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Abstract

Background: The change in the optical parameters of dissolved organic matter (DOM) from natural water samples
of Pirita River in Estonia were studied during 2 years of winter—spring season. At present, the relative quantitative
and qualitative composition of DOM components leached from soils to water, in relation to air and water temperatures
and water level fluctuations, has not been estimated in Estonia. The aim was to characterise and fractionate DOM using
high-performance size-exclusion chromatography with multiple wavelength detection (DAD) and ultraviolet-visible
(UV-vis) spectroscopy. Changes in several chromatographic/molecular and spectroscopic/optical parameters were
investigated.

Results: The experimental data indicated that the optical and molecular properties of DOM depend on the climate
conditions, but the effect can be diverse. In cold climates, the concentration of DOM in river water can be lower (2013)
or higher (2014) than in warmer climate conditions. Optical properties indicate that the quantity of humic substances

optimisation of drinking water process technology.

(HS) is minimal under an ice cover and DOM contains more microbial-derived peptide-like constituents.

Conclusions: The results point out the usefulness of HPLC-SEC and UV-vis spectroscopy for climate change-related
DOM studies in real environmental conditions. Used methods enable detailed monitoring of humic molecules
dissolved from the catchment soil, as well as microbial constituents (peptide-like components of DOM). The used
approach can be additionally applied for monitoring the changes of raw water quality and thus for the design and
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Background

Dissolved organic matter (DOM) forms most of the nat-
urally occurring organic matter in water, and its influ-
ence on aquatic environments is enormous. Despite the
important ecological role, there have been relatively few
investigations on the impact of climate change on DOM
constituents [1-6] and much is still uncertain about the
structure, quality and properties. Organic carbon in soil
and water has a great impact on the global carbon cycle
[7]. Previously, the importance of organic matter was
recognised as a possible indicator of climate change [8].

* Correspondence: viia.lepane@ttu.ee
Department of Chemistry, Tallinn University of Technology, Akadeemia tee
15, 12618 Tallinn, Estonia

@ Springer

A considerable part of soil organic matter can be dis-
solved during the seasonal climate changes because of
the extensive floods and runoff, as well as because of the
significant changes in the air and the water temperatures.
A river with a large catchment area usually receives a
considerable amount of soil-derived (usually named al-
lochthonous) organic matter. The DOM, expressed as
dissolved organic carbon (DOC) concentration, depends on
many hydrological parameters that are highly variable, as
noted in recent studies [9, 10]. Increases in DOC concen-
trations in water are evident and observed in many coun-
tries, but the reasons are still unclear. There are seasonal
factors like air and water temperatures, runoff and the
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amount of precipitation, such as rain or snow, as well as
the yearly different times of ice-break, and connected to
this, the inflow of snowmelt. Generally, factors like climate,
land use and anthropogenic input have been outlined. In
addition, Klavins et al. stated the importance of wetlands in
the river catchment, land usage type and runoff regime [8].

High-performance size-exclusion chromatography is
extensively used for DOM characterisation and fraction-
ation, because it is a non-destructive technique with
well-known advantages [9, 11], that has been successfully
applied in several studies by the present author [12, 13].
Usually, the most common wavelength used to detect
separated DOM fractions is 254 nm, but more studies
nowadays apply multi-wavelength detection (diode array
detection, (DAD)) [14]. Another means of gaining more
information about DOM composition is to calculate the
absorbance ratios at several wavelengths. In the present
study, these ratios are named as optical/spectroscopic
parameters. Several ratios have been found to serve as
proxies for DOM compositional changes. The theoretical
background is described in Yan et al.’s recent work [9].

The aim of the current work was to study the change
of DOM parameters from natural water samples of Pirita
River in Estonia during 2 years of winter—spring seasons,
where the most drastic climate change occurs (temperature
rises from -10 to +15 °C), using HPLC-SEC-DAD and
ultraviolet-visible (UV-vis) spectroscopy.

Experimental

Materials

The present study includes water data from 2013 (nine
samples) and 2014 (11 samples) during January to June,
sampled from Pirita River in Tallinn, Estonia. Pirita River
is a 105-km-long river, one of the largest in Estonia. It
drains into Tallinn Bay (in the Gulf of Finland), in Pirita
(a district of Tallinn). The catchment area is 794 km?
and its average flow is about 8 m® s™*. The sampling point
is located in the Pirita district, 4.9 km from the estuary
(59°27'58.73"N 24°52'46.63"E) [15]. The river level dif-
ference from the sea level is 5.98 m. The list of the water
samples, collected together with water, air temperature
and water level data (retrieved from Estonian Hydromete-
orological Institute) are shown in Table 1 [16]. Air and
water temperatures and water level measurements are car-
ried out directly on site. The water samples were stored at
4 °C in the dark. The average water pH in the spring is
7.8, and organic compound and nutrient contents (ammo-
nia and nitrates) are higher in the spring than in the sum-
mer. Respective data can be found in the literature [17].

Methods

Chromatographic analysis

Samples were filtered through 0.45-pum Millipore filters
before conducting the HPLC analysis. For this procedure,
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Table 1 Hydrological data for Pirita River water samples

Sampling date Temperature, °C Level, cm
Air Water
March 17, 2013 -39 0.1 1219
March 24, 2013 -06 0 109.2
March 31, 2013 03 0 111.8
April 7, 2013 48 0 1149
April 14, 2013 -09 0.2 219.5
April 21, 2013 9 56 190
April 28, 2013 8.1 6.9 166
May 5, 2013 8.7 94 1374
May 12, 2013 145 14.5 126.6
January 10, 2014 1.8 42 146.1
January 22, 2014 -108 0.1 148
February 12, 2014 13 02 200
March 13, 2014 1 2.8 121.8
April 10, 2014 -2 42 1156
April 28, 2014 14.1 103 99.8
May 5, 2014 7.1 39 84.6
May 12, 2014 13 10.5 1234
May 19, 2014 198 13.6 117.3
May 26, 2014 189 19 111.8
June 2, 2014 109 14 101.5

a 20-mM phosphate buffer with 10 % methanol (pH 6.8)
was used as a mobile phase for the HPLC-SEC system.
HPLC measurements were carried out on BioSep-SEC-S
2000 size-exclusion column (300 x 7.8 mm, Phenomenex).
The HPLC-SEC system was equipped with a multi-
wavelength absorbance detector, DAD (Agilent Technolo-
gies), and the chromatograms were registered on wave-
lengths between 200 and 600 nm using isocratic elution at
a flow rate of 0.5 mL min~" [18]. Then, 20 uL of sample
was injected for analysis. At least three replicates were car-
ried out for each sample. All solutions for HPLC measure-
ments were prepared using distilled water passed through
a Milli-Q water purification system, filtered through
0.45-pm pore size filters (Millipore) and degassed. The
chromatograms were recorded and processed by Agilent
ChemStation software.

The aliphatic fraction of DOM is not measured in our
experiments because of the absence of conjugated double
bonds, and thus, the obtained data represent only the
UV-absorbing fraction. The registered chromatogram
peak area at the selected wavelength (210, 254 and 280 nm)
corresponds to the relative quantity of DOM in a specific
molecular size fraction that is not determined in the
present study. The changes in the molecular structure
were assessed following the changes in the retention
times. Respectively, the peak with the lowest retention
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time refers to the highest molecular size fraction of
DOM, and the peak with the highest retention time re-
fers to the lowest molecular size fraction. Quantitative
molecular properties of DOM were evaluated using a
comparison of chromatographic parameters: AroTai0
(total peak area at 210 nm), AroTas4 (total peak area at
254 nm), Atoraso (total peak area at 280 nm), Apraio
(peptide-like components, peak area at 210 nm) and ra-
tio Assa/Apraio- Peak identification is carried out by
extracting the UV-vis spectra of the chromatographic
peak from the DAD data and comparing it with the
existing database records of protein (bovine thyroglobulin,
human gamma globulin, ovalbumin, myoglobin, uridine
and tryptophan, Phenomenex), peptide, nitrate and humic
substance (HS) (NOM, IHSS Nordic Reservoir 1R108N;
HA, IHSS Nordic Aquatic 1R105H; FA, IHSS Nordic
Aquatic 1R105F) standards. The total peak area recorded
at 210 nm represents DOM (both humic and peptide-like
constituents), and the total peak area recorded at 254 and
280 nm corresponds to the HS fraction of DOM. The
peak at higher retention times is named peptide-like be-
cause the absorption spectra coincide with a 94-98 %
probability with respective spectra of protein standards,
but the molecular size is even smaller than that of HS.
The UV spectrum of a peptide-like peak is characteristic
for polypeptides (e.g. tripeptides). The peptide bonds
found in the amino acids absorb at 205 nm. The use of
HPLC-SEC in studies of polypeptides of a molecular mass
less than 5000 Da is possible with a stationary phase used
in column BioSep-SEC-S2000 [19] that enables excellent
resolution in the molecular mass range from a few
hundred to a few thousand Da. Peptides emerge from a
column near the lower limit of the separation range.

Spectroscopic analysis

UV-vis absorption spectra were recorded using a UV-vis
spectrophotometer (SPECORD 250 PLUS, Analytik Jena)
with a wavelength area of 210-900 nm in a 1-cm quartz
cuvette. Milli-Q water served as a blank. Absorbances at
several wavelengths (Ass, Ass, Azgo, Azess Aazo Aess)
and their ratios (Assa/Asos, Aszes/Aazo, AazolAees) [9]
were applied for the characterisation of the optical
properties.

Results and discussion

Chromatograms of water

The objective of the present study is to apply HPLC-SEC
in order to assess DOM changes as a function of climate
change (water and air temperatures, water level). There-
fore, the chromatographic analysis was made at three
wavelengths (210, 254 and 280 nm) to study the DOM
in more detail. The chromatogram of the water from
January 10, 2014 at three wavelengths is presented in
Fig. la. On the chromatogram registered at the
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wavelength of 210 nm, two peaks are separated, one of
which represents the HS fraction of DOM, and the
other, peptide-like components of DOM. From the UV
data registered, it is possible to extract a chromatogram at
the selected wavelength, for example at 254 nm, while also
representing the results by drawing a contour graph in
colour scale. Thus, in Fig. 1b, a contour graph (absorbance
vs. retention time) of water from May 19, 2014 is shown.
The chromatograms of Fig. 1c are similar to the chromato-
gram of Fig. la but for water samples taken at different
times. However, in some samples from May to June 2014,
two peptide-like peaks are detected, including a peak cor-
responding to a peptide-like-DOM complex, as revealed
through the comparison of respective absorption spectra.
The chromatograms registered at wavelengths of 254 and
280 nm of the water samples from May 19 (like others wa-
ters) consist only of HS peaks; however, at 210 nm, the sec-
ond peak represents the peptide-like-DOM complex, and
the third corresponds to a peptide-like peak (Fig. 1c).

Optical properties

The absorption spectra of the studied water samples show
a decrease of absorbance with increasing wavelengths,
which is typical for DOM. Similar trends for absorbance
(Fig. 2) are registered at wavelengths of 254, 280, 365 and
470 nm, with the minimum occurring in February under
an ice cover. At 205 nm, more aliphatic and peptide-like
DOM constituents together with some inorganic anions
and carboxylic acids contribute, showing maximum values
in January, with decreasing values thereafter. The absorb-
ance at a wavelength of 254 nm (A,s4) is often utilised as
an indicator of DOM concentration, as well as the absorb-
ance at 280 nm (A,go) [20]. An increase of well-humified
organic matter (Aggs5) in river water was detected after the
spring floods in April.

Trends in absorbance ratios are different: The A5,/
Ajos ratio decreased in January thus reflecting the mini-
mum number of DOM aromatic constituents in relation
to the peptide-like substances of microbial origin that
exhibited the maximum at the same time. The UV-vis
absorbing functional groups ratio of DOM (Azs5/A470)
decreased slightly from 6 to 5. The degree of the aro-
matic groups condensation of DOM (A47¢/Agss), or else
degree of humification [20], decreased, with the excep-
tion of January and April. This absorbance ratio varied
between 4 and 8. This variation may be the result of di-
lution. The high values (up to 12) are explained by the
presence of low molecular mass fulvic acids in the water
[21]. The low values indicate input of DOM originating
from the soil.

Molecular properties
The HPLC-SEC analysis of DOM resulted in HS,
peptide-like, and in some samples, humic peptide-like
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Fig. 1 Example of Pirita River water HPLC-SEC-DAD chromatograms: a detection at 210, 254 and 280 nm, sample from January 10, 2014; b contour
plot, sample from May 19, 2014; and ¢ chromatogram of sample (b) at 210 nm with separated DOM fractions and respective absorbance spectra

complexes. The incorporation of peptide-like fractions
into humic structures is noticed in the May (2014) sam-
ples. It can be a weak association between DOM compo-
nents, but in the present text, we refer to it as complex.
In a recent study, protein-like and HS interactions were
studied in detail, and supramolecular assemblies between
those components are demonstrated for model solutions

[22]. Our results confirm the fluorescence spectroscopy
results concerning DOM supramolecular structure in
natural surface water, where component interactions
are based on m-1t and/or van der Waals forces [23]. In-
tegration of the chromatograms enables one to obtain
the retention time for each peak, the area, the height
and the identification of the substances, with comparisons



Lepane et al. Chemical and Biological Technologies in Agriculture (2015) 2:14

Page 5 of 7

0.7
0.6
0.5
04 %
<
033
<
0.2
0.1
0
0.16 B 0.007
014 0.006
0.005
0.12
0
e 0004
< 01 £
2 0.003
<):0.08
——A365 0.002
0.06 ——A470%5 | (001
——A665
0.04 0
R T T T S S T
& XS XS
A AN N RN RS RENG
9 C 0.3
8
0.25
7
£6 02
~ v
&5 g
< 015 S
< <
€3 0.1
< —0—-A365/A470
2
——A470/A665 0.05
1
——A254/A205
0 0
x x % > x % > x
R RS SR SO S S

RS IR SR RO PU
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between the fraction spectrum and the standard spectrum.
Total peak areas as estimates of relative quantity of re-
spective fraction differed in the studied years, with an in-
crease in April 2013 (Fig. 3a) and a decrease in April 2014
(Fig. 3b). The trends in absorbance ratio Atorasa/Apraio
(Fig. 3¢) were similar from March to April, but different in
winter (January to February) and in spring. This ratio
makes possible to evaluate the relative content of HS and
peptide-like components. Typical values are between 0.3
and 0.5, and thus, peptide-like substances dominate two
to three times over the HS in Pirita River water DOM.
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Fig. 3 Chromatographic parameters Arora10, Atoras4 Atoraso and
ApLa1o, for years 2013 (a) and 2014 (b). The ratio Arorasa/ApLa10

changes with the trend lines (c). Vertical bars indicate standard error
J

Only in one date did the HS dominate (ratio 1.5), and this
could be caused by soil organic matter inflow.

Effect of water and air temperatures

Temperature effects on DOM characteristics were evalu-
ated by studying how retention times and areas of dif-
ferent peaks change as a function of air and water
temperatures. Air temperatures in 2013 (March to May) var-
ied between -3.9 and 14.5 °C and in 2014 between -10.8
and 19.8 °C (January to June) (Table 1). The long time
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averages for the months of January to June are as
follows: —-4.0, -4.7, -1.3, 3.9, 10.1 and 13.2 °C, respect-
ively [16]. Water temperatures varied between 0 and
14.5 °C (2013) and between 0.1 and 19.0 °C (2014). In
the 2014 samples, both water and air temperatures
were highly correlated (0.89 and 0.75, respectively) to
UV ratio Ass54/Az05. The increase of temperature caused
increases of this ratio and constant decreases of peptide-
like constituents in the water. Pirita River water is inten-
sively coloured because of the high concentrations of HS
originating from the catchment area. DOM sources are
known to be marshlands and forests. During spring, usu-
ally, the snow melts, causing an increase of the water level,
and DOM components from the soil are washed into the
river water. This explains the increase of HS (A,54). The
increasing water temperature possibly causes a rise in
the microbial activity, and thus, the relative content of
peptide-like DOM components in water should decrease.

Chromatographic parameters for the year 2014 samples,
Apr210, AToT254/Ap1210, COrrelate quite well (0.65-0.77)
with water temperature and confirm in the spectroscopic
results described above (Fig. 4). Water temperature in-
creases caused decreases of peptide-like substances, but
both HS (Aror2s4) and peptide-like substance (Apysio)
contents increased, together with the increasing air
temperature, except for the data obtained at -10 °C.
Our results indicate that water and air temperatures
can have different effects on the peptide-like substance
content in water.

The year 2013 samples show a very interesting
temperature dependence; at low water temperatures
(0-6 °C), peptide-like substance (Apis19) concentrations
increase, but at warmer climates (7-15 °C), the opposite
trend—a decrease—is obvious. A similar effect is noticed

for Arora10 and Aroraso- We explain the results by as-
suming domination of DOM degradation processes in
cold climates and enhanced microbial activity in warmer
climate conditions. The increase of peptide-like compo-
nents in water can also indicate an anthropogenic impact,
like wastewater input [24].

Effect of water level

Water level increase is correlated with the studied ab-
sorbance values and ratios, and results in the decreasing
of HS (Fig. 5a) and the increasing of the peptide-like
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Fig. 5 Effect of water level on the relative quantity of DOM components
in the year 2014: a HS and b peptide-like
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constituent (Fig. 5b). Again, input of snowmelt might
carry DOM components preserved in soil water to the
river, causing a dilution effect. The wastewater inflow,
together with HS from the soil, can be a possible source
for the increased content of the peptide-like substances.
In 2001, the organic compounds that entered Pirita River
were set in a self-purification process. The contents of or-
ganic compounds originating from sewage were minimal.
The self-purification was due to the increase of the vol-
ume of water in the spring, which was very intensive and
did not influence the microbiological quality of the water
[17]. However, today, we cannot exclude the possible
source of peptide-like substances from sewage and waste-
water that are directed to the river water. Thus, the ap-
proach used in the present study, i.e. separation of humic
and peptide-like DOM components based on molecular
size, enables us to gain detailed information about
chemical and compositional changes of organic matter
in the water environment.

Conclusions

The results point out the usefulness of HPLC and UV-vis
spectroscopy for studying DOM in relation to climate
change. The methods used enabled detailed monitoring of
humic molecules dissolved from the catchment soil, as
well as microbial derivatives (peptide-like components of
DOM). The new data obtained in the present study may
help to clarify the role of humic molecules and peptide-
like components of DOM on bioactivity changes due to
the effects of temperature and water level. The approach
used can be applied for monitoring changes in raw water
quality, and thus, for the design and optimisation of
drinking water process technology.
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