxy [Sfcrmatowano: Czcionka: 12 pkt

476  of FDOM components concentration) and salinity as well as the relative contribution of the
477  fluorescent components and salinity are demonstrated in Fig. 5 and 6. The changes of the

478  FDOM peak intensities and their relative contributions (composition of FDOM components)
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in EEM were quantify by calculating the median and its percentile distribution of both the
fluorescence intensities and the relative contributions of FDOM components, for the SML
and SS in two water masses. Table 2 contains the median values of (i) fluorescence
intensities (R.U.) and (ii) percentage contribution (%) of respective peaks in the SML and
SS in two distinct water masses: one characterized by salinity <7, which is influenced by
direct fresh water discharge from Vistula River and the other characterized by salinity >7,
which is typical for open Baltic Sea waters. The ANOVA test was applied to the mentioned

median values for two cases: when the differentiation factor was (i) salinity regime and (ii)

the sampling layer. The salinity was a good factor to differentiate the variances of the median

values, while the sampling layer not. However, in spite of the p-values indicate no statistical

significance, one can see on the graphs and Table 2 that the values for the SML are always

higher than for the SS. Hence, the distinquish between the results for the SML and SS exist.

What is more, the differentiation factor is the level of sampling.,

The fluorescence intensities of the main FDOM components referred to salinity demonstrate
the constant linear relationships both in SS and SML (Fig. 5, upper and lower graphs,

respectively). The linear regression coefficients were calculated by Regression test in Sigma

Plot, with _the Confident interval 95%, The linear coefficients in SML and SS, for every

FDOM component, are: -1.43 and -1.02 for a component A; -0.84 and -0.65 for a component
C; -0.56 and -0.43 for a component M; -0.32 and -0.3 a component T, respectively. Hence,

the regression coefficients are higher in SML than in SS.
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503 the samples from the sub-surface water (SS; top panels) and the sea
504 surface microlayer (SML; bottom panels).
505
506  Table 2. Medians of FI” and PC™ of FDOM components for coastal zone™ and open sea ( Sformatowano: Czcionka: 12 pkt
507  waters™™"
Salinity < 7 Salinity > 7
FDOM components A C M T
A c M T
exc./ em. (nm/nm) 250/437 | 310/429 | 300/387 | 270/349
fluorescence SML | 2.69 2.27 1.74 0.98 156 | 084 | 0.85 | 0.69
intensity, | &
RU 5 Ss 231 1.27 1.12 0.86 150 | 0.77 | 0.76 | 0.63
U. £
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526

percentile SML | 40.72 24.32 20.01 14.06 | 39.08 | 22.43 | 20.53 | 16.89
contribution,
%

median

SS 41.52 22.87 19.92 1440 | 40.75 | 22.17 | 20.90 | 16.27

*FI - a fluorescence intensity; “PC - a percentage contribution; ™typical for salinity < 7;

Fkkok,

typical for salinity > 7.

The percentile statistical distribution of fluorescence peak intensities in the SML and SS
layer in two water masses characterized by salinity threshold less thatn, 7 and higher than 7,
have been presented in Fig. 6a and Fig.6b, respectively. The box-whisker plots in Fig. 6
present median values (solid line), 25th and 75th percentiles (the boundaries of the box:
closest to and farthest from zero, respectively) and 5th and 95th percentiles (whiskers below
and above the box, respectively) of the respective fluorescence intensity. There has been a
clear spatial pattern (for the coastal zone and open sea) shown on both figures that the higher
median values of -A, C, M and T were observed in the SML than in SS. For salinity <7, the
median of fluorescence intensities of main FDOM components in SML were: 2.69, 2.27,
1.74 and 0.98 R.U., while in SS: 2.31, 1.27, 1.12 and 0.86 R.U. In open waters (salinity >7)
the median of fluorescence intensities of the FDOM components were in SML: 1.56, 0.84,
0.85 and 0.69 R.U., while in SS: 1.5, 0.77, 0.76 and 0.63 R.U. The median values of
respective peaks intensities are higher in SML than in SS both in coastal zone (salinity <7)
and in open sea (salinity >7). Additionally, the boundaries of the boxes show much greater
dispersion of the results in SML than in SS and greater variation in coastal zone (salinity <7)

than in open sea (salinity >7).
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Figure 6. Dependence of the fluorescence intensity of the main FDOM
components in SML and SS as the box plots for (a) coastal water (salinity
<7) and (b) open sea (salinity >7).

.The Fig. 7 shows the percentage contribution of the individual FDOM peaks calculated as
the ratio of its fluorescence intensity to the sum of the all fluorescence peak intensities (e.g.
A/(A+C+M+T)) for SS and SML samples (a left and a right graph, respectively). The box-
whisker plots in Fig. 7 present median values (solid line), 25th and 75th percentile (the
boundaries of the box: closest to and farthest from zero, respectively) and 5th and 95th
percentiles (whiskers below and above the box, respectively) of the respective percentage

contribution (a relative composition of fluorescing components of CDOM).

24

{Sformatowano: Czcionka: 10 pkt

‘ Sformatowano: Czcionka: 12 pkt, Nie Pogrubienie

)

Sformatowano: Wciecie: Z lewej: 1 cm, Wysuniecie:
1.25 cm, Z prawej: 1 cm, Interlinia: 1.5 wiersza

‘\Sformatowano: Czcionka: 12 pkt




a) b) {Sformatowano: Czcionka: 10 pkt
® — <7 ®
§ 40 == = 7 % 0 5
2 E
£ 30 % 30 £
Q Q
o (5]
2 2 % = & 0 2
8 | ss & || smL 3
219 e
539 i A T A C
— a) b) =
=X S
= == <7 =
5 4 = = >7 % 40 §
3 H
= 3 %% 0 £
[e] o
(8] (8]
S 20 . == é; 20 $
8 s 8
@ SS SML S
2 10 10 ©
[0} [}
= A T A c 2
540 FDOM components
541 FPOM-compenents ‘ Sformatowano: Kolor czcionki: Automatyczny
542 Figure. 7. Dependence of percentage contribution of the main FDOM - | sformatowano: Czcionka: 12 pkt, Nie Pogrubienie
543 components as the box plots for (a) the sub-surface water, SS and (b) the Sformatowano: Wciecie: Z lewej: 1 cm, Wysuniecie:
i o 1.25 cm, Z prawej: 1 cm, Interlinia: 1.5 wiersza
544 sea surface microlayer, SML; for the coastal waters (salinity <7) and
545 open sea (salinity >7).
546  For salinity <7, the medians of percentage contribution of A, C, M and T components of | Sformatowano: Czcionka: 12 pkt
547  marine FDOM in SML were: 40.72%, 24.32%, 20.01% and 14.06 % while in SS: 41.52%,
548  22.87, 19.92 and 14.40 %, respectively. In open waters (salinity >7) the median values of
549  FDOM components composition were in SML 39.08, 22.43, 20.53 and 16.89 % while in SS:
550  40.75, 22.17, 20.90 and 16.27 %. So, the contribution of two terrestrial components (A and
551 C) decreased with increasing salinity (~1.64% and ~1.89 % in SML and ~0.78% and
552 ~0.71% in SS, respectively), while the contribution of, in-situ, in the sea produced
553  components (M and T) increased with salinity (~0.52% and ~2.83% in SML and ~0.98%
554 and ~1.87 % in SS, respectively), Fig. 7. Considering the aforementioned changes for an
555 individual component in relation to its percentage contribution, the values of their relative
556  changes can be calculated. Hereby, the piggest-highest relative changes of the FDOM ‘,Sformatowano: Czcionka: 12 pkt, Nie Wyréznienie
557  component composition, along the transect from the Vistula River outlet to Gdansk Deep, Sformatowano: Czcionka: 12 pkt, Kolor czcionki:
A Automatyczny
558  were recorded for component T, both in SML and SS (about 18.5 % and ~12.3 %,
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respectively), while the relative changes of A, C and M components were: 4.1, 8.1and 2.6 %
in SML and 1.9, 3.1 and 4.7 % in SS, respectively.

The values of peak intensities (A, C, M and T) allowed to calculate (i) the ratio
(M+T)/(A+C) and (ii) index HIX in SML and SS water, presented on Fig. 8.

a) b)
16
14 { HIX= -16.4*(M+T)(A+CH18.9) | HIX= -33.0(M+T)H{A+C)+28.2
r?=078 r’=078/ q4
121 &, SML . ss
Y N \F 12
7 T
% 8 A IV,2015 i 10
X, 2015 5
6 @ [X,2016 By D a 8
N .
4 6

4 5 8 7 8 9 45 50 55 60 65 .70
ratio (M+T)/(A+C) ratioc (MH+T)/(A+C)
Figure 8. The relationship between the ratio (M+T)/(A+C) and HIX index for (a)
SML and (b) SS water.,

The low values of the ratio (M + T)/(A + C), (<~0.6), were recorded in almost all samples
from a sub-surface layer, SS, while in SML samples only from the Gulf of Gdansk. The
results of the ratio varied along the transect W in the range 0.47 to 0.79 for SML and 0.49 to
0.63 for SS, from W1 to W9 respectively. Thus, the ratio describes the process that occurs
more effectively in SML. The results of the index HIX achieved the higher values in the SS
than in SML. What is more, the HIX index changed in SML in a range: 5.8 — 11.9 while in
SS: 6.9 — 13.2. The elevated values of HIX in the SS indicate a presence of the molecules of
higher molecular weight and more condensed, with higher aromaticy, than in SML,
Fig. 8.

3.3 The absorption and fluorescence dependences.,

The absorption and fluorescence results allow comparing the spectral slope ratio, Sr, with
the HIX index and the ratio E2:Es to find the dependences of the molecular size/weight in
SML and SS with condensation degree of organic molecules and with the changes in
chemical composition of organic matter, Fig. 9

dahia ; Zhang et al., 2013), High values of HIX index 81

coincide with low values of Sr;-, ca. 1-1.2 (Zsolnay et al., 1999; B

citation), While Sz7s.205 < Ssso400 means the occurrence and predominance of highly
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condensed matter, as a dominance of —and/or terrestrial DOM, with HMW molecules

absorbing in a long wavelength range_(Helms et al., 2008; Chen et al., 2011). Whereas, the

lower HIX and higher Sr values (S275.205 > Sas0-400) mean the predominance of marine-
derived, LMW molecules absorbing in a short wavelength range (citationChen et al. 2011),
The relation between HIX index and Sr show a simple linear relation in sub-surface waters,
SS. However in the sea surface microlayer, SML, the changes in organic matter composition,
Sr, are not linear-related with the changes taking place in DOM molecules undergoing the
degradation processes reflected by HIX values. HIX index is sensitive to the humification
and condensation processes, focused on large, high weighted organic molecules, that reflect
the changes in a long-wavelength range mainly (above 330 nm). However the photochemical
degradation processes, resulting in a decrease in the mass of molecules and an increase of
concentration of low molecular-weighted molecules, are much more spectacular in a shorter,
Jower wavelength range and are held primarily in the surface microlayer, SML
. For the same reason as was mentioned above, the relation
between the ratio E2:Es and Sr is better correlated in SML than SS water
;). Moreover, the relation between the E;:E3 and Sr (both inversely proportional to
molecular size and weight) shows more discrete differences in molecular structure of the
organic molecules studied in different seasons and allows to note the different nature of the

water tested in October’2015 (Helmes et al., 2008), The values of the ratio Ez:Ez (inversely

proportional to molecular size and weight of molecules), calculated for the data collected in
October’2015, point to the extremely small size as well as almost the same size/weight of
organic molecules investigated in the entirely study region both in SML and SS (Dee

. That confirms a very well mixed water and the

surface layer in the study area during October’15, suggested previously by the

meteorological observations.
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A- Discussion {Sformatowano: Czcionka: 12 pkt ]
The values of the absorption coefficient, acoom(X) show that with an increase of a distance, [Sformatowano: Czcionka: 12 pkt J
from the river outlet, the intensity of light absorption (a proxy of amount of organic matter) | Sformatowano: Czcionka: 12 pkt )
is decreasing significantly, both in SML and SS (Tilstone et al., 2010; Stedmon et al., 2000;
615  Twardowski and Donaghay, 2001; Kowalczuk et al, 1999). It shows that the main source of [sformatowano: Czcionka: 12 pkt ]
CDOM in the study area is the Vistula River (Ferrari and Dowell, 1998; Kowalczuk et al.,
2005), Additionally, the differences-between-thehigher, absorption-values f of the absorption [sformatowano: Czcionka: 12 pkt ]
were detected gr-in the, SML and-then in SS-, what is called the enrichment effect, that was [Sformatowano: Czcionka: 12 pkt J
studied for diverse range of microlayer components in different aquatic systems (Carlson, [Sf°rmat°‘"a"°’ Czcionka: 12 pkt ]
. . [Sformatowano: Czcionka: 12 pkt ]
620  19832: Williams et al., 1986; Wurl et al., 2009). Moreover, the differences between the
[Sformatowano: Czcionka: 12 pkt ]
values of the absorption coefficients calculated for the SML and SS decrease with the [Sf - -
‘ormatowano: Czcionka: 12 pkt J
increase of salinity, that was reported as the effect of conversion POM to DOM, enhanced
in the SML, by extracellular enzyme activity and export of DOM formed in the SML to
subsurface layers (Kuznetsowa and Lee; 2001; Wurl et al., 2009) become—smaterand [sformatowano; Czcionka: 12 pkt ]
625  smaller-The analysis of several absorption indices (S, Sr and E2:E3) 2y reveal the changes
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in composition and a decrease in molecular weight of organic matter with an increase of
salinity and a distance from the mouth of the river (Helmes at al., 2008), Molecules brought

into the sea with the river waters, with increasing salinity (and time and the distance from
the mouth of the river) undergo such processes as the dilution of the fresh waters in sea
waters and the degradation of the organic particles, induced by solar radiation (photo-
bleaching) and by bacterial activity (biodegradation) (Moran et al., 2000;

). The increase of S and Sg and E»:Ez (a proxy of a decrease of molecular weight,
MW) with salinity suggest a transfer of colored material from HMW fraction to the LMW
fraction_(Helmes et al., 2008). Moreover, the linear regression coefficients for the relations

between salinity and: S, Sr and Ez:Es achieved higher values for SML than SS

(citation ). The values of the linear regression coefficients can illustrate a
rate of the breakdown of large molecules to smaller ones (HMW to LMW) (

: Helmes et al., 2008), They achieve the higher values in SML

than in SS, thus show that in SML the

thanin SS . Furthermore, the values of S, Sr and MW, are smaller in a vicinity

A TeatioT,

4

of the river outlet about 2-, 0.5- and 3-times, respectively, than in open sea depict a presence
of higher molecular weighted molecules in the estuarine waters, both in SML and SS
. Hence, the higher values of Sr indicate an increase of absorption in a short
wavelength range (via an increase in concentration of low-weighted molecules, LWM) and
a decrease of absorption in a longer wavelength range (a decrease in the concentration of big
and more condensed and high-weighted molecules, HWM) _( kl
). However, in a vicinity of the river mouth
(W1), the studied absorption indices reached the lower values in SML than in SS. It suggests
that the molecules with large molecular mass predominate in a surface microlayer. Such
results may be caused by the presence of the surface slicks, visible by a naked eye, made of
big surface molecular structures . A riverine water brings into the sea a huge amount
of the terrestrial amphiphilic (the molecules with hydrophobic and hydrophilic heads)
organic molecules that form the surface slicks and despite the large weight of the surface
molecular structures their hydrophobic properties make them float on the sea surface
(Cunliffe et al., 2011),

The spectrofluorometric studies complete and confirm the absorption studies. Wherein the
concentration of components A, C, M and T were higher in SML than in SS in both coastal
zone and open sea; the contribution of A and C components in FDOM composition

decreased, while M and T increased, with an increase of salinity (
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). Moreover, the values of the fluorescence intensity of FDOM
components change linearly with salinity and the linear regression coefficients show higher
values in SML than in SS ( ). This may
confirm a higher rate of the degradation processes occurring in SML. The relative changes
of percentage contribution of FDOM components, with an increase of salinity, depict that a

component which quantity varies the most, is a fluorophore T . It may indicate on

production of protein-like fluorophores caused by photobleaching and biological activity
( ). Additionally the results of the FDOM
measurements indicate that FDOM concentration is about 2-3 times higher in the coastal
zone (salinity <7) than in the open sea (> 7). The results of FDOM concentration indicate
the dominance of terrestrial molecules (allochthonous) in estuarine waters - due to high
concentration of molecules brought by a river (A and C). The ratio (M+T)/(A+C) increased
with salinity and reached the highest values in the open sea: 0.79 and 0.63 in SML and SS,
respectively_ (

), Photo-degradation effect, induced by solar radiation on the molecules in a sea
surface layer, results in degradation of macromolecules into particles with a lower molecular
weight (i.e., a decrease of A and C and the increase the amount of molecules of lower
molecular weight produced in the sea (M and T) and this process acts more rapidly in SML,
(Fig. 8).( ). The above conclusion is confirmed by the results of
the ratio (M+T)/(A+C) and HIX index, which achieve respective higher and lower values in
the SML than in SS due to higher fluorescence intensity at a short wavelength band
belonging to marine FDOM components (M and T) (

53; Myu 0810 ) The elevated values
of HIX in the SS are an evidence of a more advance humification process of the organic

molecules that make the organic molecules more condensed and with higher aromaticy

(citation )

5. Conclusions

The results of the studies on the absorption and fluorescence properties of the organic matter
included in the SML and SS waters are complementary. The values of the absorption
coefficients as well as the fluorescence intensity give information about the decline in the
CDOM/FDOM concentration with increasing salinity, both in SS and SML, however the

values of the absorption and fluorescence indices indicate on the enrichment effect in in the
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surface_microlayer, What-is—more-Moreover, a decreasing of DOM concentration with

salinity occurs faster in SML than in SS. Analysis of absorption and fluorescence spectra
allow the detection of subtle changes in the percentage composition of CDOM/FDOM
components that revealed an increase of M and T (produced in-situ, in the sea) and a
simultaneous decrease in A and C (terrestrial origin) with increasing salinity. Moreover the
changes of the dependence of a percentage composition and salinity occur in SML more
rapidly than in SS. The results suggest a higher rate of degradation processes in a surface
microlayer (Drozdowska et al., 2015; Timko et al., 2015).

In addition, the analysis of indices obtained from the values of the intensity of the absorption
and fluorescence of the samples enabled tracking sources and processes, which have been
subjected to investigated molecules, in SML and SS. The authors: (i) confirm that the
processes of structural changes in molecules of HMW to LMW, due to effects of photo- and

biodegradation, occur faster in SML than in SS (Helmes et al., 2008); (ii) organic molecules

contained in a surface microlayer, SML, have a smaller molecular mass than SS, thus, SML
and SS are characterized by different percentage distributions of the main FDOM
components (Helmes et al., 2008; Engel et al., 2017; (iii) the fresh water of the Vistula River

is the main driving force of allochthonous character of organic matter in coastal waters of
Gulf of Gdansk.

Summarizing, the distributions of light intensity reached over or behind the sea surface is
modified effectively by the specific absorption and/or emission of a light by surfactants. The
degradation processes of the organic molecules contained in SML and SS proceed at
different rates. Hence, the DOM molecules included in the SML can specifically modify the
physical processes associated with the sea surface layer. It should be necessary to continue
a study on the physical properties of surface microlayer in other Baltic Sea sites and in less

urbanized and more natural and pristine region, like Arctic.

Acknowledgment

The work described in this paper was supported by a grant of ESA (European Space Agency)
OCEAN FLUX, No 502-D14IN010. We also acknowledge the support by the funds of the
Leading National Research Centre (KNOW) received by the Centre for Polar Studies for the
period 2014-2018.

References

31

‘ Sformatowano: Czcionka: 12 pkt

‘\Sformatowano: Czcionka: 12 pkt,

, Nie Wyrodznienie

‘ Sformatowano: Czcionka: 12 pkt

‘ Sformatowano: Czcionka: 12 pkt

‘\Sformatowano: Czcionka: 12 pkt

‘ Sformatowano: Czcionka: 12 pkt

‘\Sformatowano: Czcionka: 12 pkt

‘\Sformatowano: Czcionka: 12 pkt

Sformatowano: Czcionka: 12 pkt



725

730

735

740

745

750

755

Andrade-Eiroa, A., M. Canle, and V. Cerda, 2013, Environmental applications of excitation-

emission spectrofluorimetry: An in-depth Review Il, Appl. Spectrosc. Rev., 48(2), 77-141,

Blough N.V., S.A. Green, 1995, Spectroscopic characterization and remote sensing of

nonliving organic matter. p. 23— 45 In R. G. Zepp and C. Sonntag [eds.], Role of nonliving

organic matter in the earth’s carbon cycle. Wiley.

Blough, N.V., Del Vecchio, R., 2002. Chromophoric DOM in the coastal environment. In:

Hansell, D., Carlson, C. (Eds.), Biogeochemistry of Marine Dissolved Organic Matter.
Academic, Press, New York, pp. 509-546.
Boehme J., M. Wells, 2006, Fluorescence variability of marine and terrestrial colloids:

Examining size fractions of chromophoric dissolved organic matter in the Damariscotta
River estuary. Mar. Chem. 101: 95-103.

Bracchini L., A.M. Dattilo, ,S.A. Loiselle, A. Cozar, A. Tognazzi, N. Azza, C. Rossi, 2006,
The role of wetlands in the chromophoric dissolved organic matter release and its relation to

aquatic ecosystems optical properties. A case of study: Katonga and Bunjako Bays (Lake
Victoria, Uganda). Chemosphere 63: 1170-1178.

Brown M, 1977, Transmission spectroscopy examinations of natural waters, Estuar. Coast.
Mar. Sci. 5: 309-317.

Carder K.L., R.G. Steward, G.R. Harvey, P.B. Ortner, 1989, Marine humic and fulvic acids:
Their effects on remote sensing of ocean chlorophyll. Limnol. Oceanogr. 34: 68-81.

Carlucci, A. F., D.B. Craven, S.M. Henrichs, 1985, Surface-film microheterotrophs: amino

acid metabolism and solar radiation effects on their activities. Mar. Biol. 85:13. doi:
10.1007/BF00396410

Carlson D. J., 1982, A field evaluation of plate and screen microlayer sampling techniques,
Mar. Chem., 11, 189-208

Chari N.V.H.K., N.S. Sarma, S.R. Pandi, K.N. Murthy, 2012, Seasonal and spatial
constraints of fluorophores in the midwestern Bay of Bengal by PARAFAC analysis of

excitation emission matrix spectra, Estuarine, Coastal and Shelf Science 100 (2012), 162-
171, DOI: 10.1016/j.ecss.2012.01.012.
Chen H., B. Zheng, J. Song, Y. Qin, 2011, Correlation between molecular absorption

spectral slope ratios and fluorescence humification indices in characterizing CDOM, Aquat
Sci, 73: 103-112, DOI 10.1007/s00027-010-0164-5.

Chin Y. -P., G. Aiken, E.O. Loughlin, 1994, Molecular weight, polydispersity, and
spectroscopic properties of aguatic humic substances, Environ. Sci. Technol. 28, 1853-1858.

32



760

765

770

775

780

785

Coble P., 1996, Characterization of marine and terrestrial DOM in seawater using excitation-

emission matrix spectroscopy, Marine Chem. 51, 325-346.

Coble P., 2007, Marine optical biogeochemistry: the chemistry of ocean color, Chemical
Reviews. 107, 402-418.

Coble P., J. Lead, A. Baker, D. Reynolds, R.G. Spencer, 2014, Aquatic Organic Matter
Fluorescence, Cambridge University Press (2014)

Cosovié B., V. Vojvodié, 1998, Voltammetric Analysis of Surface Active Substances in
Natural Seawater, Electroanal. 10, 429-434.

Cunliffe, M., M. Salter, P.J Mann, A.S. Whiteley, R.C. Upstill-Goddard, J.C. Murrell, 2009,
Dissolved organic carbon and bacterial populations in the gelatinous surface microlayer of
a Norwegian fjord mesocosm. FEMS Microbiol. Lett. 299, 248-254. doi: 10.1111/j.1574-
6968.2009.01751.x

Cunliffe M., R.C. Upstill-Goddard, J.C. Murrell, 2011, Microbiology of aquatic microlayers,
FEMS, Microbiol. Rev. 35, 233-246

Cunliffe M.A., S. Engel, S. Frka, B. Gasparovi¢, C. Guitart, J. C. Murrell, M. Salter, C.
Stolle, R. Upstill-Goddard, O. Wurl, 2013, Sea surface microlayers: A unified

physicochemical and biological perspective of the air—ocean interface, Prog. Oceanogr. 109,
104-116, ), http://dx.doi.org/10.1016/j.pocean.2012.08.0
De Haan H., T. De Boer, 1987, Applicability of light absorbance and fluorescence as

measures of concentration and molecular size of dissolved organic carbon in humic Laken
Tjeukemeer. Water Res. 21: 731-734.

Drozdowska V, P. Kowalczuk, 1999, Response of a lidar-induced fluorescence signal to

yellow substance absorption, Oceanologia 1999, no 41 (4), pp. 601-608

Drozdowska V., Babichenko S., Lisin A., 2002, Natural water fluorescence characteristics

based on the lidar investigations of the water surface layer polluted by an oil film; the Baltic
cruise - May 2000, Oceanologia , no.44(3), pp.339-354.

Drozdowska V., 2007a, The lidar investigation of the upper water layer fluorescence spectra
of the Baltic Sea, Eur Phys J-Spec. Top., 144: 141-145
Drozdowska V., 2007b, Seasonal and spatial variability of surface seawater fluorescence

properties in the Baltic and Nordic Seas: results of lidar experiments, Oceanol. 49(1): 59-69
Drozdowska V., W. Freda, E. Baszanowska, K. Rudz, M. Darecki, J. R. Heldt, H. Toczek,

2013, Spectral properties of natural and oil polluted Baltic seawater — results of

measurements and modeling, Eur. Phys. J. Special Topics 222, 1-14.

33


http://dx.doi.org/10.1016/j.pocean.2012.08.0

790

795

800

805

810

815

820

Drozdowska V., M. Jézefowicz, 2015, Spectroscopic studies of marine surfactants in the
southern Baltic Sea, Oceanol. 57, 159-167 (2015).

Drozdowska V., P. Kowalczuk, M. Jozefowicz, 2015, Spectrofluorometric characteristics of

fluorescent Rapid 10, 15050, doi: 10.2971/je0s.2015.15050.
Engel A., H.W. Bange, M. Cunliffe, S.M. Burrowa, G. Friedeichs, L. Galgani, H Herrmann,
N. Schartau, A. Soloviev, C. Stolle, R.C. Upstill-Goddard, M. van Pinxteren, B Zincker,

2017, The ocean’s vital skin: toward an integrated understanding of the sea surface
microlayer, Front. In Mar. Sci., 4,165, doi: 10.3389/fmars.2017.00165
Ferrari, G.M., M.D. Dowell, 1998, CDOM absorption characteristics with relation to

fluorescence and salinity in coastal areas of the southern Baltic Sea. Estuarine, Coastal and
Shelf Science 47, 91— 105.
Frew N., J.C. Goldman, M.R. Dennett, A S. Johnson, 1990, Impact of Phytoplankton-

generated surfactants on air-sea gas exchange, Journ. Of Geoph. Res., 95 (C3), pp. 3337-
3352
Frew, N. M., L. A. Houghton and W. E. Witzell Jr., 2004, Variability of surface film

distributions in a coastal ocean regime, in 16th Symposium on Boundary Layers and

Turbulence and the Coupled Boundary Layer Air-Sea Transfer Experiment,8.7

http://ams.confex.com/ams/BLTAIRSE/techprogram/ paper 78749.htm.
Fuentes M, G. Gonzalez-Gaitano, J.M. Garcia-Mina, 2006, Theusefulness of UV-visible and

fluorescence spectroscopies to study the chemical nature of humic substances from soils
andcomposts, Org Geochem 37:1949-195

Garrett W. D., 1965, Collection of slick-forming materials from the sea surface, Limnol
Oceanogr. 10, 602-605.

Glatzel S., K. Kalbitz, M. Dalva, T. Moore, 2003, Dissolved organic matter properties and

their relationship to carbon dioxide efflux from restored peat bogs, Geoderm. 113, 397-411.

Guéguen, C., L. Guo, M. Yamamoto-Kawai, N. Tanaka, 2007, Colored dissolved organic

matter dynamics across the shelf/basin interfaces in the western Arctic Ocean. Journal of
Geophysical Research 112, C05038.
Helms J.R., A. Stubbins, J.D. Ritchie, E.C. Minor, D.J. Kieber, K. Mopper, 2008, Absorption

spectral slopes and slope ratios as indicators of molecular weight, source, and

photobleaching of chromophoric dissolved organic matter. Limn Oceanogr 53:955-969.

Hudson N., A. Baker, D. Reynolds, 2007, Fluorescence analysis of dissolved organic matter

in natural, waste and polluted waters—a review, River Research and Appl. 23, 631-649.

34

[Sformatowano: Czcionka: Nie Kursywa



http://dx.doi.org/10.2971/jeos.2015.15050

825

830

835

840

845

850

855

Huguet A., L. Vacher, S. Relexans, S. Saubusse, J.M. Froidefond,E. Parlanti. 2009.

Properties of fluorescent dissolved organic matter in the Gironde Estuary. Org. Geochem.
40: 706-719, doi:10.1016/j.orggeochem.2009.03.002
Ishii S.K.L, T.H. Boyer, 2012, Behavior of reoccurring parafac components in fluorescent

dissolved organic matter in natural and engineered systems: A critical review, Environ. Sci.
Technol., 2012, 46 (4), pp 20062017, DOI: 10.1021/es2043504
Jorgensen, L., C.A. Stedmon, T. Kragh, S. Markager, M. Middelboe, M. Sendergaardv,

2011, Global trends in the fluorescence characteristics and distribution of marine dissolved

organic matter, Marine Chemistry 126, 139e148.
Konik M., Bradtke K., 2016, Object-oriented approach tooil spill detection using ENVISAT

ASAR images. ISPRS Journal of Photogrammetry and Remote Sensing, 118, pp. 37-52

Kowalczuk P., 1999. Seasonal variability of yellow substance absorption in the surface layer
of the Baltic Sea. Journal of Geophysical Research - Oceans, 104(C12), p. 30 047-30 058.
Kowalczuk P., J. Ston-Egiert, W.J. Cooper, R.F. Whitehead, M.J. Durako, 2005,

Characterization of chromophoric dissolved organic matter (CDOM) in the Baltic Sea by

excitation emission matrix fluorescence spectroscopy, Marine Chem. 96, 273--292.
Kowalczuk P., C. A. Stedmon and S. Markager, 2006. Modelling absorption by CDOM in
the Baltic Sea from season, salinity and chlorophyll. Marine Chemistry, 101, 1-11.
Kowalczuk P., M.J. Durako, H. Young, A.E. Kahn, W.J. Cooper, M. Gonsior, 2009,
Characterization of dissolved organic matter fluorescence in the South Atlantic Bight with
use of PARAFAC model: Interannual variability, Marine Chemistry 113 (2009) 182—-196

Kowalczuk, P., M. Zabtocka, S. Sagan, K. Kulinski, 2010, Fluorescence measured in situ as
a proxy of CDOM absorption and DOC concentration in the Baltic Sea. Oceanologia 52,

431-471.
Kuznetsova M, C. Lee, 2001, Enhanced extracellular enzymatic peptide hydrolysis in the

sea-surface microlayer. Mar Chem 73:319-332

Lakowicz J.R., 2006, Principles of fluorescence spectroscopy, third edition. Plenum Press:
New York, 2006.

Leppiranta M., K. Myrberg, 2009, Physical Oceanography of the Baltic Sea Springer-Praxis,

Heidelberg, Germany, 378 p

Liss P.S., R.A. Duce, 2005, The Sea Surface and Global Change, Cambridge University
Press, 2005.

Liss P.S., AJ. Watson, E.J. Bock, B. Jahne, W.E. Asher, N.M. Frew, L. Hasse. G.M.
Korenowski, L. Merlivat, L.F. Phillips, P. Schlussel, D.K. Woolf, 1997, Report Group | —

35



860

865

870

875

880

885

Physical processes in the microlayer and the ait-sea exchange of trace gases. In: The Sea
Surface and Global Change, P.S. Liss, R.A. Duce, Edss., Cambridge University Press, UK,
1-34.

Loiselle S.A., L. Bracchini, A.M. Dattilo, M. Ricci, A. Tognazzi, A.Co’zar, C. Rossi, 2009,
The optical characterization of chromophoric dissolved organic matter using wavelength

distribution of absorption spectral slopes. Limnol Oceanogr 54:590-597.

Maciejewska A., J. Pempkowiak, 2015, DOC and POC in the southern Baltic Sea. Part Il —
Evaluation of factors affecting organic matter concentrations using multivariate statistical
methods, Oceanol., 57, 168-176.

McKnight D.M., R. Harnisch, R.L. Wershaw, J.S. Baron, S. Schiff, 1997, Chemical
characteristics of particulate, colloidal, and dissolved organic matter in Loch Vale
Watershed, Rocky Mountain National Park, Biogeochem. 36, 99-214.

McKhnight, D.M., Boyer, E.W. Westerhoff, P.K., Doran, P.T., Kulbe, T., Andersen, D.T.,

2001. Spectrofluorometric characterization of dissolved organic matter for indication of

precursor of organic material and aromaticity. Limnology and Oceanography 46, 38-48.
Milori D., L. Martin-Neto, C. Bayer, J. Mielniczuk, V. Vagnato, 2002, Humification degree

of soil humic acids determined by fluorescence spectroscopy, Soil Sci. 167, 739-749; DOI:
10.1097/01.ss.0000038066.07412.9c.

Mopper, K., C.A. Schultz, 1993, Fluorescence as a possible tool for studying the nature and

water column distribution of DOC components. Marine Chemistry 41, 229-238.
Moran M.A., W.M. Sheldon, Jr., R.G. Zepp, 2000, Carbon loss and optical property changes

during long-term photochemical and biological degradation of estuarine dissolved organic
matter, Limnol. Oceanogr., 45(6), 1254-1264.

Murphy K.R., K.D. Butler, R.G.M. Spencer, C.A. Stedmon, J.R. Boehme, G.R. Aiken, 2010,
Measurement of Dissolved Organic Matter Fluorescence in Aquatic Environments: An

Interlaboratory Comparison, Environ. Sci. Technol., 44, 9405-9412.
Nelson N.B., Siegel D.A., 2013, The Global Distribution and Dynamics of Chromophoric
Dissolved Organic Matter, Annual Review of Marine Science, Vol. 5:447-476

Nightingale P.D., P.S. Liss, P. Schlosser, 2000, Measurements of air-sea gas transfer during

an open ocean algal bloom, Geophys. Res. Letters, 27 (14), pp.2117-2120

Osburn, M., A. Sessions, J. Spear, 2011, Hydrogen-isotopic variability in fatty acids from

Yellowstone National Park hot spring microbial communities, Geochim. Cosmochim. Acta
75, 4830-4845. doi: 10.1016/j.gca.2011.05.038

36



890

895

900

905

910

915

920

Ostrowska M., Darecki M., Krezel A., Ficek D., Furmanczyk K., 2015, Practical

applicability and preliminary results of the Baltic Environmental Satellite Remote Sensing
System (SatBaltyk), Polish Maritime Research, ISSN 1233-2585, 3(87), 22, 43-49
Parlanti E., K. Worz, L. Geoffroy, M. Lamotte, 2000, Dissolved organic matter fluorescence

spectroscopy as a tool to estimate biological activity in a coastal zone submitted to
anthropogenic inputs, Organic Geochem. 31(12), 1765-1781.
Pastuszak, M., P. Stdlnacke, K. Pawlikowski, and Z. Witek, 2012. Response of Polish rivers

(Vistula, Oder) to reduced pressure from point sources and agriculture during the transition
period (1988-2008). Journal of Marine Systems 94, 157-173.
Pereira R., Schneider-Zapp K., Upstill-Goddard R. C., 2016, Surfactant control of gas

transfer velocity along an offshore coastal transect: results from a laboratory gas exchange
tank, Biogeosciences, 13, 3981-3989, 2016 doi:10.5194/bg-13-3981-2016

Petelski T., P. Markuszewski, P. Makuch, A. Jankowski, A. Rozwadowska, 2014, Studies
of vertical coarse aerosol fluxes in the boundary layer over the Baltic Sea, Oceanol., 56(4),
697-710, doi:10.5697/0c.56-4.697

Peuravouri J., K. Pihlaja, 1997, Molecular size distribution and spectroscopic properties of
aguatic humic substances. Anal. Chim. Acta 337: 133-149.

Sabbaghzadeh B., Upstill-Goddard R.C., Beale R., Pereira R., and Nightingale P.D., 2017,

The Atlantic Ocean surface microlayer from 50°N to 50°S is ubiquitously enriched in

surfactants at  wind speeds up to 13msl, Geophysical Research Letters
10.1002/2017GL 072988
Santos, A.L.,V. Oliveira, L. Baptista, L. Henriques, N.C.M. Gomes, A. Almeida, 2012,

Effects of UV-B radiation on the structural and physiological diversity of bacterioneuston
and bacterioplankton. Appl. Environ.Microbiol. 78, 2066. doi: 10.1128/AEM.06344-11
Sarpal R.S, K. Mopper, D.J. Keiber, 1995, Absorbance properties of dissolved organic

matter in Antarctic sea water, Antarc. J. 30: 139-140.

Soloviev A, R. Lukas, 2006, Near-surface layer of the ocean, Structure, dynamics and

applications, Springer, 2006.

Stedmon C.A.. S. Markager. H. Kaas, 2000, Optical Properties and Signatures of

Chromophoric Dissolved Organic Matter (CDOM) in Danish Coastal Waters, Estuarine,
Coastal and Shelf Science, Volume 51, Issue 2, August 2000, Pages 267-278

Stedmon C.A.,S. Markager, 2003, Tracing the production and degradation of matter by

fluorescence analysis autochthonous fractions of dissolved organic, Limnol. Oceanogr.,
50(5), 2005, 1415-1426

37

[ Sformatowano: Angielski (Stany Zjednoczone)




925

930

935

940

945

950

955

Stedmon C.A., S. Markager, R. Bro, 2003, Tracing dissolved organic matter in aquatic

environments using a new approach to fluorescence spectroscopy. Mar. Chem. 82: 239-254,
DOI:10.1016/S0304-4203(03)00072-0.
Stedmon C.A., R. Bro, 2008, Characterizing dissolved organic matter fluorescence with

parallel factor analysis: a tutorial, Limnol. Oceanogr.: Methods 6, 2008, 572-579
Stedmon, C, N.B. Nelson, 2015, The optical properties of DOM in the ocean. in DA Hansell

and CA Carlson (eds), Biogeochemistry of Marine Dissolved Organic Matter. 2. edn,

Elsevier Science, pp. 481-508.
Summers R.S., P.K. Cornel, P.V. Roberts, 1987, Molecular size distribution and

spectroscopic characterization of humic substances, Sco. Tot. Environ., 62, 27-37.
Tilstone G.H., R.L. Airs, V. Martinez-Vicente, C. Widdicombe, C. Llewellyn, 2010, High

concentrations of mycosporine-like amino acids and colored dissolved organic matter in the

sea surface microlayer off the Iberian Peninsula, Limnol. Oceanogr., 55(5), 1835-1850
Timko S., A. Maydanov, S.L. Pittelli, M.H. Conte, W.J. Cooper; B.P. Koch;, P. Schmitt-
Kopplin, M. Gonsior, 2015, Depth-dependent photodegradation of marine dissolved
oerganic matte, Front. In. Mar. Scie.,2, 66, doi: 10.3389/fmars.2015.00066

Twardowski M.S., P.L. Donaghay, 2001, Separating in situ and terrigenous sources of absorption by

dissolved materials in coastal waters, Journ. of Gephys. Res. 106, No. C2, pp 2545-2560,

UScinowicz S., 2011, Geochemistry of Baltic Sea, Surface sediments, Sci.Eds. S.
Uscinowicz, PIG-PIB, Warsaw, 2011).
Vihitalo A.V., R.G. Wentzel, 2004, Photochemical and microbial decomposition of

chromophoric dissolved organic matter during long (months-years) exposition, Mar. Chem.
89, 313-326

Vaishaya A., S.G.Jennings, C. O’Dowd, 2012, Wind-driven influences on aerosol light
scattering in north-east Atlantic air, Geoh. Res. Let., 39, DOI:10.1029/2011GL050556.
Vodacek, A., N.V. Blough,.M.D. DeGrandpre, E.T. Peltzer, R.K. Nelson, 1997. Seasonal
variation of CDOM and DOC in the Middle Atlantic Bight: terrestrial inputs and

photooxidation, Limnology and Oceanography 42, 674— 686.
Williams P.M., A.F. Carlucci, S.M. Henrichs, E.S. van Vleet, G.G. Horrigan, F.M.H. Reid,

K.J. Robertson, 1986, Chemical and microbiological studies of sea-surface films in the

southern Gulf of California and off the west coast of Baja California. Mar. Chem. 19: 17—
98, doi:10.1016/0304-4203(86)90033-2

38



Williams C.J., Y. Yamashita, H.F. Wilson, R. Jaffe’, M.A. Xenopoulos, 2010, Unraveling

the role of land use and microbial activity in shaping dissolved organic matter characteristics

in stream ecosystems, Limnol. Oceanogr., 55(3), 1159-1171.

Wilson H.F., M.A. Xenopoulos, 2009, Effects of agricultural land use on the composition of

960 fluvial dissolved organic matter, Nature Geoscience 2, 37 - 41
Waurl, O., L. Miller, R. Rottgers, S. Vagle, 2009.: The distribution and fate of surface-active

substances in the sea-surface microlayer and water column, Mar. Chem., 115, 1-9, 2009.

Yamashita Y., R. Jaffé, N. Maie, E. Tanoue, 2008, Assessing the dynamics of dissolved

organic matter (DOM) in coastal environments by excitation emission matrix fluorescence
965  and parallel factor analysis (EEM-PARAFAC), Limnol. Oceanogr., 53(5), 1900-1908
Ylostalo, P., J. Seppild, S. Kaitala, P. Maunula, and S. Simis, 2016. Loadings of dissolved

organic matter and nutrients from the Neva River into the Gulf of Finland — Biogeochemical

composition and spatial distribution within the salinity gradient. Marine Chemistry 186, 58—
71
970 Zhang Y, M.A. van Dijk, M. Liu, G. Zhu, B. Qin, 2009, The contribution of phytoplankton

degradation to chromophoric dissolved organic matter (CDOM) in eutrophic shallow lakes:
Field and experimental evidence. Water Res 43:4685-4697.
Zhang Y., X. Liu, C.L. Osburn, M. Wang, B. Qin, Y. Zhou, 2013, Photobleaching Response

of Different Sources of Chromophoric Dissolved Organic Matter Exposed to Natural Solar
975  Radiation Using Absorption and Excitation—Emission Matrix Spectra, PLOS ONE, 8 (10),
e77515, 1-14.

Zsolnay A., E. Baigar, M. Jimnez, B. Steinweqg, F. Saccomandi, 1999, Differentiating with«—— [sformatowanoz Odstep Przed: 0 pkt, Po: 0 pkt

fluorescence spectroscopy the sources of dissolved organic matter in soils subjected to
drying, Chemosph. 38, 45-50.

980  Zsolnay A., 2003, Dissolved organic matter: artefacts, definitions and functions, Geoderma
113, 187-209

{Sformatowano: Czcionka: 12 pkt

[Sformatowano: Czcionka: 12 pkt, Nie Pogrubienie

[Sformatowano: Czcionka: 12 pkt

985

| Sformatowano: Nie dopasowuj odstepu miedzy
facinskim i azjatyckim tekstem, Nie dopasowuj odstepu
miedzy azjatyckim tekstem i liczbami

39



990

995

1000

1005

1010

1015

1020

40

A

Sformatowano: Wyjustowany, Nie dopasowuj odstepu
miedzy tacinskim i azjatyckim tekstem, Nie dopasowu;j
odstepu miedzy azjatyckim tekstem i liczbami, Desen:
Przezroczysty

{ Sformatowano: Wyjustowany J

[Sformatowano: Czcionka: 12 pkt, Nie Kursywa

Sformatowano: Nie dopasowuj odstepu miedzy
facinskim i azjatyckim tekstem, Nie dopasowuj odstepu
miedzy azjatyckim tekstem i liczbami

)
[Sformatowano: Czcionka: 12 pkt J
]

[Sformatowano: Czcionka: Nie Kursywa

[Sformatowano: Czcionka: 12 pkt, Nie Kursywa ]
[Sformatowano: Czcionka: 12 pkt ]
[Sformatowano: Czcionka: 12 pkt, Nie Kursywa ]
[Sformatowano: Czcionka: 12 pkt ]
[Sformatowano: Czcionka: Nie Kursywa ]
[Sformatowano: Czcionka: 12 pkt, Nie Kursywa ]
[Sformatowano: Czcionka: 12 pkt ]
[Sformatowano: Czcionka: Nie Kursywa J

Sformatowano: Bez podkreslenia, Kolor czcionki:
Automatyczny

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt J

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt }




1025

1030

1035

1040

1045

1050

1055

[Sformatowano: Czcionka: Nie Kursywa }

41

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt J

Sformatowano: Normalny, Nie dopasowuj odstepu
miedzy tacinskim i azjatyckim tekstem, Nie dopasowu;j
odstepu miedzy azjatyckim tekstem i liczbami

Sformatowano: DomysIna czcionka akapitu, Polski,
Desen: Przezroczysty

Sformatowano: Bez podkreslenia, Kolor czcionki:
Automatyczny

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt ]

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt ]

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt ]

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

Sformatowano: Nie dopasowuj odstepu miedzy
facinskim i azjatyckim tekstem, Nie dopasowuj odstepu
miedzy azjatyckim tekstem i liczbami

[Sformatowano: Czcionka: 12 pkt J

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt }

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt }

Sformatowano: Bez podkreslenia, Kolor czcionki:
Automatyczny

Sformatowano: Normalny, Nie dopasowu;j odstepu
miedzy tacinskim i azjatyckim tekstem, Nie dopasowu;j
odstepu miedzy azjatyckim tekstem i liczbami

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt }




1060

1065

1070

1075

1080

1085

“a

42

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt

Sformatowano: Bez podkreslenia, Kolor czcionki:
Automatyczny

Sformatowano: Normalny, Nie dopasowu;j odstepu
miedzy tacinskim i azjatyckim tekstem, Nie dopasowu;j
odstepu miedzy azjatyckim tekstem i liczbami

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt

Sformatowano: Bez podkreslenia, Kolor czcionki:
Automatyczny

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

{Sformatowano: Czcionka: 12 pkt

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt, Bez podkreslenia

Sformatowano: Normalny, Nie dopasowu;j odstepu
miedzy tacinskim i azjatyckim tekstem, Nie dopasowu;j
odstepu miedzy azjatyckim tekstem i liczbami,
Wyréwnanie czcionki: Automatyczne, Desen:
Przezroczysty

{Sformatowano: Czcionka: 12 pkt, Pogrubienie

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

Sformatowano: Nie dopasowuj odstepu miedzy
facinskim i azjatyckim tekstem, Nie dopasowuj odstepu
miedzy azjatyckim tekstem i liczbami

[Sformatowano: Czcionka: 12 pkt

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt




1090

1095

1100

1105

1110

1115

1120

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

Sformatowano: Nie dopasowuj odstepu miedzy
facinskim i azjatyckim tekstem, Nie dopasowuj odstepu
miedzy azjatyckim tekstem i liczbami

[Sformatowano: Czcionka: 12 pkt J

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt }

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny, Polski

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt ]

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt ]

Sformatowano: Bez podkreslenia, Kolor czcionki:
Automatyczny

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

{Sformatowano: Czcionka: 12 pkt J

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

Sformatowano: Nie dopasowu;j odstepu miedzy
facinskim i azjatyckim tekstem, Nie dopasowuj odstepu
miedzy azjatyckim tekstem i liczbami

[Sformatowano: Czcionka: 12 pkt ]

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt J

[Sformatowano: Czcionka: 12 pkt, Bez podkreslenia }

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

43

Sformatowano: Czcionka: 12 pkt

Sformatowano

Sformatowano

Sformatowano

Sformatowano

alalalalalall

[
[
[
[ Sformatowano
[
[
[

Sformatowano




1125

1130

1135

1140

44

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny

[Sformatowano: Czcionka: 12 pkt

Sformatowano: Bez podkreslenia, Kolor czcionki:
Automatyczny

Sformatowano: Normalny, Nie dopasowu;j odstepu
miedzy facinskim i azjatyckim tekstem, Nie dopasowu;j
odstepu miedzy azjatyckim tekstem i liczbami

Sformatowano: Czcionka: 12 pkt, Bez podkreslenia,
Kolor czcionki: Automatyczny
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