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[BUTION OF SELECTED METALS IN HOLOCENE

pISTR ENTS OF THE MIDDLE LABE FLOOD PLAIN

SEDIM

L Minafik, J. Lelldk, O. Kvidova, J. Fuchsova

Geological Institute of the Academy of Sciences of the Czech Republic,
prague, Czech Republic

The basic chemism of Holocene fluvial sediments in the middle Labe flood
plain is determined by progressive decrease of mafic components towards the
depth and by an increase of free SiO portion at the same time. This tendency
is accompanied by a gradual increase of the median grain size, even when there
exist local deviations in the frame of lithological profiles. The series of bore-
holes situated perpendicularly to the Labe River course did not confirm syste-
matic changes in the abundance of heavy metals and some other elements with
the increasing distance from the Labe River bed. Sediments ,,preserved* under
the medieval dam represent phon concentrations of studied elements in the
given area. The distribution of majority of elements correlates with a general
trend of iron distribution. Maximum amounts are bound in surface layers, made
up by a fluvial humic loam. Sediments in these sections are moderately conta-
minated as a result of different antropogenic influences (regional atmospheric
deposition, periodical floods and fertilization of cultivated area). In deeper
layers (4-7 m) heavy metals are in a deficit and their content corresponds with
typical concentrations in sandy marlstones forming the bedrock. The portion
of mobile forms, which represent a hazardous factor for the basic components
of the environment is the highest for Cu and Zn. A great part of Cr and Fe is
bound on the contrary in siliceous reziduum. The Holocene sediments as

a whole are no significant source of inorganic pollutants in the territory of
interest.

fluvial Holocene sediments; middle Labe flood plain; distribution of elements;
heavy metals

Some comprehensive review papers have been written on the subject of
‘iI:IQI?Cene Flood Plain of the Labe river (R Zi¢kova et al., 1993;
gegn?c:rchklo V_é L Ze m.a i 199_4). Thesg .studies' were focused gn the
. P_ ological and sedimentological conditions, mineralogy of sediments

Tatigraphy of quaternary filling of the flood plain. Chemical data for

th
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these unconsolidated sediments were already partly published M inaft ik

et al., 1992).
The purpose of this study was threefold:

1) to provide basic data on the abundance of selected elements in samples
of sediments collected in the vicinity of the middle Labe River flow

2) to determine the mobile forms of metals which may represent potential
enviromental hazards in the area of interest

3) the evaluation of human activity influence and the gecchemical aspect of

" spreading the possible inorganic contaminants in the porous medium of

Holocene fluvial sediments.

MATERIAL AND METHODS

A model area of roughly 10 km? in the valley tract was chosen in the
boundary line of the locality Sedl&4nky near Celdkovice and Lys4 nad Labem
(Fig. 1A). The selected territory is a typical quaternary accumulation zone
with a majority of psamite fluvial sediments. One half of the experimental
territory has been cultivated and intensively exploited for agricultural pro-
duction. The second half of the territory is a meadow forest. The major part
of this area has got a status of the State Nature Reserve and is situated apart
from the more significant exploitation interests. A significant landforming
phenomenon appears to be an earth dam of medieval pond, preserved in
a length of more then 4 km (Fig. 1). The foundation of the pond is dated
between the thirteenth and fifteenth century.

The investigated sediments consist of redeposited fluvial material, pro-
ducts of weathering of rocks occurring in the Labe River basin and, to a cer-
tain extent, of matter of antropogenous origin. As for the grain size, sediments
consist of quartz sands and sands with an admixture of medium-grained
gravel. The layer of fluvial sands and gravels is 10-12 m thick. Lithological
basement are the rocks of the Middle and Early Turonian. Turonian sediments
are mainly represented by sandy marlstones.

The surface of the recent flood plain is covered with fluvial loam (,,flood
loam*) overlying the fluvial sands and gravels. Thickness of fluvial loams is
on an average 2 m. As for the grain size, silty fractions prevail, variable
proportions of clay and sandy fractions are non-dominant. Both fine sandy
and silty fraction are represented mostly by quartz (70-90 %), followed by
feldspars, lithoclasts and variable amount of micas. Anthropogenous artifacts
(slag, glass, bricks etc.) are accesory (Rt Zi¢kovd, Zeman, 1994).
Clay matter of the studied sediments in the fraction <4 um is characterized
by mineral association: kaolinite, illite, interstratifications of 1.0 and 1.4 nm
sheet phyllosilicates. Besides the clay minerals, also quartz, K-feldspar, Na-rich
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1A. The situation of studied locality (adapted from the basic map 1 : 10 000)

1B. Geological section through the flood plain of the Labe River near the town Celdkovice; 1 —
fluvial sandy — loam (flood loam), 2 — fluvial sand with admixture of gravel (the Early and the
Middle Holocene), 3 - silty sand, 4 — unstabilized level of underground water, 5 — the dump,
the earth dam of the Middle Age pond, 6 — Upper Cretaceous marlstone, 7 — borehole

plagioclase, limonite and lepidocrocite have been identified. X-ray data
suggest that mineral association does not depend on the stratigraphical posi-
tion but depends on the source of material (Stastny, 1994). Information
concerning the grain-size composition of samples is given in the work by
RaZi¢kovd and Zeman (1994).
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Geochemical samples of the plain sediments were taken using a Ep 10
light rig. A profile 1 km of length was drilled, perpendicularly to the today’g
river bed across the flood plain (boreholes VL1-VL7). The correspondip
lithologically comparable segments were sampled from the drill core iy, the
whole 7 m course (Fig. 1B). One of the boreholes (VL8) was located outside
the studied profile along the axis of the original river bed, occupied by the
Labe River before breaking the significant meander in nineteenth century, Ap
inexpressive layer of soil in an initial stage of forming was found in the depth
of 2.3 m. The genesis of this horizon is evidently closely connected with e
moment of the drying of the major part of the original river meander. Tpe
»preserved” plain sediments, drilled under the earth dam of medieval age
(VL4, VL5) were considered as a lithogeochemical material with a high prob-
ability of no recent contamination.

Samples were sieved, crushed and pulverized. The fraction <0.063 mm
was used for further treatment. The basic analytical programme was realized
on the atomic absorption spectrometer VARIAN SPECTR AA-300 (extract-
able heavy metal content of sediments) and on the optical emission spectro-
graph (total content of heavy metals) in the laboratory of the Geological
Institute of the Academy of Sciences of the Czech Republic. The part of the
sample population was also analyzed by instrumental neutron activation in
the Institute of Raw Materials Kutnd Hora. A detail information concerning
the procedures for collecting, preparing and analyzing samples is given in
research report (Lell14dk etal., 1991).

Bulk composition of the sediments is not given in this study. Major consti-
tuents were determined in six samples of borehole VL8 only. The vertical
variations suggest progressive decrease both mafic (Mg, Ca, Ti) and felsic
(Na, K, Al) components towards the depth and a simultaneous increase of Si.

RESULTS AND DISCUSSION

A total of 51 samples of sediments were analysed for 11 elements (Fe, Cu,
Pb, Zn, Cr, Mn, Ni, V, As, Cd, and Be). Results are given in Tab. L.

Iron

The total content of Fe varies in the range of 0.75-5.00 % with medl{m
value 1.80%. Vertical variations indicate considerable Fe enrichment 11
sections near the surface. The extractable content (evaluated by leaching of
samples using the mixture of HCI and HNOs 1 : 3) is significantly lower
(0.82% Fe on the average). The distribution of Fe is presented in Fig. 2.
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Coppel‘

A comparison of the Cu copcmiralian in lower layers m.f ihi:‘ sediments
with those in the upper part of i)(are%;.ma:s: generally shows significant diffe-
rences. The average Cu content in the s:;n'fm’;e layer is twofold higher thas
the median value for all ééai“ﬂ‘;‘}%ﬂﬁl (20 npm The exiractable Cu content shows
the highest range of values of all siudied elements (Fig. 3).

Lead

The median concentration of Pb in Holocene sediments is 39 ppm (range
12.5-110 ppm). The values in Table I indicate that lead is progressively
enriched in the surface layer. The extractable Pb content is relatively low
(Fig- 4).

Zinc

Zinc, like copper, shows a high range of extractable content. These values
prove that Zn is a very mobile element in the Holocene sediments. The total
Zn content varies in the range of 30 - 150 ppm with median value 67 ppm
(Fig. 5).

Chromium

The total Cr content varies in the range of 17-90 ppm. The average value
35 ppm is lower than in the corresponding unconsolidated sediments (T u -
rekian, 1977). The diference between Cr concentration in surface layers
and that in deeper parts of boreholes is inexpressive. The extractable Cr
content is generally very low. Most of this element is bound in the silicate
residuum (Fig. 6).

Vanadium

1 Yan?.dium was determined only as a total V in this study. The total content
aranes In the range of 17-90 ppm, arithmetical mean 44 ppm. Surface layers
€ generally moderately enriched with vanadium.,

Manganese

(801![1“%};)0“18 the widest-range of’uvaiues of any of the elements studied

higher}hér:)?}?ﬂ' The mgdxan value for manganese in surface samples is much

18 8oy <0 at. of Mn in the whole: pppulal_xon. The cxtractai;le Mn content
% of the total content Mn in sediments studied (Fig. 7).
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L Distribution of selected elements in Holocene sediments of middle Labe flood plain (tot nﬁnua(ion of Tab. I
content and mobile form [*], data in ppm) al Co
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= total content, Cu” = extractable form of metal)

3
The content of copper in the boreholes (Cu

= total content, Fe' = extractable form of metal)

2. The content of iron in the boreholes (Fe
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6. The content of chromium in the boreholes (Cr
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9. Concentration range of studied elements in 51 samples of Holocene sediments in the middle
Labe flood plain

Nickel

Nickel, like Co, V and Mn, shows a high positive corelation with Fe. The
total Ni content varies in the relatively narrow range of 10-60 ppm with
median value 24 ppm. The average extractable nickel content is similar to
that of manganese (Fig. 8).

The bulk of heavy metals of the iron group in Holocene sediments is
bell.eved to be contained in ferromagnesian minerals of the rock clasts
(mainly dark micas), in limonite and lepidocrocite. Minor amount of these
elements may be concentrated in interstratified clays, too.

.In the case of As, Be and Cd, the extractable form of elements was deter-
1711’15ned only. The range of values for As is 1.9-11.9 ppm, the average being
= Ppm; for Be 0.24-1.7 ppm, the average 0.66 ppm; for Cd < 0.2—1.5 ppm.

Abundance of these elements is highest near the top of boreholes and decrea-

$es with increasing depth.
The concentrati

di on range of all elements tested in 51 samples of Holocene
Sediments in the

middle Labe River flood plain is given in Fig. 9.
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CONCLUSIONS

Bulk chemistry of quaternary sediments in the middle Labe River flood
plain is controlled by the grain composition and mineralogy of the sampleg
The content of both mafic and felsic components progressively decreageg Wi{ﬂ
increasing depth and the total content of SiO2 increases at the same time. This
tendency is expressed even by the gradual increase of averags grain size an&
by increasing quarz abundance in modal composition of sediments

The distribution of minor heavy metals is influenced by the general trend
of iron distribution. Maximal concentrations are mostly bound in a surface
layer, made up by fluvial humic loam. In deeper layers of sediments (borehole
4-7 m in depth) heavy metals are in a deficit in comparison with the surface
parts. Their content corresponds with the natural background, expressed by
the mean values for upper Cretaceous sandy marlstones according to the
literary date (Cadkovi etal, 1985).

The series of boreholes situated perpendicularly to the Labe River course
did not confirm systematic changes in the abundance of the heavy metals with
the increasing distance from the Labe River bed. The sediments preserved
under the medieval earth dam correspond with the sterile parts of the whole
area of interest with a monotonous composition and minimal contents of all
metals studied.

The comparison of total content of metals with their extractable amount
leads to a remarkable conclusion: siliceous reziduum (i.e. the portion which
can be considered as immobile) represents a significant part of total metal
content in the studied sediments. Some irregularities were found in
extractable portion of many metals, caused mainly by the changes in mineral
composition of samples. Average concentrations of all tested elements in
surface layer have been compared with the median values for uncontaminated
soils in Czech Republic Bene§, Pabianovid, 1987). The chemical
data demonstrate moderate enrichment of Cu, Pb, Zn and As in the fluvial
humic loam.
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MINARIK, L. - LELLAK, J. - KVIDOVA, O. - FUCHSOVA J. (Geologicky tstav
AV CR, Praha, Cesk4 republika):

Distribuce vybranych kovii v holocénnich sedimentech v nivé stfedniho Polabi.
Scientia Agric. Bohem., 25, 1994 (2): 133-152.

Byly sledovdny geochemické aspekty Sifeni moZnych 2norganickych kontami-
nantti ve fluvidlnich sedimentech holocénniho stéfi, které tvofi typickou kvartérni
akumulaéni z6nu v nivé stfednfho Polabi (obr. 1A). Variace obsahlt vybranych prvka
v ramci litologického profilu byly studovany na osmi dil¢ich lokalitich vymezenych
stanovisti m&lkych vrtd (obr. 1B). Z vrtnych jader bylo ziskdno celkem 51 litogeoche-
mickych vzorkd, jejichZ analyzy jsou sumarizovédny v tab. I. Mocnosti jednotlivych
odebiranych horizontd byly ddny charakterem zeminy tak, aby kazdy vzorek predsta-
voval stejnorody materi4l.

Studie je zamé&fena predeviim na silng toxické prvky jako Pb, As, Cd a Be a déle
na nekteré tranzitnf kovy (V, Cr, Mn, Fe, Ni, Cu a Zn), které mohou vyrazn& identi-
fikovat antropogennf znegisténi zékladnich slozek Zivotniho prostiedi. Udaje v tab. T
TePrezentujf jednak absolutni obsah kovil, jednak podil, ktery je uvolnitelny do pro-
Stred.f If)uiem’m (nesilikdtovd forma prvkl - louZeni Lefortovou lucavkou). Tento
mol‘nlm podil miZe pronikat smyvem do povrchovych tokf nebo prisakem poréznimi
Sed”_ne'_“)' do podzemni vody, kterd je v pfedmétném tzemi Casto vyuZivédna jako
zdroj pitné yody.
kOS?iak(}:z(llfl[i Chemi.smusvniv’rlfch sedim.cntfl modelového tizemf (plocha 10 km?* v bliz-
Shloubkoi OVIC)VJG 1’lrcovan progresivnim ubyvdnim mafickych slozek (Mg, Fe)

a soucasnym zvétSovanim podilu SiO,. Tento trend je doprovédzen postup-
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nym zvétSovanim pramérné velikosti zrn (resp. zvySovanim podilu Stérku), tfebaZe
v tomto sméru lze pozorovat v rdmci jednotlivych profild lokalni odchylky.

Hloubkové variace vétSiny téZkych kovi v hlavnich rysech sleduji distribuci Fe.
Maximadlni koncentrace jsou vazany pfevdzne v povrchové vrstvé tvofené fluvidlnimi
huméznimi naplaveninami. V téchto partiich jsou sedimenty mirn€ kontaminovany
v diisledku riznych antropogennich vlivi (regionalni atmosférickd depozice, hnojenf)
a recentnich pfirodnich d&ji (periodické zdplavy). V hlubSich vrsivich sedimentl
(4 aZ 7 m pod povrchem) jsou t8Zké kovy viici povrchovym partifm vesmés deficitni.
Jejich obsah se bliZ{ pfirczenému pozadi, coZ je vyjddieno stfednimi hodnotami pro
piscité slinovce, které tvofi pevné podloZi v blizkosti vrtil (Cadkovi etal, 1985).
Typicky trend postupného klesdn{ obsahu kovid s hloubkou je nejlépe dokumentovan
vrtem VL8 situovanym v tésné blizkosti hlavniho toku Labe v oblasti Hrada.

Série vrti v prostoru chradnéného luzniho lesa ,,Babinec®, realizovanych kolmo na
labské fecisté (vrty VL1 aZ VL7), neprokizala systematické zmény v zastoupen{
Zadného ze sledovanych kontaminantd s rostouci vzdélenosti od koryta Labe. Ve
stfedn{ ¢4sti metodického profilu byla navrtina pozdné stfedovéka sypand piscitd hraz
(vrty VL4 a VL5, celkem 13 vzorkil). Tato ukdzka prokazatelné antropogenniho
sedimentu odpovida latkové sterilnim partiim celého sledovaného profilu s mono-
ténnim koncentracnim zastoupenim a minimélnimi (fddov€ niZ8§imi) obsahy vSech
sledovanych kovil. Sedimenty ,.konzervované® pod hraz{ jsou archivovany jako stan-
dardni srovndvaci material s fénovymi koncentracemi prvk pro dané zemi.

Podil mobilnich forem t€zkych kovi, které mohou pfedstavovat rizikovy faktor
pro zdkladni slozky Zivotniho prostfedi ve vymezeném regionu, extrémné kolisd v z4-
vislosti na mineralogii a granulometrii vzorkl. Z frekvencnich rozdéleni koncentrac{
1ze priblizné odhadnout, Ze mobilni formy v priméru ¢inf 30 % pro Cr, 40 % pro Pb
a Fe, 50 % pro Ni a Mn, 65 % pro Zn a vice neZ 80 % pro Cu z jejich celkového
obsahu.

Provedeny vyzkum ukazal, Ze holocénni sedimenty v nivé sttedniho Polabi nejsou
kolektorem anorganickych kontaminantd, které by mohly negativné ovliviiovat sou-
Casny stav Zivotniho prostfedi. K jisté akumulaci nékterych t€Zkych kovi dochdz{
pouze v povrchové vrstvé sedimentdrni vyplné sledované oblasti.

fluvidlni holocénni sedimenty; niva stfedniho Polabf; rozdélen{ prvki; tézké kovy
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