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Abstract - Environmental pollution with trace elements is
considered as one of the most important environmental
problems. Analysis of trace element accumulation in sedimentary
phases of lakes may reflect the overall regional pollution level,
but analysis of trace element accumulation patterns in sediment
profiles can help to reconstruct the history of anthropogenic
impacts. The aim of this study was to analyse trace element
concentrations in the sediments of Lake Engure in Latvia and
analyze factors influencing their availability. The metal
concentrations in sediments of Lake Engure are at background
levels, especially in comparison to metal concentrations in West
European countries. However, analysis of element concentration
changes in sedimentary profiles gives information about trends of
recent accumulation (within the last 300 years) and the balance
between natural and human induced accumulation processes.

Keywords - Lake sediments, organic matter, trace and major
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|. INTRODUCTION

Studies of lake sediment composition can provide valuable
information about the lake development character and thus can
be used to study long-term, natural, human and climate
impacts on lakes and their basins [1]. Coastal lakes are
shallow water basins where sedimentary records contain
proofs on nature, climate and human activities in the past [2].
Results of the lake sediment investigation reveal the character
and changes of the environment during the lake development
[3]. Likewise, lake sediments can be used to study periods of
forest fires, climate-induced changes in vegetation, and
human-induced changes to organic matter inputs and primary
producer community structure [4].

Lake Engure is the largest basin at the western coastal area
of the Gulf of Riga, which has been developed due to
processes at several stages of the Baltic Sea evolution. The
first basin influencing the area of Lake Engure was the Baltic
Ice Lake. The area of the sloping Baltic Ice Lake plain (25-30
to 8-10 m above sea level), nowadays located between Baltic
Ice Lake and the Littorina Sea coastline, is covered throughout
by sand and gravel deposits [5] surround the lake’s western
and southern coasts (Fig. 1). Sandy inland dunes were formed
in this area after the regression of the Baltic Ice Lake due to
poorly developed vegetation and strong winds.
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Fig. 1. Location of the study area and lake sediment sampling sites.

Lake Engure and the surrounding areas also have weak
traces of sediments accumulated during the Ancylus Lake, the
fresh water basin that replaced the Yoldia Sea after the
isostatic rise of the south Scandinavian landforms. This can
probably be explained by erosion of sediments during the
Littorina Sea transgression, when rising oceanic levels broke
through the Great Belt. The water level of this brackish basin
increased 5-6 m above the present level in the lake area. The
area of the present Lake Engure and the low laying
surrounding areas were the lagoon of the Littorina Sea. Later
the deepest part of the Littorina Plain was separated from the
sea as a result of the Littorina Sea regression, lowering of the
water level and became a lake. About a 20 km long spit
consisting of sands and gravel appears between Lake Engure
and the Gulf of Riga after the Littorina Sea regression.
Initially, it occurred as a large underwater bar, which later
appeared above water and was covered by parallel dune
ridges, separating the lagoon from the open sea [5], and the
basin conditions changed from brackish to freshwater.
Nowadays it is a 1.5 km to 2.5-3 km wide belt of land
separating Lake Engure from the Gulf of Riga (Fig. 1). Lake
depression is shallow, with uneven bottom relief, which is
covered by sand, silty clay, silt with organic matter and gyttja.
The Mérsrags Canal was excavated in 1842, which caused
abrupt lake water level decrease by 1.5 to 2 m. As a result,
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areas of land suitable for agriculture appear in the areas earlier
covered by lake waters. However, large areas of the flat lake
bank slopes became favourable for fen peat formation, but
some sandy areas distant from the lake became dry and new
dune formation processes take place.

Lake sediments in Latvia have been investigated by
geological, paleoecological and paleobotanical methods
during the last decades [6, 7, 5, 8]. Though these data reveal
only basic information about the lake genesis and their
development, the obtained results are very important for
decision making and the lake management. Nowadays, Lake
Engure is surrounded by forest [9], so pollution from human
impact probably comes mainly through the air or brings in the
inflowing rivers like Dzedrupe, Dursupe, Jurgupe, Kalnupe,
and Melnupe. Paleolimnological, paleobotanical and chemical
investigations of lake sediments using instrumental analytical
methods can help reveal processes and impacts influencing
lake development and human pressures, especially during the
last centuries. Analysis of major and trace elements in lake
sediments [10, 11], diatom assemblages, phosphorus and
organic carbon [12, 13, 14] are used as an efficient tool to
study spatio-temporal changes of sedimentary records.

The aim of this study is to analyse sedimentary records of
Lake Engure formed during the last few hundred years and
evaluate possibilities to study the character of human impacts
from sedimentary records.

Il. MATERIALS AND METHODS

This study includes analyses of results from field samplings
and laboratory analyses. Sediment sampling was carried out in
three sites with an aim to get an impression about the lake
sediment composition, thickness and accumulation rates.
Sediment dating using *°Pb analysis was done at the
Lithuanian Nature Research Centre using known methods
[15].

Coring was carried out by using an ordinary gravity corer
with Plexiglas tube of 5 cm in diameter and 100 cm in length.
Sequential loss on ignition (LOI) is a common and widely
used method to estimate the organic matter (OM) and
carbonate matter (CM) content of sediments [e.g., 16, 17, 18].
The content of OM and CM were analyzed by sequentially
ashing samples at 550 OC for 4 h and at 900 OC for 2 h [18].
The dried and sieved (< 100 pum) samples (~ 1 g) were
digested with 50 % HNO; and 30 % H,0O, on a hot plate at
7045 °C [19]. Metal concentrations were measured by flame
atomic absorption (Perkin Elmer 503). The reliability and
accuracy of analytical results were checked using blank and
reference  (ISE  1998.3-921 [Wageningen Evaluating
Programmes for Analytical Laboratories], SLRSS-2 river
water, BCSS- coastal marine sediments; Analytical Chemistry
Standards NRC, Canada) samples. The results from the
analysis of SRM were all within the 95 % confidence level of
the SRMs. The average recovery varied from 82 % for Zn to
99 % for Cr (mean recovery for nine metals was 93 %).

I11l. RESULTS AND DISCUSSION

Lake Engure belongs to the transitional, accumulative-type
lakes. The thickness of the sediment layer with organic matter
accumulated after formation of the lake conditions varies from
1-2 m to 3 m in the northern part of the lake due to the uneven
relief of the lake depression bottom. The gyttja layer in the
largest part of the lake reaches 20-30 cm and mainly has been
formed at the second part of the Holocene climatic optimum.

The sediment composition changes within the last 100 years
very much reflect a changing environment in the lake basin
and the waterbody itself. At first, these changes might be
related to basic components of the lake sediments, such as
organic matter (OM) and carbonate content (CM) (Fig. 2).
Analysis of organic matter (OM) and carbonates (CM)
[estimated as loss on ignition (LOI) values in the upper layers
of the sedimentary phases (Fig. 2)] indicate significant
differences in the accumulation processes in the lake water
body, but, at the same time, these indicate an intensification of
accumulation processes within the last decades. A specific
feature of Lake Engure is a very high heterogeneity of
sedimentation conditions within the lake territory. In the
northern part of the lake (station 3) the OM content during the
last 50 years is randomly increasing, which is an indication of
the intensive, but stable production of organic substances and
their sedimentation, although the organic matter sedimentation
was less intensive than before 1960. In sediments from the
central part of the lake (station 2), the concentration of organic
matter increased till 1990, but during the last two decades it is
decreasing. In the southern part of the lake, organic matter
sedimentation conditions within the last decades have been
relatively stable. The content of carbonates has been stable in
the northern part of the lake, but both in the southern and
central part it has significantly increased during the last 50
years.

OM content, % CM content, %

0 50 100 0 10 20 30
0 0
:\ X E X4
X X
5 X #\ 5 / %
4 X
X X
T 100 = 1990
IX X X
X
10 A X 10 A xx
X
; !
b X X
£ 15 e 159
o X o X
e | 190 o X 1960
Q X Q X1
820-x\x 820-xx
X X
X X
X X
25 1% 25 {x
X X
x —o— 2 station x —e— 2 station
30 g —0— 3 station 30 g —0— 3 station
X —x— 1 station X —x— 1 station
)

35 -

Fig. 2. Concentration of organic matter (OM) and carbonates (CM) (estimated
as loss on ignition (LOI) in the upper layers of Lake Engures sediment
profiles (sampling sites in the lake body (3 - northern part; 1 - southern part; 2
— central part of the lake).
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Fig. 3. Concentration of biologically available phosphorous in the upper layers
of Lake Engures sediment profiles (sampling sites in the lake body (1 -
southern part; 2 — central part of the lake; 3 - northern part).

An essential element influencing the development of
biota in waterbodies is phosphorous (Fig. 3). Biologically
available phosphorus is especially important as it supports
eutrophication and the growth of macrophytes in the lake.
Phosphorous concentrations in the lake’s southern and central
parts are slightly increasing, starting from the middle of the
20™ century, but after 1990 phosphorus concentrations in these
regions of the lake decreased. However, in the northern part of
the lake, near the Mgrsrags canal, the concentrations during
the last 30-40 years increased significantly indicating a major
accumulation of phosphorus.
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Fig. 4. Concentration of major metals in the Lake Engure sediment profiles
(sampling site in the lake body — northern part of the lake).
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Fig. 5. Concentration of trace elements in the Lake Engure sediment profiles
(sampling site in the lake body — northern part of the lake).

To identify changes of major and trace element
accumulation character in lake sediments within the last
century, a study of the corresponding and dated lake sediment
profiles has been done (Fig. 4, 5). In very recent sediments Na
concentrations are relatively lower than K concentrations, but
in older sediments — K again prevail. Concentrations of Mg in
sedimentary records seem to be little changing during the last
centuries (Fig. 4), despite the character of changes from
chemical and geological behaviour in the similar element Ca.
For both elements relatively high concentrations are common
in deeper layers of the sediment profile, but Ca concentrations
also have a significant variability in recent sedimentary
profiles, indicating high natural variability of sedimentation
conditions and weathering of Ca containing minerals in the
lake basin.

Influences of geochemical processes are evident, if
analyzing differences in metal concentrations, especially in
case of Zn and Pb (Fig. 5). Decrease of concentrations is
remarkable for most of the studied trace elements associated
with human impacts during the last 50 years. On one hand,
this indicates to a low anthropogenic pressure, but, at the same
time, indicates how important impacts of naturally ongoing
geochemical processes are possibly influencing the elevated
element concentrations after building the Mérsrags Canal in
1842. The only element with an increasing tendency of values
in sediments within the last 50 years is mercury, which still
indicates to recent human impacts.

The Lake Engure sediment composition changes take place
at conditions when traditional low-intensity agricultural
activities in the lake basin are common (actually the lake basin
is relatively sparsely settled and forests and natural meadows
dominate). Thus the sedimentary records of their elemental
composition can make it possible to follow the changes of
human induced and natural loading coming from the lake
basin.
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Sediment accumulation conditions were changing during
the lake development. This is proved by changes in sediment
composition, including chemical parameters. Marine waters
flow into the lake through the Meérsrags Canal during the
autumn and spring periods. Strong winds promote active
mixing of the water layer and probably also influenced the
very upper soft sediments, because Lake Engure is very
shallow. This was also supported by LOI results, which point
to the mixed sediment composition. Lake eutrophication and
overgrowing processes started approximately before 5500
calendar years. The lithological composition of sediment
profiles show the sand sediment change by sand with organic
matter from the bottom part upwards which points to unstable
and changing conditions.

Trace and major element changes in Lake Engure
sedimentary profiles are influenced by processes happening
during the lake development, natural variability of the bedrock
in the lake basin, character of land use and human impact in
the last centuries. Sedimentation conditions in the lake, as
found by the sediment composition analysis of major
constituents (carbonates and organic matter) or nutrients,
demonstrates significant heterogeneity in sedimentation
conditions in different sub-basins of the lake and reduced
water flow mobility within the lake water body, due to
overgrowth with macrophytes.

Different element groups and their changes in sedimentary
profiles demonstrate differing behaviour, largely due to
impacts of their sources and processes influencing the element
accumulation character. Na and K concentrations are
influenced by their supply with water inflowing from the lake
basin, but Na concentrations are determined by inflow of
brackish waters through the M&rsrags Canal. At the same time,
K as a nutrient is consumed during the vegetation season by
macrophytes. As it can be seen in the example of Na and K
concentration distribution in the sediment profile (Fig. 4), the
pattern of K and Na concentration changes have an opposite
character — when Na concentrations increase K concentrations
decrease.

Relatively low concentrations of Na in very recent
sediments and higher K concentrations may indicate the
importance of the decay of higher vegetation litter and the
release of biogenic K, but, at the same time, impacts of
brackish waters from the Gulf of Riga on the sedimentary
composition can be considered as relatively low. A major
increase of Na concentrations has been found for sediments
from the depth of 30-50 cm, which roughly corresponds to the
period after building the Mersrags Canal in 1842, when, at
first, the lake level significantly decreased, but afterwards
inflow of brackish waters from the Gulf of Riga occurred. In
deeper sediment layers, K concentration again increases, but
Na concentration decreases. Historically, K concentrations
have been elevated, probably considering the biogenic origin
of K in the aquatic environment

Ca and Mg concentrations in sedimentary records differ
from those of all other studied elements and seemingly are not
much affected by anthropogenic pressures (Fig. 4), as far as
elevated concentrations are common for the deepest

sedimentary layers, when the intensity of carbonate mineral
weathering could be a major factor affecting the pattern of
changes of both elements. A significant variability of Ca
concentrations in recent sedimentary profiles probably
indicates high natural variability of sedimentation conditions
and weathering of Ca containing minerals in the lake basin.
Several studies [e.g., 20, 21] have shown that the primary
production of Charophyte beds can influence sediment
chemistry, e.g., promote precipitation of calcite. As the cover
of Chara is very dense in Lake Engure, calcite precipitation
promoted by Chara could be a possible explanation for higher
concentrations of calcium in the upper sediment layers.

Concentrations of trace elements like Pb, Co, Ni, Cu and
elements, the presence of which might be associated with
human activities (such as Zn), may help to identify human
caused pollution and help to follow human induced changes in
the pollution loading (Fig. 5). However, the present study
indicates the low recent increase of these contaminants in the
sediments of the Lake Engure.

The results obtained in this study reveal different
sedimentation conditions. As Lake Engure is a very shallow
lake, the upper part of sediments can be disturbed by waves
and bioturbation, therefore the interpretation of results is more
difficult than in deeper lakes. This study proves that
investigation of such a large shallow basin as Lake Engure is
complicated and produces diverse results, due to different
sedimentation conditions and local factors.

IV. CONCLUSIONS

Sediments in the lake depression and surrounding area has
been accumulated under conditions of changing basins of the
Baltic Sea stages, geological processes, climate and human
impact. Different sediment characteristics can be explained by
differing sedimentation conditions in a large basin. The
excavation of the Meérsrags Canal has caused changes in
sedimentation in the entire lake and has even been recorded in
the sediment composition. Pollution has been reflected by
concentrations of major and trace elements in sediment cores.

The metal concentrations in sediments of lakes in Latvia are
at background levels. This may be explained with geochemical
factors and the abundance of sedimentary deposits in the
drainage basins, as well as a minimal anthropogenic load. At
the same time, direct anthropogenic impacts are evident in
several places, which are related to influences of point sources
and transboundary transport impacts. Analysis of the
elemental composition of sediment profiles can provide
information about the changes of human induced and natural
loading within the lake basin.
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Maris Klavins, Ilga Kokorite, Maruta Jankévica, Valérijs Rodinovs, Liga Dreijalte. Cilvéka saimnieciskas darbibas izmainu rekonstrukcija pedéjos 300
gados, izmantojot Engures ezera nogulumu analizes
Vides piesarnojums ar mikroelementiem tick uzskatits par vienu no svarigakajam vides problemam. ST pétijuma mérkis bija analizét mikroelementu
koncentraciju no Engures ezera sedimentiem Latvija un analiz&t faktorus, kas ietekmé to pieejamibu. Ezera nogulumu slanu analizu rezultati var sniegt vertigu
informaciju par ezera attistibas gaitu, ka arT dabiskajiem un antropog€najiem procesiem un to mainibu ezeru sateces baseina. P&tjuma ietvaros tika ievaktas
nogulumu serdes, kas laboratorija tika sadalitas 1 cm biezos slanos. Siem paraugiem tika veikts datgjums pec *°Pb, analizéts organisko vielu, karbonatu un
metalu saturs. Engures ezeram raksturigi loti heterogéni sedimentu uzkrasanas apstakli, ko raksturo atSkirigs ezera nogulumu slanu dzilums un to fizikali-
kimiskas 1pasibas, pieméram, nogulumu analizes liecina, ka ezera dienvidu un centralaja dala pie Dzedrupes ietekas ped&jo 100 gadu laika ir pieaudzis karbonatu
saturs, bet pie Mérsraga kanala to koncentracija nav butiski mainijusies. Metalu koncentracijas Engures ezera nogulumos vértéjamas ka loti zemas, pasi,
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salidzinot ar Rietumeiropas ezeriem. Zemais smago metalu saturs nogulumu augs&jos liecina par nelielu antropogéno slodzi, ka arT var noradit uz dabisku
geokTmisko procesu izmainam ezera sistéma péc Mérsraga kanala izbiives 1842. gada.

Mapuc Kassunbm, Hnara Kokxopure, Mapyra SnkeBuna, Banepuii Pomunos, Jlura [peiisiiite. PekoHCTpYKUUS XO0351HCTBEHHOH /eATeIbLHOCTH
yesioBeKa 3a nocyeanue 300 JeT Ha 0OCHOBE AHAJIN3A JOHHBIX OTJIO0KEHHIi 03epa JHrype

3arpsi3HEHHUE OKPYXKAIOIIEH CPE/ibl MUKPO3JIEMEHTAMH SABISACTCS OJHOM M3 BaXKHEHIIMX mpobiieM okpyskatomiei cpenpl. Llens 310l paboThl — NpoBecTH aHaIN3
KOHIICHTPALIUi MHUKPODJIEMEHTOB B OCajKax o3epa JHrypec B JlaTBuU M NpOaHAIU3HPOBATH (AKTOPbI, KOTOPBIA BIMSIOT HAa HUX. AHAIM3 JTOHHBIX OTJIOKCHHUIH
MIO3BOJISIET HOJMYYUTh IEHHYI0 MHGOPMAIMIO O Pa3BUTHU 03€pa, a Takke 00 M3MEHEHHH NPUPOAHBIX U aHTPOIOTEHHBIX IPOIECCOB Ha BojgocOope osepa. B
paMKax HCCIe0BaHUs OBUIH OTOOpAaHBI KOJIOHKH OOpa3LOB MIOHHBIX OTJIOXKEHHI pa3sHOM TIyOWHBI, KOTOpPBIC [OTOM B JIaOOPaTOpPUH pa3lelieHbl Ha CIIOU
tonumHol 1 cM. B 3Tux 06pasuax ObUIM NpoBeleHbl aHaM3bl JaTupoBanHus usororna 210Ph, a Taxke aHaIM3bl OPraHMYECKOrO BELIECTBA, KOHIEHTPALUU
KapOOHATOB M TSDKENBIX MeTawIoB. [l o3epa DHrype XapaKTepHBI OUCHb HEOJHOPOJHBIC YCIIOBHS HAKOIUICHHS JOHHBIX OTJIOXKEHHMI, X ITyOuHa U (HU3UKO-
XUMHYecKui coctaB. Hampumep, B cocTaBe OTIOXKEHHMIT I0XKHOI 4acTH o3epa M B IIEHTPaJbHOIL, B 30He BIMSAHUS mpHuTOKa [[3empyme 3a mocnennue 100 mer
BO3DPOCIIO CoAepkaHHe KapOOHATOB, B CEBEPHOM YacTH y KaHana Mepcpara MX KOHIIEHTPALUM CYLIECTBEHHO HE M3MEHSUINCH 3a 3TOT nepuoi. KoHueHTpaimun
TSDKETIBIX METAa/UIOB B JIOHHBIX OTJIIOXKEHHS O3epa DHIype MOXKHO OLICHHTh KaK HHM3KHE II0 CpPaBHEHHUIO, Halpumep, ¢ o3epamu 3amanHoil Eepomsl. Taxue
KOHIIEHTPAIlUH TSDKENIBIX METa/UIOB B BEPXHUX CJIOSIX JOHHBIX OTJIOKEHHIH CBHAETENBCTBYIOT O HU3KON aHTPOIIOTEHHOH Harpys3ke Ha BOJOCOOp o3epa M B TOXeE
BpEMS YKa3bIBalOT HA U3MEHEHHUS €CTECTBEHHBIX F€OXMMHYECKUX IPOLIECCOB B 03EPHON IKOCUCTEME T10CJIe POphITHs KaHana Mepcpara B 1842 rony.
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