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GEOCHEMICAL ANALYSIS OF BELARUSIAN LAKES BOTTOM
SEDIMENTS

Eukaszow O. W., Wtasow B. P., Zukowskaja N. W. Analiza geochemiczna jeziornych osadéw dennych Bialorusi. Prze-
prowadzono analize danych dotyczacych zawarto$ci pierwiastkow sladowych w sapropelach réznych typow (krzemion-
kowe, organiczne, weglanowe) oraz we wspotczesnych osadach dennych jezior na Biatorusi. Stwierdzono statystycznie
istotne réznice pod wzgledem zawartosci Ti, Zr i Ba w sapropelach organicznych oraz V, Mn i Ba — w weglanowych
w réznych prowingjach geochemicznych Bialorusi. Za pomocg metody komponentéw gtéwnych wydzielono asocjacje
pierwiastkow sladowych we wszystkich analizowanych typach osadéw. Sapropele krzemionkowe i wspdtczesne osady
denne cechuja sie podobna strukturg oraz sktadem asocjacji pierwiastkow sladowych. Pierwiastki asocjacji pierwszej (V,
Cr, Co, Ni, Cu, Pb) koncentruja sie gtownie w drobnych frakcjach. Asocjacja druga sktada sie z pierwiastkéw mato-
ruchliwych (Ti, Zr, Nb). Mn z kolei tworzy asocjacje trzecia, oddzielna, co moze mie¢ zwigzek z dominujaca ruchoma
forma jego wystepowania w jeziornych osadach dennych.

Aykameés O. B., Baacos b. I1., XKykosckas H. B. T'eoxnmmaecknii aHaan3 AOHHBIX OTA0XKeHUI1 o3ep beaapycn. Bri-
MOAHeH aHaAU3 JaHHBIX COAEP>KaHUA XMMUYECKUX DAEMEHTOB B CAallpOIeAsX Pa3AMIHBIX TUIIOB (KpeMHe3eMUCThIe,
opraHmMyeckue, KapOOHaTHEIE) I COBPeMEeHHBIX AOHHBIX OTAO0XKeHIsAX o3ep beaapycu. ¥YcraHOBAEHBI CTaTUMCTUIECKM 3HA-
YUMBle pasANuMsl MeXAy TeOXMMUYecKUMM nposuHumamMu beaapycu no cogepxanuio Ti, Zr, Ba B opranmuecknx ca-
nporeasx n V, Mn, Ba B kapoonatssix. C IOMOIIIBIO MeTOAA TAaBHBIX KOMIIOHEHT BblAeJeHbI acCOLMalli XMMITIeCKIX
91€MeHTOB BO BCeX aHaAM3MPYeMBIX TUIIaX 0caakoB. KpeMHeseMuCThIe carporieay ¥ COBpeMeHHbIe AOHHbIe OTAO0KeHI s
XapaKTepU3yIOTCsl CXOXKeN CTPYKTYPOIl 11 COCTaBOM acCOIIMAIMil XMMIYEeCKUX DAeMeHTOB. DAeMeHTHl I1epBOIi accolya-
unn (V, Cr, Co, Ni, Cu, Pb) KoHLIIEHTpUPYIOTCs IIPeUMYIIIECTBEHHO B TOHKMX Qpakijusix. Bropas accormans cocTouT us
Mazao10aBVKHbEIX D1emMeHToB (Ti, Zr, Nb). Mn oGpa3syeT oTAeAbHYIO acCOIMAIINIO, YTO MOXKET ObITh CBsI3aHO C Ipeoba-
AalolIIielt TTIOABUKHON POPMOIL ero HaXOXKAEHIS B AOHHBIX OTA0KEHISIX 03€ep.
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Abstract INTRODUCTION

The trace elements contents and distribution features in
sapropels (siliceous, organic, carbonate) and lakes bottom
sediments of Belarus are presented. Statistically signi-
ficant differences have been established between the
geochemical provinces on the contents of Ti, Zr, Ba in or-
ganic and V, Mn, Ba — in carbonate sapropels. Using prin-
cipal component analysis the elements associations in
all the analyzed sediments types have been identified.
Siliceous sapropels and modern bottom sediments are
characterized by the similar structure and composition

Trace element composition of the bottom sediments
of lakes is determined by a complex interaction of va-
rious factors: the lithologic-petrographic and geoche-
mical features of the catchments rocks, its land-
scape structure and economic maturity; the level of
production-destruction processes in the lake; its mor-
phometric features, that is all the factors controlling
sedimentation of organic and mineral substances.
In this regard, percularities of the trace elements accu-

of the geochemical associations. The elements of the first mulation and relations between them appear to be
association (V, Cr, Co, Ni, Cu, Pb) are concentrated main- most informative indices in the analysis of geo-
ly in the fine fractions. The second association is compo- chemical environment as the water body and its

sed of the slightly mobile elements (Ti, Zr, Nb). Mn has catchment.
made up the separate association that can be explained
by predominant mobile its form in the lakes sediments.
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MATERIALS AND METHODS

In the present study we have used data from the two
large-scale geochemical surveys carried out in Bela-
rus. The first is the result of different sapropels types
study sampled from the 256 Belarusian lakes in the
last two decades of the XXth century (fig. 1). The to-

tal sample consists of 590 examples of which 215 are
siliceous sapropels, 161 are organic sapropels, 134 are
carbonate sapropels and 80 are mixed sapropels.

The second is the result of the modern bottom se-
diments study collected during the 2000-2014 years
within the monitoring of Belarusian lakes. The total
sample consists of 111 examples (fig. 2).
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Fig. 1. Sapropel sampling locations
Rys. 1. Lokalizacja miejsc poboru prébek sapropeli:
1 — krzemionkowe, 2 — weglanowe, 3 — organiczne, 4 — mieszane
Puc. 1. Onpobosanne canporneaeii beaapycn:
1 — xpeMHe3eMIICTHIE, 2 — KapOOHaTHbIe, 3 — OpraHmndecke, 4 — cMeIIaHHbIE

Analytical determination of trace elements (Ti, V,
Cr, Mn, Co, Ni, Cu, Zn, Zr, Ba, Pb) were performed
by emission spectral analysis methods described by
ZYRIN, OBUKHOV (1977).

Statistical data analysis included the variable dis-
tribution assessment with the help of histograms, nor-
mal quantile-quantile (Q-Q) plots and fitting criterions
(the Kolmogorov-Smirnov test, the Shapiro-Wilk test),
as well as data transformation, calculating descriptive
statistics, the Kruskal-Wallis test, correlation analysis
and factor analysis. The main statistical software in
use was SPSS (v. 17).

To obtain a normal distribution and the use of pa-
rametric methods there was applied the logarithmic

transformation in the case of log-normal distribution
and square root transformation at the gamma distri-
bution. The suitability of the data for factor analysis
was assessed with Kaiser-Meyer-Olkin (KMO) mea-
sure of sampling adequacy and Bartlett's test of sphe-
ricity.

Factor analysis was performed on the base of the
correlation matrix, the method of principal components
(PCA). Varimax orthogonal rotation was applied to
the PCA in order to minimize the number of variables
with a high loading on each component and to faci-
litate the results interpretation. All principal compo-
nent extracted from the variables were retained with
eigenvalues as suggested by the Kaiser criterion.
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Fig. 2. Sediment sampling locations:
Geochemical provinces: I - north, II — central, III - south
Rys. 2. Lokalizacja punktow poboru wspoétczesnych osadéw dennych:
Prowincje geochemiczne: I — péinocna, II - centralna, III — poludniowa
Puc. 2. OnnpoGoBaHme coBpeMeHHBIX JOHHBIX OTAOXKEHUIT 03ep::
l'eoxnmmyeckne nposunnmn: I — cepepnas, I — nenrpaasnas, 111 — roxxHas
RESULTS AND DISCUSSION re of the territory, the main features of the material
differentiation during the transport, weathering fea-
Sapropels tures in different periods and modern geological pro-

The total contents of trace elements (Ti, V, Cr, Mn, Co,
Ni, Cu, Zr, Ba, Pb) in different types of sapropels in Be-
larus have been studied. The contents of trace elements
in the ash of sapropels fluctuate within (mg/kg):Ti —
<10-6 000, V —<1-300, Cr—-1-360, Mn —10-10 000,
Co -1-70, Ni-1-170, Cu—1-400, Zr —3-2 000, Ba -
30-20 000, Pb — 1-1 000.

There is detected a tendency for a number of exa-
mined elements (Co, Ni, Cu, Ba, Pb) to reduce the to-
tal concentration among organic — siliceous — car-
bonate (fig. 3). The maximum Mn content is observed
in the ash of carbonate sapropels, Ti, V, Zr — in sili-
ceous, indicating the terrigenous nature of their accu-
mulation predominantly.

To study the spatial differentiation of sapropels
geochemical compositions relevant data were grouped
according to three lithogeochemical provinces of Be-
larus. These provinces reflect the geological structu-

cesses (Geochemical provinces..., 1969). The correspon-
ding average content in different sapropels types
from three geochemical provinces of Belarus is pre-
sented in the table 1.

Kruskal-Wallis test was used to compare the
geochemical provinces on the contents of trace ele-
ments in different sapropels types. This test is con-
sidered as the most effective for samples with a sub-
stantially different amount of observations. Statisti-
cally significant differences have been established be-
tween geochemical provinces on the contents of Ti,
Zr, Ba in organic and V, Mn, Ba —in carbonate sa-
propels.

One of the tasks of the geochemical study is to
isolate and analyze of the chemical element associa-
tions. Geochemical associations attainments are an
effective tool for assessing the behavior of chemical
elements in the natural environment and in techno-
genesis.
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Fig. 3. Average concentrations of trace elements in the ash of different sapropels types
Rys. 3. Srednia zawarto$¢ pierwiastkéw $ladowych w réznych typach sapropel 6w Biatorusi:
1 - krzemionkowe, 2 — weglanowe, 3 — organiczne
Puc. 3. CpeAHue KOHIIEHTPAIINY MUKPODAEMEHTOB B 301€ Pa3AMYHBIX TUIIOB carporeaeit beaapycn:
1 — KpeMHe3eMIUCTbIe, 2 — KapOOHATHbIE, 3 — OpraHMYecKye

Table 1. Average contents of trace elements in the sapropels of Belarusian geochemical provinces, mg/kg of ash
Tabela 1. Srednia zawarto$¢ mikroelementéw w sapropelach prowingji geochemicznych Biatorusi, mg/kg popiotu
Ta6amnma 1. CogeprkaHne MUKPODA€MEHTOB B CaIIpOIIe AsIX TeOXMMUYeCKIUX IpoBuHImit beaapycu, Mr/kr 30451

Geochemical province, n Ti \ Cr Mn Co Ni Cu I Zr I Ba Pb
Siliceous sapropels
North, 166 1700 62,1 40,5 754 11,1 25,4 28,6 217 434 29,2
Central, 13 1360 42,7 35,6 732 10,6 24,0 28,4 203 296 28,6
South, 36 1090 42,7 26,1 1260 15,6 18,9 38,3 177 347 31,2
In total, 215 1580 57,0 37,3 836 11,3 24,0 30,0 209 409 29,5
Carbonate sapropels
North, 64 1120 33,2 20,1 1580 6,6 7,3 10,9 85,9 299 13,7
Central, 55 671 25,5 18,6 883 7,1 5,6 7,0 58,7 192 15,1
South, 15 189 8,6 21,7 2490 11,8 6,6 12,9 43,4 144 10,5
In total, 134 825 27,3 19,7 1400 7,3 6,5 9,2 68,0 230 13,8
Organic sapropels
North, 109 1470 51,5 42,3 1200 14,6 31,7 61,4 170 548 50,3
Central, 26 1040 28,7 30,3 976 12,1 29,6 46,9 68,9 317 83,2
South, 25 707 39,9 31,7 1390 17,6 25,8 41,3 153 490 45,5
In total, 160 1280 45,0 38,0 1190 14,6 30,4 55,2 144 493 50,5

The most effective method to evaluate the geo-
chemical associations is the factor analysis. The fac-
tor analysis assumption about existence of the hypo-
thetical (latent) factors determining the correlation
between a large number of observed variables ans-
wers the purpose to identify the elements associa-
tions which may be formed by natural processes and
technogenic pollution.

Siliceous sapropels

The distributions of Mn, V, Cu, Pb, Ba in the silice-
ous sapropels are approximated by lognormal distri-
bution, Zr, Ni, Co, Cr are fit to gamma-distribution.

Statistical analysis of relationship between the
contents of trace elements in the siliceous sapropels
have revealed the positive correlation between the most
of the elements (table. 2). The strongest correlations
(r >+0,5) are observed for Ni-Cr, Ti-Zr, Cu-Ni.

The suitability of the data for factor analysis has
been confirmed by the sufficient result of Kaiser-Mel-
kina-Olkin test (0,751) and the significant level of Bar-
tlett's test of sphericity (x2 = 647; df = 45, p <0,001).
Three principal components (factors) explaining 63%
of the total variance has been extracted while using
PCA.
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Table 2. Pearson correlation matrix for trace elements in the ash of siliceous sapropels (n = 215)
Tabela 2. Macierz korelacyjna Pearsona zawartosci pierwiastkéw sladowych w popiotach sapropeléw krzemionkowych

(n=215)

Tabanra 2. KoppeaaroHHas MaTpuIia coAep>KaHNs XMMITIeCKIX DA€MEeHTOB B 30/1€ KPeMHe3eMIICTHIX caIrporieeri (n = 215)

Elements A% Cr Mn Co Ni Cu Zr Ba Pb
Ti 0,063 0,333 0,157 0,009 0,090 0,188 0,551 0,142 -0,180
A% 0,392 -0,100 0,326 0,414 0,338 0,084 0,396 0,448
Cr 0,103 0,366 0,565 0,404 0,235 0,326 0,174
Mn 0,154 0,195 0,321 0,145 0,182 0,063
Co 0,633 0,417 0,107 0,470 0,201
Ni 0,526 0,151 0,411 0,277
Cu 0,250 0,387 0,270
Zr 0,338 -0,029
Ba 0,232

Explanations: values in bold letters show significant correlations at the 0,01 level (2-tailed), in italic at the 0,05 level (2-tailed).

The first principal component is associated with

Ni, V, Co, Cu, Ba, Cr, Pb explaining 35% of the total
variance (table 3, fig. 4). These elements are concen-

trated mainly in the fine fractions, the contents of
which are apparently reflected by factor 1.

Table 3. Trace elements associations in lake sediments of different types

Tabela 3. Asocjacje pierwiastkéw sladowych w osadach jeziornych réznych typow

Tabanira 3. Accormarinm XuMmuIeCKnx 1€ MEHTOB B O3€PHBIX OCadKaX pa3ANYIHBIX TUIIOB

Type of sapropels n(roo1)|Factor| FVP | CFVP Associations
S F1 35 Nioso— Vo,72—Co0,72—Cuo,66~Bao,es—Cros2—Pbo,s9
Siliceous sapropels 5: F2 17 63 Tioss—Zros
E F3 11 Mnuosz
< u;? F1 51 Nio,8—Vo,87—Zrog1—Tios2—Cro,77—Cuio76~Pbo,cs—Coos—Baoss
Carbonate sapropels 0 65
S| F2 14 Mnogs—Baoss
(fp: F1 40 Cros7—Tiose—Cuo66—Zro,e1—(Nioss)—Pbo,42
Organic sapropels 5; F2 15 66 Mno,73—Nio,71—Coo,60—Cuos8
§ F3 11 Baoss—(Zro,s6)
~ F1 37 Nio,88—Cro,83—Cui0,86—C00,73—Vo,66—(Z10,49)—Pbo 42
Modern bottom sediments g; F2 19 74 Zro89—Tio1~Nbo,s
S F3 18 Mnuoss—Znoe—(Vost)

Explanations: n(roe) — number of samples and the absolute limit value of significant factor loading at 0,01 significance
level given in parentheses; FVP — factor variance percentage; CFVP — cumulative factor variance percentage. Elements of
association are written in descending order of significant at 0,01 level loading; elements in parentheses are associated
with more than one factor. Lower index after the element symbol —load on the factor.

The second principal component accounts for
17% of the total variance and it has high positive lo-
ading on Ti and Zr. The above elements are consi-
dered to be slightly mobile in the most geochemical
environments. Major minerals of Ti (rutile, ilmenite)
and Zr (zircon) are highly resistant to weathering and
are concentrated mainly in the sand and aleurite frac-
tions. A weak negative correlation has been revealed

between sampling depth and Ti-Zr association (r =
-0,27, p<0,001).

The third principal component (11% of the total
variance) is mainly related to Mn. According to ZHU-
KHOVITSKAYA, GENERALOVA (1991), the share of po-
tentially mobile forms of Mn in the sapropels was ran-
ged from 47% to 62%. Mn is the most mobile element
in sapropels, what is probably caused its extraction
into separate association.

39



M
0,8+
0,6
™
S 04r
c
=3
£ 0,2+
3
0,0
02t
04t

60 01 02 03 04 05 06 0,7 08
Component 1

Fig. 4. Principal Component Analysis loading plot (PC1 vs. PC3) for trace elements in siliceous sapropels
Rys. 4. Wykres tadunkoéw na plaszczyznie pierwszej i trzeciej asocjacji pierwiastkdw w sapropelach krzemionkowych

Puc. 4. T'paduk Harpy3ok B KOOPAMHATHON II1OCKOCTY IIEPBOI U TPETheil IAaBHBIX KOMIIOHEHT

It should be noted that the first two elements
associations in the siliceous sapropels which have
been extracted by factor analysis generally correspond
to the natural elements associations in soddy-podzolic
soils in Narochansky National Park (LUKASHEV et al.,
2009). The exception is Mn.

The composition and structure of the chemical
elements associations in the carbonate and organic
sapropels are changed in comparison with siliceous
(table 3), indicating the specifics of the trace elements
accumulation processes.

In the carbonate sapropels according to the result
of the principal component analysis (table 3) 65% of
the total variance has been explained by the first two
components. The majority of examined trace elements
(Ni, V, Zr, Ti, Cr, Cu, Pb, Co, Ba) constitute the first
principal component accounting for 51% of the total
variance. A statistically significant negative correla-
tion has been found between values of the first com-
ponent and sampling depth (r = -0,278, p = 0,019).
The principal component 2 is associated with Mn
and Ba.

The principal component analysis has revealed 3
components in organic sapropels which can explain
40%, 15%, 11% of the variance respectively (table 3).
The first component is positively related to Cr, Ti, Cu,
Zr, Ni, Pb. Statistically significant negative correla-
tion between the dedicated association and sampling
depth has been found (r = -0,449, p < 0,001). The se-
cond component has strong positive loadings on Mn,

Ni, Co and Cu. The third component is associated
mainly with Ba and Zr.

Kruskal-Wallis test was used to confirm the hy-
pothesis of a correlation between the types of the lake
basins (impounded, thermokarst, pothole, karst etc.)
(Lakes of Belarus, 2004) and the received elements
associations. It has revealed the dependence of Ti-Zr
association in siliceous sapropels and Ni-V-Zr-Ti-Cu-
Pb-Co-Ba in carbonate from the type of lake basins
(H=16,7, df =6, p=0,01 and H=16,2, df =6, p=0,01,
respectively). The relationship between the trace ele-
ments accumulation in organic sapropels and type of
lake basins has not been found.

Modern bottom sediments

The descriptive statistics of the trace elements concen-
trations in bottom sediments are listed in table 4.

Statistically significant differences between trace
elements contents in lake sediments of Belarusian geo-
chemical provinces has been revealed only to the Zn
(H=7,42, df =2, p=0,02; table 5).

Studying the relationship between trace elements
on the basis of the factor analysis allowed revealing
three of its main associations in bottom sediments of
Belarusian lakes. The resulting model is able to explain
74% of the total variance.

The first principal component explained the 37%
of total variance and it has statistically significant loa-
ding on Ni, Cr, Cu, Co, V, Zn, Pb (table 3, fig. 5). The
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Table 4. Descriptive statistics of trace elements concentrations in modern bottom sediments, mg/kg DW
Tabela 4. Statystyczne charakterystyki zawartosci pierwiastkéw sladowych w osadach dennych jezior

TaGAI/IL[a 4. CraTucTuyeckue XapaKTepUCTUKN COACP>KaHM XMIIECKIX DA€MEeHTOB B AOHHBIX OTA0>KE€HISIX O3ep

Element X (range) c Sx
Ti 1378 (24,2-9 939)/7,13m 1,09m 0,133
\4 14,14 (2,17-99,1)/2,451 0,962 0,118
Cr 11,65 (0,96-99,9) /4,54m10x 1,091n10x 0,118mn10x
Mn 4264 (65,4-6934)/5,981n 0,974 0,119
Co 3,37 (1.0.-29,7)
Ni 4,24 (0,30-52,2)/3,59m 1,061m10x 0,129m10x
Cu 7,455 (0,99-96,4)/4,231 0,808m10x 0,099m10x
Zn 36,2 (H.0.-524)
Zr 85,25 (0,90-991)/4,45m 1,50m 0,183
Nb 3,48 (1.0.-49,5)
Mo 0,98 (1.0.-5,24)
Pb 17,9¢ (4,88-74,9)/2,80m 0,655m 0,080m

Explanations: x -mean; Xg— geometric mean; o — standard deviation; sx— standard error of the mean; the denominator
as the arithmetic mean of the data logarithm

Table 5. The trace elements contents in lake bottom sediments of Belarusian geochemical provinces, mg/kg DW
Tabela 5. Zawartos¢ pierwiastkow sladowych w osadach dennych jezior w prowingcjach geochemicznych Biatorusi,

mg/kg popiotu

Tabanira 5. Cerp>KaHI/1e MUKPODAEMEHTOB B AOHHBIX OCalKaX O3€p reoXmmMmaeCcKmx HpOBI/IHI_II/Iﬁ Bezxapycm, MF/KF 304Dl

Geochemical province, n Ti \4 Cr Mn Co Ni Cu Zn Zr Pb
North, 47 1650 13,6 11,0 458 416 | 4,52 7,40 30,2 110 18,2
Central, 9 1345 11,4 12,7 270 2,26 | 2,13 4,81 37,1 91,3 | 137
South, 11 1197 26,3 13,5 453 1,90 | 7,70 10,7 774 | 276 | 204
In total, 67 1378 14,1 11,6 426 337 | 424 7,45 296 | 852 | 17,9

¢ wanodmo)
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Fig. 5. Principal component ana-
lysis loading plot for trace ele-
ments in modern bottom sedi-
ments

Rys. 5. Wykres tadunkéw w prze-
strzeni trzech gtéwnych asocjadji
pierwiatkow chemicznych we
wspotczesnych osadach dennych

Puc. 5. I'padpux Harpy3ox B mmpo-
CTpaHCTBe TPeX I1aBHBIX KOM-
TIOHEHT




accumulation of the elements association is determi-
ned by the content of the sediments fine fraction.

The second component (19% of the total varian-
ce) forms an association of slightly mobile elements
(Zr-Ti-Nb) concentrating mainly in the sand and ale-
urite fractions of the bottom sediments.

The third component corresponds to the elements
association of Mn-Zn (explaining 18% of the total va-
riance). We emphasize that the extracted trace ele-
ments associations in modern sediments are similar
to the geochemical associations in the siliceous sapro-
pels (table 3).

CONCLUSIONS

Thus using PCA the trace elements associations in
different types of sapropels and modern bottom se-
diments have been identified. Most of the exami-
ned elements (Ti, V, Cr, Ni, Cu, Zr, Pb) form simi-
lar associations in all types of sediments and are pri-
marily related to the terrigenous sediments compo-
nent. The association of Ti-Zr in siliceous sapropels
is apparently caused by the granulometric differen-
tiation of substance. Mn has made up the separate
association that can be explained by its predominant,
relatively mobile form in the bottom sediments of
lakes.

The article has been prepared within the project “The geo-
ecological estimation of natural-resource potential of anthro-
pogenically disturbed lake basins and the data base creation
of the geochemical pollution by heavy metals of modern se-
diments in Belarusian rivers and lakes”.

Cmamosa nodzomosrena ¢ pamxax npoexma ,Ieoaxorozu-
yeckas oyeHKa npUpooHo-pecypeHoz0 NOMeHYUANG AHNIPONO-
2eHHO-HAPYUEHHDLX 03epHbIX Oaccetitos u cosdaHue 0asvl zeo-
XUMUMECKUX 0AHHDLX 3AZPSASHENHUS COBPeMEHHDLX QOHHBIX
omaAoXeHuil pex u osep beaapycu maxervimu memairamu”.
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