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Accumulation of Metals in Sapropel
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Abgtract: Concentrations of 13 metallic elements were
determined in organic rich lake sediment profiles fom three
lakes — Padlis, Pilcines and Pilvdu (Latvia). Concentrations of
metallic elements are related to the basic chemicg@roperties of
sapropel- moisture, organic matter, carbonate contg and
elemental composition. Sapropel from the studied lkes is not
polluted by industrial sources and can be considete as
prospective material for agricultural and other applications. The
heavy metal concentration depends on the organic riar content
of the sediment and the geochemical properties (cquosition of
minerals, rate of their weathering, hydrological anl
climatological conditions) of the lakes’ catchment areas.
Increased concentrations of Pb and Cd are found inpper layers
of sediments from anthropogenic pollution.
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| INTRODUCTION

Studies of lake sediment composition not only migivieal
changes in lake formation conditions, but alsoeaflhuman
impacts [1, 2]. This study aims to reconstruct e¢lelution of
aquatic ecosystem of lakes in Latvia in the pastjdtermine
the anthropogenic stress in the upper sedimentdd@e4], as
well as get an insight about natural accumulatibmetals in
lakes.

Another reason of the importance of organic rickela

(medicine mud, animal feed additives and fertiker
furthermore the element concentration unevenness
sediments may decrease product quality.

The main sources of metals in the aquatic enviroriraee
the weathering processes of rocks, but in recemirsye
significant source is industrial wastes, diffusdyimn source
and atmospheric deposition [9]. Metal distributiatata
throughout the sapropel layer will assess the inpaic
anthropogenic stress on the lake’s ecosystem atatnoi@e
the contamination of organic sediments with heaejats, as
well as define the concentration of metals in sppltayer.

The aim of this study
concentration across the thickness of the sedimaitaree
lakes in Latvia.

Il MATERIALS AND METHODS

A. Site location

Full sediment profiles from three lakes in Latviare used
in this study. The lakes— Palid, Pilcenes and Pilve — are
located in Rzekne district, Latgale region (Fig.1).

All the lakes are inter-hilly water bodies and inigm
belong to the glacial type. The water surface afesach lake
does not exceed 10 hectares, and the sedimenthi#liakes’
trench for more than 80%.

Sampling points were selected by the lakes’ charitics

sediments studies can be related to their appditatiand preliminary data for sapropel layers in thesgilocation.

possibilities since sedimentary deposits of eutioghkes
generally have a high organic matter content (ald®és) [5],

and they can be used as equivalent to peat irreliffdields —
balneology, agriculture, livestock farming and dirg. These
sediments are called sapropel. Sapropel depositsiei on
the lake’s bottom from water plants, plankton arehthic
organism remains, were transformed under influende
bacteria and mixed with mineral components. Saprbps
finely dispersed and plastic structure; the coledrom light

pink to dark brown [6]. Sapropel in natural statéhwhigh

content of phosphorus has dark blue colour; aftgingd it

becomes bright blue.

The distribution of metallic elements across thprepel
layer can be effective in evaluating potential opaities for
the usage of these sediments; as in the hydroemagnt less
than 0.1%, but more than 99.9% of the dissolvedalmah
water are accumulated in the bottom deposit inocdl or
suspended phase [7]. Thus, depending on metal staten
during sapropel formation in water bodies and padties of
sapropel formation, the concentration of metallengents can
be distributed unevenly across the sapropel layer.

Enhanced metal concentration in the upper laysapfopel
deposits can affect the benthic organisms and becam
contamination source for higher plants and aninj&ls8].
High metal concentration in the upper layers ofrepgl can
affect its usage potential as raw material for masi products

After sampling the specimens were cut into 10 cyels
and stored in frozen condition at -20°C before yses.
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Fig. 1.Map of the sampling area

B. Methods
Loss on ignition (LOI) method was applied in order

estimate moisture, organic matter and carbonatetemat

content in the sediments [10]. At first, the moistuof
sediments was determined after drying at 105°C. ddment
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of organic and carbonate matter was analyzed byngsh
samples sequentially at 550°C for 4 h and at 9G6F@ h.

of organic matter decreases with sediment depétylidue to
organic matter mineralization. The lowest organiatter

Metal concentrations were measured by flame atomoontent is in the sapropel of R#id Lake (Table 1) — 41% on

absorption (Perkin EImer 503). The reliability aacturacy of
the analytical results were checked using blank reference
samples (ISE  1998.3-921 (Wageningen
Programmes for Analytical Laboratories), SLRSS-2erri
water, BCSS- coastal marine sediments; Analytidsr@istry
Standards NRC, Canada). The results from the arabfs
SRM were all within the 95 % confidence level oé tBRMs.
The average recovery varied from 82 % for Zn t&®%r Cr
(mean recovery for nine metals was 93 %).

Carbon, hydrogen, nitrogen and sulphur concentiatio
sapropel samples (elemental analysis of C, H, Nw&de
carried out using an Elemental Analyzer Model EA81
(Carlo Erba Instruments) by combustion-gas chrograijghy
technique. The instrument was calibrated usingrygSigma
— Aldrich Inc.), and all the sapropel samples wamalyzed in
duplicate. Ash content was measured after heatthgn§ of
each sapropel sample at 7Gdor 8 h. Elemental composition
was corrected considering the ash content, butothgen
amount was calculated as a difference.

Ill RESULTS AND DISCUSSION

Sapropel is a fresh water sediment material withaoic
matter content of more than 15%. This parametegrdenes
sapropel value and application potential — the misrehe
organic matter in the sapropel, the more valuabie &nd the
better are the possibilities for its use. Combustb different
temperatures provides information on mass losse®isture,
organic matter and carbonate content. Sapropel avitligh
content of organic matter is in PilueLake at a depth of 0.0 to
3.8 m, the ash content is below 35% (Table 1). #ardasing
carbonate and ash content is observed in the selpudp
Pilvelu Lake in the layer of 1.4 to 2.0 m, where the aiga
matter is decreased up to 62%, but carbonate doistdn2%
on average. The average carbonate amount is Z.20epth
of 2.5 to 2.8 m that may indicate the hydrologicatjime
changes in the lake. In Pilyeand Padis Lakes the quantity

average, but the high carbonate content — up to 38%
indicates that there is carbonatic sapropel in ldig. In the

Evaluatingapropel of Pilcenes Lake the organic matter carieeb5%

on average, moisture range is from 81% to 91%, create
content is 2% on average. Correlation between dyaot
organic matter and its moisture is observed irsgdiments of
all the three lakes — if organic matter contentéases so does
the sapropel moisture. This is due to colloidalcture of
sapropel organic matter and the ability of orgamiatter to
bind water [11].

1.TABLE

THE CHARACTERISTICS OF MOISTUREORGANIC MATTER AND CARBONATES
CONTENT IN STUDIED SAPROPEKMIN —MAX (AVERAGE))

Lake Moisture, % | Organic matter, % | Carbonates, %
Padelis 74— 94 (83) 15 — 94 (41) 1-38(26)
Pilcines 8191 (89) 28 — 68 (55) 0.76 - 6.91 ()
Pilvelu 71-95 (93) 16 — 94 (83) 0.25— 1.8 (0.85)

The percentage of the carbonate, hydrogen, nitrageh
sulphur content has been analysed in the elemental
composition of sapropel of the lakes.

The elemental composition analysis of sapropel iges/
information about distribution of elements (C, H, ®, S) in
organic material, as well as gives indirect evidsnaoof
sedimentary materials origin and its charactesstic

It is known that the composition of phyto- and zoo-
plankton, as well as the benthic organisms haveejpro
content with a large amount of nitrogen, but mabgdes are
mainly composed of carbohydrates. It is assumed tha
plankton and benthic organisms form nitrogen rietiments
and sediments with low nitrogen content were fornisd
highest coastal plants, algae and, in part, by hbenic
substances from the catchment areas [9].
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As can be seen from the graphs (Fig. 2), nitrogement in

various organic sediments of the lakes is in theyeaof 0.1-
0.4% in the high-ash and carbonate sediments,.6%-in the
medium-ash sapropel (ash content of 35-50%) an@.5% in
low ash sapropel (ash content less than 35%). Hgdras in
the high-ash sediment in the range of 0.1-1.1%,tha
medium-ash — 1.7-2.3%, in the low-ash —-3.1-5.9%e Th Pilvelu,
concentration of carbon in the carbonate sapropeés in the
range of 2.1-6.6%, in the medium-ash — 8.4-19.2%iarthe
organic sapropel —31.5-48.3%.

In the studied samples the sulphur concentratioes det
exceed 0.47%; this higher concentration is obseiveaganic

sapropel.
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Fig.4. The distribution pattern of heavy metalsapropel from Paiis Lake

The carbon and nitrogen ratio is commonly used for
material characterization of sapropel origin (Fig). In
assessing ratio of numerical values it is posdibldiscuss the
origin of organic material: C/N ratio 7-11 is commdor
macrophytes, while C/N ratio >20 is common for astrial
vegetation [12, 13].
Pilcenes
arecharacterized by different changes of C/N rdftee ratio
of the sapropel of Palis Lake has tendency to increase with
depth, in Pilvéu — to decrease, and in Pilcenes Lake to
decrease in the first 1.5 m, but in the ratio &flthwer layers —
to increase.

profiles
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The decrease of metal concentrations in the dedggsts land use in the catchment area, and the influencsapropel
of Pilcenes Lake might be explained by the contidmuof application in medicine and agriculture [9].
undecomposedcoastal plants in the formation ofstyopel Metal concentrations (Fig. 3 to 7) for all the #hriakes’
mass. However, in the organic matter of #adLake the sediments vary over a wide range, indicating tleatirments
impacts of macrophytes can be observed only ifitbiemeter formation took place at different environmental dibions
of the surface sediments, where the character afigds can varying not only among the lakes,but also in theesavater
indicate the eutrophication process. A tendencinofeasing body at different times.

C/N ratio with depth can be observed in Plilveake In the sapropel of all the three lakes the highestal
indicating that the origin of humic substances &mn concentrations have natural origin: magnesium,iwalcand
emerged and floating macrophytes and terrestréaitpl iron (Fig. 3, 5, 7). High concentrations of Mg up 5752

The analysis of metal contents in the sedimentviges mg/kg and Ca up to 34986 mg/kg are observed irelRad
information on natural and anthropogenic origintted metal Lake’s carbonate sapropel.
flow in the lake’s ecosystem, drainage conditi@isanges in
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Correlation of metal elements in all the lakes e full ash increases till 68.20%, but metallic elementsd an
profile of sediment showed that metals of naturaio such carbonates content are low. The sample ash viespkection
as Fe and Mg are associated with K, and Ca — wgh[M]. shows high silicate admixture and thus might beocased
This is because these elements in sediments arelymaiwith increased loadings from lake basin.
retained with runoff from the catchment basin, &l as from In Pilvelu Lake sediment profile the metals Mg, Fe, K,Cr,
groundwater, where their source are rock weathgsngh as Co, Ni, Cu in the deeper layer are characterizechigper
calcium andmagnesium) due to erosion of the doksnitconcentrations of sapropel deposition, while ab317to 3.50
(CaMg (CQ)y);however, if Ca and Mg is not related, them they are decreased rapidly (Fig. 7, 8). It intisathe
source of calcium most likely is calcite (CagPotassium in increasing input of metals in the sediments by natu
water and sediments mainly comes from the weatheoin conditions (weathering, runoff from the catchmentaa
orthoclase, biotite, feldspar and silvinit, thougfly biotite (K  groundwater flow). The largest fluctuations arelia Na, Cu
(Mg, Fe}[Si,AlO4g (OH, F),) of these minerals contain Fe,and Ca concentrations. Lead concentration growtibserved
Mg and K. In the sediment of Pelid Lake at a depth of 0.75 at 0.50 m depth, but at 0.10 m depth it is reduddik can be
to 1.5 m the amount of Mg, Fe, K, Cr, Co, Ni, Pl &n is attributed to anthropogenic pollution [15], but @am and
increased. As in the example of Pilcenes Lake tg@dr manganese concentrations increase in the uppeopspr
changes in metal concentration in two meter deggrlean be layers and can be related to natural processes.
explained by the drastic environmental conditioarges. The

Na, mg/kg Mg, mg/kg K, mg/kg Ca, mg/kg Fe, mg/kg Mn, mg/kg
30 60 90 120 250 750 1250 0 500 1000 5000 10000 0 3000 6000 50 100 150

168
{972 0/

2

0.0
0.2
04 -

3
7
\
0.6 .,
0.8 - \
_/
N

=)
&

N \ o~
\Ifi

1.0 4
1.2 4
1.4
1.6 .
1.8 - 125+
20

22

24 -
26 -
2.8 4
3049 #
3.2 A
3.4 -
3.6

3.8

oo,
I
)
=1
—————8—
_—e—0—e—0
._._—-—«l——‘.\.__.\
=)
S
<
o,

Depth, m
—
AN
YAV

.
./n/l'— '\._’./o\./,\./

Vo
_
-
/
-

/

.
.. - . (J

1495 1321 A 7688

Fig.7. The distribution pattern of major elememtsapropel from PiNMe Lake

N
/.—o/'.‘.\"\.—.—c_.__./

/Q

Cr, mg/kg Co, mg/kg  Ni, mg/kg Cu, mg/kg Zn, mg/kg Cd, mg/kg Pb, mg/kg
0 10 20 300 2 4 6 0 15 5 10 15 2025 75 125175 03 05 07 09 0 5 10152025

\ ( ~

y . 242 *
/

o

35

o
-
et
S
3
o A
—o

e,
&
=)
=,
=
0
.

/.-\.-n-l—--u.__
<
o

\l——.

e

\/

=)
‘__.,o-_../'\-o
" e /0
o
.,
\.
\.
e
.
=
/ :
\ e
L
/'_""./c:\.\ e t—e—t—— " *
< -

Depth, m
(35 9 —
s o) oo
T~e—e
./
s/ 0\
o«
/.\-\_./.

\.
AN

N\ E

N\
\

=
(=]
g '\.
=
—*

/

i, ( \76
~gl ~

Fig.8. The distribution pattern of heavy metalsapropel from Pilviel Lake

*
2
~
)

103



Material Science and Applied Chemistry

2012/ 26

At approximately 2 m depth of sapropel of Pilceheke 3.
sediment profile the amount of Na, Mg, Fe, K, Mm, Bi, Cu
and Zn is increased (Fig. 5, 6). Rapid changes &tam
concentrations may be associated with the lake retel
fluctuations and recycling of nutrients [15].

Anthropogenic metals as Cr, Cu, Co, as well asrieeGa —
of natural origin — are correlated with Ni; it che explained ¢
by the fact that Ni can have both natural and apthgenic
origin.

To assess the ecological condition of sedimentsetiheavy
metals — Cr, Co, Ni, Cu, Zn, Cd and Pb — were cosgpavith
the allowed maximum concentration of heavy metalshie s.
soil [16]. Cr, Co, Pb, Cd concentration does nateexl the

»

maximum allowed limits; however, Cd and Pb aredased in
the upper layers of sediment, indicating their espibgenic
origin. Cd, Pb and their compounds present in tkieaest
gases of internal combustion engine makes one eofnthin  10.
indicators of human impact on lake ecosystemsebs®d Ni
values — up to 35.7 mg/kg (permissible soil coneeian is 30
mg/kg) — were observed in Pilcines Lake sedimenhtsdepth 11.
of 1.2 to 2.4 m. Ni concentrations in the upperelay of
sediments of all the three lakes are below the maxi permit
limits and less than in lower layers, indicatinge thatural 4,
origin of Ni in the sediments. Slightly increased

concentrations of Zn — 179 mg/kg (permissible cairation

in soils is 150 mg/kg) — were found in Pilcines kat a depth 1%

of 1 m of sediment layer, and in PilueLake at a depth of 3 m
— 198 mg/kg. Zn concentrations range from 7 mgikgPb
mg/kg in the upper layers of the lakes sedimenichvis the
maximum allowable concentration, indicating thatitrly Ni
and Zn are of natural origin.

16.

IV. CONCLUSION

The sapropel elemental analysis of the entire sedlitayer
showed that lake sediments in comparison with peat a

14.
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MK noteikumi Nr. 362. Noteikumi par noteldezudizuun to
kompostuizmantoSanu, monitoringu un kontratidtisaskaaarlikumu
“Par piedrpojumu” 11.panta ofisddas 11.punktu. 2006.

higher N concentration, which can be explained be t
chemical differences among sapropel-forming and t-peal
forming organisms.

Higher concentrations in organic lake sediments ar|
common for metals of natural origin — Ca, Fe and Mbich
is discharged into water bodies as a result of meelthering
in the lake catchment area. Heavy metal conceotrsti
compared to its maximum permissible concentrationsoil
showed that the sapropelic sediments are not camédea. In
some layers the slightly increased Zn and Ni commagons
are associated with the impact of natural rock hexang. Pb
and Cd increase in the upper layers of sedimertiate
anthropogenic impacts growth on lake ecosysteraplige the
metal concentration is low and does not cause adweffects
to aquatic organisms in the lakes
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Karina Stankevi¢a, Maris Klavin$, Liga Ratipa. Metalu akumulacija sapropda sasfiva

Metalu koncenticijas ezeru nogulumos dod i€gp rekonstrét idens ekosisas afistibas gaitu pagne, noteikt antropognas slodzes
izraigto piedrnojumu vir€jo nogulumu glnos, veidotsediimisku apskatu dgiko sknu nogulumiem, iegstot inforn&ciju par meilu dabisku
akumuliciju adens baseinosakai priekSstatu par nogulumu i&@mo izmantoSanu. Dotajetijuma tika analiztas 13 meilisko elementu
koncentacijas trijos Latgales ezeru orgaro@ nogulumu profilos. Papildus nogulumiem tika vaikargSanas zuduma afzé, kas pada
nogulumu mitrumu, pelnu un karb@io saturu, K af elementsadva anaize, kas sniedz inforfgiju par saprop@ organisko matediu
veidojoSo elementu proceta sadafjumu, ka af netieSi liecina par nogulumu izcelsmes materun & ipadbam. Rezuliti uzradija, ka
lielakas koncenficijas ir daligas izcelsmes ndiem — Ca, Fe, un Mg, kas ezaroluvusi ieZu ddeSanas rezuidta no ezera sateces baseina
teritorijam. Smago méatu koncentiicijas, saidzinot ar pi¢aujamo smago mat koncenticiju augs®@s, uzidija, ka saproda nogulumi nav
piesarpoti ar smagajiem maliem. Dazos nogulumu @jos konstata paaugstifita Zn un Ni koncenicija, kas skaidrojams ar iez@d#Sanu,
kas satur Sos ntis. Cd un Pb augitas koncenticijas nogulumu virgos sknos liecina par gdéja 100 gadu laik cilveku radto ietekmi uz
ezeru ekosistmu. Tongr So meilu koncentiicijas nefarsniedz pigaujamo maksimumu un nerada nekligas sekas ezerdZvojoSiem
organismiem. Saprojee elementsaad¥s uzidija, ka sapropgl saidzinot ar Kidru, ir augstka skpeKa koncenticija. Tas skaidrojams ar
sapropéa un kidras veidojoso organismiamiska sasiva atiribam.

Kapuna CrankeBuua, Mapuc Knssunpu, JInra PyTuns. AKKyMy/Isiliis META/LJI0B B COCTABE Canponeis

W3yuyeHne KOHIEHTpALMM METAJVIOB B OTJIOKEHHSAX INPECHOBOIHBIX BOIOEMOB [ETAa€T BO3MOXKHBIM PEKOHCTPYKIMIO PAa3BUTHS BOJHON
9KOCHCTEMBI B MPOIIJIOM, YCTAaHOBJIEHHE aHTPOIIOTEHHOTO BIHUSHUS Ha BEPXHHE CIOH OTIOXKEHHH, CO3/IaHHE Te0XUMHYECKoro od3opa Goiee
IITyOOKHX CJIOEB JOHHBIX OTJOXKEHHUH, a TaKk *e JaeT MPEACTaBJIEHHE O BO3MOXHBIX IyTAX HCIOJIb30BAHHUSA 3TUX OTIOXKEHHH. B naHHOM
UCCIIeJOBAaHUH OBbUIM YCTaHOBJICHBI KOHLEHTpAMK 13 MEeTauIoB 10 BceMy NMPO(QHII0 OPraHMYeCKUX TOHHBIX OTJIOXKEHHAX Tpex JlaTraabekux
o3ep. JlonmonHUTENbHO ObIIa YCTAaHOBJICHA €CTECTBEHHAS BIAKHOCTH, 30JBHOCTD M KOJIMYECTBO KapOOHATOB, a TaK K€ HJIEMEHTApPHEIH COCTaB
camporneis, KOTOpbli JaeT NpeCTaBICHHUs O IMPOLECHTHIBHOM COOTHOLICHUU JJIEMEHTHOIO COCTaBa OPraHUYECKOW 4YacTH OTJIOKEHUHA U
KOCBEHHO CBHUJICTEIBCTBYET O INPOMCXOXICHUH Calpolels M ero CBOHCTBax. PesynbraTel mokasamm, 4TO B campolesne caMmble OoJbIIue
KOHIICHTpaUH 3aHUMaioT Metauisl — Ca, FepMg— npupoaaoro npoucxoxaeHust, KOTOphIe MONafaloT B 03€pO IPH BBEIBETPHUBAHUN TOPHBIX
MopoJ B BOAOcOOpHBIX OacceitHax o3ep. KoHIeHTpanuy TsKENBIX METAIIOB [0 CPABHEHHIO C MPEJIEIbHO JOMYCTUMBIMU KOHIEHTPALUSIMHU B
MOYBaX MOKA3ajx, YTO CANpoIeNeBble OTIOKEHHUS HE 3arPsI3HEHBI TSHKENBIMU MeTalIaMi. B HEKOTOPBIX CIOAX JOHHBIX OTJIOXKEHHH HECKOIBKO
yBeIn4YeHbl KOHIEHTpauuu Znu Ni, 9T0 OOBACHSICTCS BBIBETPUBAHMAM TOPHBIX MOPOX COICPKAIIMX OTH METAUIbl. bojee BBICOKHE
koHueHrpamu Cdu PDB BepxXHHX CI0SX TOHHBIX OTJIOKCHHSX YKa3bIBAIOT Ha BIAMSIHHE YETOBEKa Ha 9KOcHCTeMy o3ep B mociexuue 100mer.
OzHaKO KOHIEHTPALMK YTHX TSKEIIBIX METAJIOB HE NIPEBBIIAIOT JOIyCTUMOI0 MAKCUMyMa M HE OIACHBI AJIS )KUBBIX OPraHU3MOB, JKUBYIIUX
B 03epax. DJIeMEHTapHbIH aHAIN3 JOHHBIX OTJIOXKEHMH ITOKa3all, YTO B calpoIeie 110 CPaBHEHHIO ¢ TOphoM Ooiee BHICOKAsh KOHIEHTPAIHS
a3oTra. JT0 OOBACHACTCS Pa3IMINeM XHMUUECKOTO COCTaBa OPraHM3MOB, (POPMUPYIOIINX Calpomels U Topd.
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