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DETERMINATION OF DEGRADATION PRODUCTS OF PLANT
ORIGIN PIGMENTS IN THE BOTTOM SEDIMENTS OF LAKES

OZNACZANIE ZAWARTO SCI PRODUKTOW DEGRADACJI BARWNIKOW
POCHODZENIA RO SLINNEGO W OSADACH DENNYCH JEZIOR

Abstract: The objective of this exercise was to introducglehts to one of the methods used for determinafion
the content of pigments’ degradation products ke laottom sediments characterised by heterogensosical
and chemical properties. The research revealedthieastudied bottom sediments were characterisediieyse
content of products produced during degradatiopigiments of plant origin, whereas higher conceiunat of
these compounds were found in sediments containioi@anic carbon (carbonate§jhe obtained results also
indicate that it is important to have the resultsperly presented, particularly in the case of dampontaining
the carbonates.
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Bottom sediments are an integral component of éguestosystems. They are of
particular significance in water reservoirs whespakited for many years they constitute
a unique record of history, not only of a givendalbut also processes occurring in its
drainage area. The organic matter, both of autociuths (produced in the pelagic zone)
and allochthonous origin (brought from outside kel®asin), is an important element of
sediments deposited at the lake bottom. It is bgereous mixture of organic compounds,
decomposed to a different extent, characteristiewdry lake and consisting o plant
pigments and products of their degradatibhe main sources of pigments in lakes include
communities of phytoplankton and benthic algae,utettjipns of phototrophic bacteria and
macrophytes [1-3]. Pigments are easily degradedtlzmdate of the processes depends on
several factors, including acidification, the onigdf pigments, the amount of light, the
oxygen concentration, the water depth or the rat®esumption by zooplankton, as well as
stability of pigments. Processes of degradation wegur both in the water column and
after deposition in sediments. In shallow watereregirs, the rate of organic matter
deposition in bottom sediments is faster, and hdheetime of exposure to oxidation
processes occurring in the water column is shorterthis type of lakes, however,
photooxidation of pigments deposited at the bottdra reservoir often occurs. Whereas in
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deep lakes, organic matter is exposed to changesrowg in the water column for a longer
time [1, 3-5].
The presented exercises are intended for studébislogy and related fields, and can
be used during classes of hydrobiology or limnology
The objective of the proposed exercise is as falow
- introduction of students to one of the method=du®r determination of the content of
products that are produced during degradationaftgdigments in bottom sediments,
- introduction of students to factors affecting tlentent of pigments preserved
in bottom sediments.

Material and methods

The method presented by Vallentyne [6] and recondmeérby Wetzel and Likens [7]
assumes 24-hour extraction of pigments from weinset. To perform the calculations, it
is necessary to determine the actual moisture obated the content of organic matter. This
usually exceeds the time allowed for this type xdreise. Therefore, this paper presents
a simplified method with the use of: (i) dry sedimh&ith a determined content of organic
matter and (ii) a shorter time of extraction.

The research material consisted of profundal bottmuiments with heterogeneous
physicochemical properties, which were collecteahfrlakes located in the llawa Lake
District: Jeziorak (sample 3), Kolmowo (sample 28)egwica (sample 10) and Gardzien
(sample 16). After being delivered to a laborat@gdiments were desiccated at room
temperature, homogenized and sieved through a sithrea mesh diameter of 1 mm. In the
material thus prepared, the contenttatal carbon (TC) andtotal nitrogen (TN) was
determined using the analyser Vario Max CN (the mamy Elementar, Germany), whereas
the content of inorganic carbon - with the analy$mimac$® (Skalar, Breda, the
Netherlands). Based on these results, the contenttal organic carbon (TOC) was
calculated from the difference TOC = TC-I@hdrganic carbon). Also the percentage
content of organic matter and calcium carbonatewels as the mineral non-carbonate
fraction were calculated. The content of organidtenavas calculated by multiplying the
percentage content of total organic carbon by thkiev of 1.74 (the conversion factor
proposed for bottom sediment by Mudroch and coestf8] - TOC-1.74), the percentage
content of inorganic carbon converted into the ioalccarbonate content applying the
conversion factor of 8.33 (IC-8.33). Whereas thecgr#tage content of the mineral non-
carbonate fraction was calculated from the diffeeenl00% (the percentage content of
organic matter + the percentage content of calatanbbonate). Based on the percentage
content of organic matter, calcium carbonate amdntiineral non-carbonate fraction, the
classification of sediments was performed accordinylarkowski [9]. Also the pH value
of sediment in water (the ratio of 1:5 w/v - 10fgsediment: 50 cfhwater) was determined
applying the electrometric method.

Each Falcon plastic test tube was filled with ca@of different sediments and 30tm
of 90% aqueous alkaline solution of acetone (2 sirop concentrated NJDH solution
added to 90% solution of acetone). Test tubes thith content were being shaken for
30 min. The samples were then centrifuged, andupernatant was filtrated through a filter
paper into 100 cfhglass volumetric flasks fitted with ground glasijs. Another portion
of solvent was added into the test tubes with pite and then shaken again. After
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another 30 min, the extracted precipitate and siggent were filtered. The precipitate was
rinsed repeatedly with small portions of solvenbmder to obtain 100 cirfiltrate. Optic
properties of extracts were determined within thsible spectrum (330-800 nm) by
a spectrometer Lambda 20 Perkin-Elmer using a Jlcomette. Based on the obtained
absorbance values at the wavelength of 750 nmrg, (Abaseline absorbance) and the
maximum of absorption within the chlorophyll arefattee spectrum - 4, (the absorption
maximum can be located between 657 and 666 nm),ctment of plant pigment
degradation products was calculated and expressé&@PDU (Sedimentary Degradation
Pigment Unit) per 1 g of dry sediment weight and g of sediment organic matter. This
value is defined as absorbance of a 1-cm layeplotien at the wavelength of maximum
absorption in the red part of the spectrum withebas absorbance at= 750 nm, in the
conditions of extraction and dilution as describédve.

Calculations:

SPDU/gw = (Ass—A750) - [L/weighed amount of sediment (in grams)]

SPDU/g = (Assz—A7s0) - [1/content of organic matter in the weighed amo
of dry sediment (in grams)]

Owing to a computerized spectrometer, also theasarfarea below the absorption
curve within the range of = 330-800 nm was used as a measure of the cafteigment
degradation products. The obtained results weresepted in conventional units of
absorbance per one gram of dry sediment weightnfiAdR,] and per one gram of sediment
organic matter [A/nm-g] [10]. Values of correlation coefficients were @alated for the
obtained results.

Results

Table 1 presents the main physicochemical parametehe studied bottom sediments.
The sediments were characterised by diverse coofetdtal organic carbon (TOC) and
organic matter, ranging from 140.0 to 343.1 g/kdwo of the samples analysed did not
contain carbonates, whereas the content of inocgaaribon (IC) in the remaining samples
was 8.5 g/kg, (Lake Jeziorak) and 12.6 gikg(Lake Kolmowo). Also the total content of
nitrogen varied within the broad limits: from 16td 36.9 g/kg, (sediment of Lake
Kolmowo and Gardzien, respectively). The pH valt@ssediments ranged from 4.59 to
6.54. Based on the percentage content of organiemaalcium carbonate and the mineral
non-carbonate fraction, types of sediments wererdated according to the classification
by Markowski [9]. Sediments from the lakes Jezipr&kegwica and Gardzien are fine
detritus gyttja, classified within the type of onja sediments, whereas the sediments of
Lake Kolmowo are clayey gyttja representing theerahtype of sediments.

Figure 1 presents spectra of acetone pigment eégtcaatained in bottom sediments of
the lakes. Spectra were normalized to extractiomfrl g of dry sediment weight. The
obtained spectra are characterised by a shapeabyfithis type of material. In all spectra,
two well-defined peaks occurred at the wavelengflea 410-411 nm and 663-666 nm.

Table 2 presents the initial values of absorbatieesurface area below the absorption
curves and weighed amounts, which were used touletéc the content of pigment
degradation products in bottom sediments.
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Table 1
Basic physicochemical properties of bottom sedisighe percentage of organic matter and kind afrset

TOC IC TN Organic matter . .
Sample symbol HH,0 Kind of sediment
PIe SO Toikgad] | [o/kgad] | [okgad | P [%]
3 200.1 8.5 26.9 6.40 34.8 fine detritus gyttja
24 140.0 12.6 16.1 6.54 24.4 clayey gyttja
10 278.7 0.0 24.6 4.59 48.5 fine detritus gyttja
16 343.1 0.0 36.9 5.37 59.7 fine detritus gyttja
3 - lake Jeziorak, 10 - lake Stegwica, 24 - lakénitwo, 16 - lake Gardzien
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Fig. 1. Standard spectra of acetone pigment estfemin bottom sediments of the lakes

The sediments from lake Jeziorak (sample 3) weaeadhterised by the highest content
of pigments, both per 1 gram of dry sediment we{§®DU/g,,) and per 1 gram of organic
matter (SPDU/g,), ie 0.41 and 1.19, respectively (Table 3). Also whes surface area
below the absorption curve was used as a measu@mint content per 1 gram of dry
sediment weight (A/nmyg), the sample from lake Jeziorak had the highester of
pigments. When applying the conversion into 1 godisediment organic matter, the sample
from lake Kolmowo was characterised by the highemtitent of pigment degradation
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products - 373.08 A/nmyg It is noteworthy that the content of pigmentsé&diment from
lakes Stegwica and Gardzien is low, despite thk bamtent of organic matter. Therefore, it
can be inferred that the conditions prevailingha sediment of these lakes, mainly the low
pH value, could be unfavourable to the preservatibpigments. Based on the research
conducted on lake bottom sediments in Drawienskiddal Park and Wel Landscape Park,
it was found that bottom sediments characteriselbwypH values, despite the high content
of organic matter, had low concentrations of pigtadghl, 12]. It should also be taken into
account that Stegwica and Gardzien are shallows]aded thus photooxidation and good
oxygenation of waters (which accelerate the oxahafirocesses) could be yet other factors
accelerating the degradation of pigments. The preseof oxygen also favours the
occurrence of numerous benthic species, which l¥inmithe sediments induce their
resuspension and re-exposure to oxidation procé&ssles water column, and by feeding on
organic matter they cause further degradationgrhpnts.

Table 2
The absorbance values of acetone extracts andltdated area under the curve of absorption @itrary
absorbance units)

Sample weight Area
Sample symbol (dl Aee2 Azso [A/nm]
3 0.5251 0.2269 0.0095 67.35
24 0.5310 0.1024 0.0046 48.34
10 0.5468 0.0608 0.0037 30.14
16 0.5140 0.0667 0.0011 31.34

3,10, 16 and 24 as in Table 1

Table 3
The content of plant origin pigments in the botteediments
Sample symbol SPDU/gy SPDU/gm A/nm- guw A/nm- gom
3 0.41 1.19 128.26 368.56
24 0.18 0.75 91.03 373.08
10 0.10 0.22 55.12 113.65
16 0.13 0.21 60.97 102.12

3,10, 16 and 24 as in Table 1

Summary

Based on the obtained results, it was ascertainatdthe studied bottom sediments
were characterised by diverse content of produttdyced during degradation of pigments
of plant origin, whereas higher concentrationshese compounds were found in sediments
containing inorganic carbon (carbonates). The aunté pigment degradation products
expressed in conventional units of absorbance pe@rain of sediment organic matter
[A/nm- g,] was significantly positively correlated with irganic carbon content determined
in sediments. The obtained results also indicas ithis important to have the results
properly presented, particularly in the case ofascontaining the carbonates.

The advantage of the presented exercise is thébfitgof its modification according
to the plan of classes and available equipmenstifsirwet sediments can be used for
extraction, but this requires determination of #iotual moisture content and the content of
organic matter. Additionally, a measurement of sedit pH can be included. Secondly,
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a simple spectrometer can be used for the descekextise, and the obtained results can
be presented as calculated per SPDU.
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Abstrakt: Celem opracowanegéwiczenia bylo zapoznanie studentéw z jgdnmetod oznaczania zawaito
produktéw degradacji barwnikbw w jeziornych osadadennych o zrinicowanych witéciwosciach
fizykochemicznych. Badane osady denne charaktesfgosk zraznicowary zawartdcia produktow degradacii
barwnikéw pochodzenia §tnnego, przy czym wisze sgzenia tych zwizkdéw otrzymano w osadach
zawierajicych wegiel nieorganiczny (eglany). Uzyskane wyniki wskazygj rowniez, ze istotry role odgrywa
sposéb przedstawiania wynikdw, przy czym jest tozegélnie wane w przypadku probek zawiegaych
weglany.

Stowa kluczowe:éwiczenie dla studentéw, barwnikisimne, osady denne



