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Abstract

The 15 - cm layer of bottom sediments of the Laké&do was examined. Organic sediments
make up to 32% of the Lake Bukowo bottom surface,rttixed sediments - 52% and the sandy
ones - 16%. Bottom sediments of this lake displagddgh content of organic matter ca. 28%,
nitrogen ca. |. 2%, silica 65% and phosphorus 0.880gen and phosphorus were deposit into
sediments in the main form of organic compoundses€hsediments were characterized by low
content of metals (average: Ca 1%, Mg 0.8 %, Fé&olaBd Al 1.1%). The pollution of Lake Bu-
kowo increased comparison to 1987.
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INTRODUCTION

Bottom sediments very well reflect the mechanicad ahemical changes occurring
in lakes as their component substances participatee cycle of particular elements
thus influencing the aquatic environment and beabie to change its properties
(Januszkiewicz 1978a). The sediment accumulatit®) taeir physical structure and
chemical composition depend on many factors. Howevés the property of drai-
nage basin, the lake’s physico-chemical and bickdgionditions and its water sup-
ply pattern that are most important (Trojanowskal 1982). Chemical composition
of sediments changes in the vertical profile. Tlesthactive layer that participates in
chemical change in the water-sediment area is 1@h5 thick surface layer
(Wisniewski 1989); some estimate it several millimetteigk (Gawrdiska 1987,
1989). Bottom sediments are not only the centrecfeemical changes, but also
a place where various substances accumulate asasvetlany toxic compounds en-
tering the water body deactivate and decomposetékkiset al 1998). They make
a trap for nutrients when their concentration irtewas high; but, on the other hand,
they become their source when their concentratiowdter is low (Trojanowskat
al. 1993a, Trojanowsket al 1993b).
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In this way, lakes make a kind of natural ,settltagks” for rivers which flow
through them. They leave much of their pollutiorcoastal lakes before entering the
sea. The lake’s heavy contamination and high extémutrophication make them
become half-dead estuaries which will be gettingemand more shallow in the near
future as the lake's basin gets filled with thepimg down substances. One of the
primary reasons why the coastal lakes have nobgebme completely degraded is
the frequent marine water gate. The marine wattererhe lakes when the Baltic
waters dam up, or when the lake water table lowgysificantly. Marine water di-
lutes lake waters in terms of nutrient and organatter contents, but on the other
hand, it shakes their balance by introducing toahmaf chloride ions (Majewski
1972, Trojanowska 1993a).

Bottom sediment properties make quite a represeateidicator of long-term
changes to water reservoirs pollution, and may bésosed as indicators of biologi-
cal and chemical changes to water environments.

The objective of the present study was:

- to specify the chemical composition of 15 cm thimktom sediments of Lake
Bukowo, which well reflect the impact of introducpdllution and which make
the source of inner supply,

- to show the changes pattern of the sediments irpadson with previous data,

- to specify the marine water impact on the charastdhe examined lake sedi-
ments.

MATERIAL AND METHODS

Lake Bukowo neighbours on Lake Jamno and in edilegs those two lakes must
have formed a coastal flood as there is a lowetrgol & marsh between those lakes,
close to the village of Lazy. It must have beemded during the small maximum of
Litorina transgression (Majewski 1972). Table 1ser#s the limnometric character-
istics of the lake. Lake Bukowo covers an area 841.7 ha; its mean depth is 1.8 m,
maximum depth is 2.8 m.

Table 1
Morphometric characteristics of Lake Bukowo
Property of lake Value

Surface area (kf 17.47
Shore line (km) 23.2
Volume (knt) 0.032
Maximum depth (m) 2.8

Mean depth (m) 1.8

Maximum length (km) 8.80
Maximum width (km) 3.36
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The lake is linked with the Baltic Sea by a 500and channel, which usually is
covered in the coastal rubble sand (Fig. 1). Adl khke’s coastline is overgrown by
bulrush vegetation. Submersed vegetation occuromigt off the coasts but it can
also be found in different parts of the lake wheig shallow.

POLAND

[

Fig. 1. Location of sampling stations in the Lake&Bwo

Lake Bukowo has very few affluents, which resuttsininefold annual water
exchange. The lake’s largest affluent is the RBagiennica, which brings in some
waters of the River Grabowa - a tributary of thee@/z. Other affluents are meliora-
tion ditches catching run-off from the neighbourifiglds and meadows (Chiski
1995).

Bottom sediments at five research stations werdiexiu The location of the
stations are presented in Fig. 1:

- Station 1 was located in the western part of tke,lat the outlet into the melio-
ration ditch joining that lake with Lake Jamno,

- Station 2 was located in the deepest part of tke la

- Station 3 was fixed at the canal joining the lakéhe sea,

- Station 4 was fixed in the eastern part of the lakese to [@bki village,

- Station 5 was placed at the River Bagiennica moiththe lake.
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A single summer sampling (1987 and 1997) was dognedans of an Ekman
sampler. Three sediment samples were collected &ach station, and the results
were averaged out. The over sediment water wasatetl carefully; the interstitial
water was separated by means of filtering freslingt through a stilon bolting-
cloth. The samples were then kept in tightly insedavessels, at about 4°C for later
phosphorus and nitrogen compounds determinatioan@ometric composition was
determined in the collected samples, which wereiedhrout with the use of the
aerometric method modified by Prégski, and by sieve method (Mirowski and
Rytelewski 1981). Analyses the bottom sediment wierge following the method by
Januszkiewicz (1978b).

Silica and undissolved components were determinechéans of fusing the
sediments with unhydrous sodium carbonate and uphgdpotassium carbonate at
1:1 ratio. Having determined silica in that solatisnanganese, calcium, magnesium
and iron were then determined with the use of aptexometric method. In the sam-
ples, iron was determined prior to defining alumimi

Once the sample has been mineralised, its totasghtoyus contents (T-P)
were determined by means of colorimetric methodnofybdatenic blue. The total
nitrogen contents (T-N) were determined with the of Kiejdahl method; and or-
ganic carbon - by the dichromate method.

RESULTSAND DISCUSSION

The bottom sediments of lake Bukowo display cerififerentiation in terms of
granulometric pattern. They contain about 70% ofdasized particles of 1-0.1 mm.
Over 70% of those particles are in the sedimentevered from stations 1, 3 and
4 which are composed mainly of sand. Sedimentsvezed from lakes Jamno
(ca. 45%), Gardno (ca. 50%) and tebsko (ca. 60%)aimed fewer particles of that
size (Trojanowskat al 1993a). However, fractions containing 0.1-0.02 ipanti-
cles and those smaller than 0.02 mm displayed #dasimomposition, which was
about 15% in each case. It was only at Stationhi¢clwreceived the run-off from the
neighbouring fields and meadows, where seconddafggction was that of less than
0.02 mm particle size and occurred in a silty fofi®%; 0.1-0.02 mm - 8%).
At Station 3 (at the river mouth into the sea), tlitom sediments contained 10% of
particles which were of intermediary sizes, whitetigles smaller than 0.2 mm made
as little as 7%. Lakes Jamno, Gardno and tebsktacoby 1.5 times more silty
forms than bottom sediments of Lake Bukowo.

Chemical analyses done to those samples reveaad differences between
the compositions of the sediments in different Ipleets (Fig. 2). Silica were the
dominant in those sediments, which made 56-88% rin&&&6) dry mass in 1997.
Comparing Lake Bukowo to other eutrophic lakess#diments contained an aver-
age amount of Sig(Gawraska 1987, Trojanowski 1987). The greatest amouhts o
sand were present in the areas where marine wates gccurred (Station 3 - 88%,
Fig. 2) and around Station 1 - about 76%. Sand spasted at its least at the River
Bagiennica affluent (Station 5 - 56%) and at thepasst point (Station 2 - ca. 60%,
Fig. 3). In terms of particle sizes, organic mattas the second largest component
of the sediments in Lake Bukowo (mean 12.83)C
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Fig. 2. Distribution of organic, mixed and sandgiggents in the Lake Bukowo
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Fig. 3. Mean contents of organic carboggCand of silica (Si¢) in bottom
sediments of the Lake Bukowo in years 1987 and 18@fions 1-5)
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The organic matter contents in the lake’s sedimeh&nged within the 6.5-
26% range and it could be defined as high (FigirBpther eutrophic water bodies
alike (Trojanowski 1987, Martinova 1998, Gawskia 1989). It was only at stations
1 and 3 that it was significantly lower. This corsftion pattern at Station 3 very
much depends on marine water, which flows in atatemperiods of time, bringing
sand behind. Large amounts of organic matter oyt Station 5 (18.9% .
converted into dry mass) originate from the Rivaginnica, which brings in a lot
of pollution mudziiski et al. 1993). At its mouth into the lake, the river wape-
rity extent was beyond any classification scaleatT¢ould be due to a salmon fish
farm, which is located on the river.

Organic carbon accumulation in the deepest pattti¢8 2 - 17.3% &) is
a well-known phenomenon and has widely been conedeon in literature (Bjork
1972, Januszkiewicz 1970, Korzeniewskial 1978). Studying bottom sediments of
various lakes, Januszkiewicz (1980) found out tfemical changes occurring to
them cause organic carbon disappear from sedins@atser than organic nitrogen.
The shallower the lake parts, the better sedimeygenation and their warming up,
which in turn drives at a faster and higher extefndrganic substances decomposi-
tion. This is confirmed by a low carbon-nitrogetioga about 12. According to Li-
tynski et al (1976), during an organic substance decomposaidziN ratio less than
17, mineral nitrogen compounds (including ammorie released into the water.
Despite a great mineralisation rate, the lake tsabte to catch up with a full organic
substances decomposition, which was confirmed hyetovalue data in 1987.
In comparison to 1987 (Trojanowskaal 1993a), the mean organic carbon contents
increased by 8.5 %, with a greatest rise, aboli%4ecorded at stations 4 and 5
(Fig. 3). An increase in the organic matter coneditun in Lake Bukowo bottom
sediments provides evidence on an ongoing eutrapbit process in that water
body.

Due to the role nitrogen and phosphorus play ireamophication process,
much attention was paid to the contents and crosaections of those nutrients with
other sediment components. The Lake Bukowo bottedingents are fairly rich in
nitrogen compounds and are characterised by 0284 (mean 1.05%) total nitro-
gen contents (T-N). The data are well matched witrer eutrophic lakes (Troja-
nowskaet al. 1993b, Gawrfiska 1985, Austin and Lee 1973, Dean 1976). Yetethe
is a distinct quantity differentiation within thake itself (Fig. 4). There occur three
distinct zones: the eastern part of the lake dédpegtions 4 and 5) and the deepest
area (Station 2) where the nitrogen contents irsétéments is about 1.4%; the west-
ern part (Station 1) which contains about 0.8% ittbgen and the area of the lake
water outflow with 0.2% of nitrogen.

The nitrogen accumulated in the lake’s bottom sedis occurs mainly as or-
ganic matter component of autochtonic and allodbtorigin. It is additionally sup-
ported by a positive fundamental correlation betweeganic matter contents and
nitrogen, on the significance level of 0.001 (r 8) n = 28, y = 2.08x + 0.68).
In sediments, nitrogen undergoes a number of broa#a changes, turning mainly
into ammonia (Goérniak and Jekaterynczuk-Rudczyksl98/hen released from the
sediment, nitrogen very much depends on oxygenittons. Under anaerobic condi-
tions, ammonia may be accumulated, whereas wheenobic environment it may
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be oxidised. Under anaerobic conditions, part afogen undergoes denitrification
processes and may be released out of the lake. \Wrapared to 1987, the mean
nitrogen contents (0.97%) in Lake Bukowo bottomimeahts has increased by 8.2%,
whereas the total phosphorus contents has incrégsaldout 7%. A greatest increase
was recorded at Station 5 and was about 19%.
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Fig. 4. Mean contents of total nitrogen (TN) ant@hosphorus (TP) in bottom
sediments of the Lake Bukowo in years 1987 and 19@fions 1-5)

Phosphorus compounds are those components in #hlakdecide on the wa-
ter body trophy. They enter the sediments in fofnorganic compounds with or-
ganic matter or sediment along with several metatspounds (Williamet al 1976,
Noges and Jurvet 1998). Phosphorus content iglgtassociated with the eutrophi-
cation extent of a lake and with bottom sedimestgption abilities (Golachowska
1971, Trojanowski 1991). Mean phosphorus conceatrah Lake Bukowo bottom
sediments was 0.91% (Fig. 4). This value is charatic of eutrophic lakes (Troja-
nowskaet al. 1993a). Other components alike, phosphorus kiigtan in particular
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lake strata was uneven. The greatest contents agpplorus compounds were re-
corded at the River Bagiennica mouth (Station 20cE6%); the lowest - at Station 3
- 0.025%. It is definitely the marine water inflowgi in the lake at regular intervals,
that caused such low phosphorus (Trojanovedla 1993b) and nitrogen concentra-
tion values. Marine water normally contains legsogien and phosphorus and thus it
rinses those components out of sediments and binngarine sand leaving it on top.

Substantial correlation has been found betweenna@garbon and phospho-
rus (r = 0.78,y = 21.93x + 2.83, n = 28), as wslbetween nitrogen and phosphorus
(r=0.88, y =0.104x - 0.15, n = 28). This makeslence of phosphorus occurrence,
mainly in organic forms.

Lake Bukowo bottom sediments, lakes Gardno and Mali&e, contain little
iron, manganese and aluminium alike (Fig. 5 ands)vell as in Lake Mutek (Gaw-
ronska 1987) and Lake Gardno (Trojanowskal.1991).
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Fig. 5. Mean contents of iron and aluminium in bottsediments of the
Lake Bukowo in years 1987 and 1997 (stations 1-5)
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Fig. 6. Mean contents of magnesium and mangandsettiom sediments of the
Lake Bukowo in years 1987 and 1997 (stations 1-5)

Correlation and regression analyses have not redemhy dependence on iron or
phosphorus contents. There was, however, a verk vetation between aluminium
and phosphorus, the correlation coefficient of Whicas r = 0.58 at 0.005 signifi-
cance level. This also points to aluminium playagertain role in phosphorus as-
similating in the lake's bottom sediments. Thosdirsents contained on average
1.14% aluminium and 1.27% iron in the sedimentrdass. Iron was most abundant,
about 2.9%, in the sediment’s deepest part (St&fioAluminium, on the other hand,
occurred in greatest amounts in the eastern pdheofake (stations 4 and 5). A sub-
stantial correlation found between iron and alumimiindicates that those metals
compound sediment in a similar way.
When compared to 1987, those metals contents higyleths diminished.

An only rise was recorded at stations 1 and 5 (B)gand referred to iron, which
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suggested that their main source were the affluents

Calcium is an important component of Lake Bukowdtdra sediments in
terms of amount. It occurs in the sediments wheaotdirged from the river basin and
as a result of the processes going on inside e Igs contents (1% on average) in
the lake's sediments were lower than in other ladesmuszkiewicz 1978a, Troja-
nowskiet al 1982) and oscillated between 0.46 and 1.41% {Higrhe western part
of the lake (Station 1) was the richest in calciumbout 1.4%, while the deepest
areas had the least calcium contents - about 5% gféat amount of calcium found
at Station 1 could have resulted from the accunmmadf crustacean shells in that
area.
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Fig. 7. Mean contents of carbonates {Canhd calcium (CaO) in bottom sediments
of the Lake Bukowo in years 1987 and 1997 (statiob3

Carbonates showed a firm correlation with calcium 0.92, y = 0.93x - 0.65,
n = 28) and occurred in 0.40-1.21%. Their distitnutwvas similar to that of calcium
because both components are linked geneticallyogedr in form of calcium car-
bonates. There occurred weaker connections betwegmesium and carbonates
(r = 0.70) which, however, are of pretty much intpace because they indicate that
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some of the magnesium is combined with carbonai® iilo the sediments. The same
phenomenon was recorded in lakes WpdJanuszkiewicz 1978a),¢towo and
Szczytno Mate (Trojanowskét al 1982). In those lake’s sediments, magnesium
amount was four times lower than that of calciurd attered within the range of
0.10-0.33% (Fig. 6). The sodium contents (mean Dif%hose sediments were over
twice that of magnesium. The potassium contentsekier, was lower and amounted
to 0.15% on average.

Unlike in Lake Rskie (Gawrdska 1989), the smallest contents of alkaline
metals (calcium, magnesium, sodium, potassium) wnegerded at the deepest point
of the lake (Station 2). As compared to 1987, thossals concentrations have
slightly diminished in the sediments.

On the basis of the Lake Bukowo bottom sedimenesnital analyses and ac-
cording to Stangenberg classification, three tygfesediments have been specified:

1. organic sediments, stations 2 and 5 - 32% surfabettom,

2. mixed sediments, stations 1 and 4 - 52% surfat®idm,

3. sandy sediments, Station 2 - 16% surface of botteim 2 shows their
locations.

CONCLUSIONS
The following conclusions can be drawn on the bakthe collected data:

1. Organic sediments make up to 32% of the Lake Bukbwtbom surface, the
mixed sediments - 52% and the sandy ones - 16%.

2. The lake’s bottom sediments were characterisedidly drganic matter and ni-
trogen contents; there were average amounts o sild phosphorus and metals
occurred in very small amounts.

3. The chemical composition of the water body sedimevds very differentiated
between the lake parts. It depended mainly onrthataries (the River Bagien-
nica in the first place) and the marine water.

4. The seasonal marine water gates affect the congosif the bottom sediments
and cause that in the area where lake water flawwsnto the sea there is the
lowest content of organic matter, nitrogen and phosus. While diluting the
lake water, marine water makes many chemical comgmuelease out of the
bottom sediments, including nutrients.

5. Nitrogen and phosphorus were deposited in the dak@ments mainly in form of
organic compounds.

6. Calcium and magnesium were accumulated in thosensats primarily in form

of carbonates.

Iron and aluminium were deposited in the sedimenssmilar bonds.

The C:N ratio (about 12) indicated a high organatter mineralisation rate that

occurred in the sediments. Moreover, nitrogen drghands decomposition was

accompanied by nitrogen compounds release (inaguaimmonia) into the deep
water.

o N
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9. An increase in the contents of organic matterogi#n and phosphorus compo-
unds in Lake Bukowo gives evidence of an elevagedllof trophy occurring in
the lake, when compared to 1987.
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ZASIEG WPLYWU WODY MORSKIEJ NA WLASCIWOSCI CHEMICZNE
OSADOW DENNYCH JEZIORA BUKOWO

Streszczenie

W jeziorze Bukowo badano 15-centymetiowarstwe powierzchniovy osadéw dennych
pod kitem ich widciwosci chemicznych. Stwierdzonage 32% powierzchni dna tego
jeziora zajmuj osady denne typu organicznego, 52% - typu minegaln 16% - typu
piaszczystego. Osady denne charakteryzowatygsoky zawartgcia materii organicz-
nej - srednio 28%, azotu 1,2%, krzemionki 65% i fosfor@%, Azot i fosfor akumulo-
wat sk w badanych osadach gtéwnie w formie zzkiow organicznych. Metale wyest
powaty w nich w niewielkich iléciach: przegitnie Ca - 1%, Mg - 0,8%, Fe - 1,3%, Al -
1,1%. Skfad chemiczny osadow byt znécowany w obszarze jeziora, w zaiesci od
wplywow czynnika ddowego i czynnika morskiego. W rejonie wplywow wadgrskiej
stezenia materii organicznej, zwakOw azotowych i fosforowych byly najmniejsze, a w
rejonie doptywow zddu skiladniki te wykazywaty bardzo wysokie wdro



