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The process of evolution of the earth resulted in the formation
of a unity of life and geochemical environment, which finds its
expression in form of most different coherences and interactions.
Thus the chemical composition of the different components of
lithosphere, atmosphere and hydrosphere exerts a substantial
influence on all parts of the biosphere. The contents of major
elements and trace elements trace inside the biosphere wvia the
food chain towards the human organism in a system of most
complicated interactions (KOVALSKIJ, 1977).

Because of their unique position at the boundary between
geosphere and biosphere, like no other geological material soils
are suited to characterize the geochemical behaviour and
distribution of elements in a region under most different aspects
of environmental geochemistry. Soils on holocene sediments of
flood plain and lowland areas show a special geochemistry among
the other constituents of the pedosphere, which is different from
that of other soils from other regions and depends on their
specific genesis. On account of their geographical position they
are especially predestined for a superposition of the primary,
geochemical characteristics by secondary, anthropogenic
accumulations of elements, which have developed in consequence of
the steadily growing industrialisation. Several authors reported
about extreme enrichments of elements 1like heavy metals of
environmental importance in river sediments and flood plain soils
as a result of an intensified intake from the partially
considerably loaded rivers (ARGE ELBE, 1980; MULLER et. al.,
1981; CLAUSSEN, 1983; SALOMUNS et. al., 1984).

The aim of the present investigations consists in the preparation
of a survey about the geocchemical proportions of the different
soil types on flood plain and lowland areas on the basis of the

examination of selected, characteristic vertical soil profiles
representative of a greater area, which allows to derive
scientifically well-founded statements both for the assesment of
potential load limits and for the estimation of the actual level
of loads from the knowledge of the primary geochemistry.
Furthermore, presuppositions necessary for a geochemical mapping
of the country on the basis of pedogeochemical data were to be
made.



143

investigation programme

Altogether 20 vertical soil profiles were selected for
corresponding to
plain and
important rivers under special consideration of the southern part
of the G.D.R. (Table 1).

sampling
the areal distribution of the soils on flood
lowland regions and to the registration of the most

Table 1: List of the sampling points of the vertical soil
profiles selected

river number soil type sampling point .
of profile locality/district
Elbe D 36 vega Posta/Pirna/Dresden
D 37 vega Scharfenberg/Meifen/Dresden
L 32 vega Kollitsch/Torgau/Leipzig
H 28 colluvial gley } Brambach/RoBlau/
H 29 colluvial gley } Halle
M 34 strongly perio- Buch/Tangerhutte/Magdeburg
dically rede-
posited flood
plain soil
B 33 gley Hinsdorf/Wittenberge/
Schwerin
Werra s 22 vega-gley Eisfeld/Hildburghausen/Suhl
S 23 gley-vega Barchfeld/Bad Salzungen/
Suhl
Ilm S 24 ground gley Grafinau-Angstedt/I1lmenau/
Suhl
Sormitz G 20 vega Rauschengesees/Leutenberg/

(-->Saale) Biel

raw flood plain
soil

Gera

Saale H 30 vega-gley Zickeritz/Hettstedt/Halle
Weife Elster G 17 vega-gley Neumuhle/Greiz/Gera

G 18 gley-vega Wiederau/Borna/Leipzig
PleiBe =15 vega Zeschwitz-Kotteritz/

Altenburg/Leipzig

Wiltsch K 16 vega Wiltschmihle/Eibenstock/
(=>Iwickauer Karl-Marx—-Stadt
Mulde)
Iwickauer K 15 gley-vega Silberstrafe/Zwickau-Land/
Mulde Karl-Marx-Stadt
Spree D 25 gley-Vega Kirschau/Bautzen/Dresden

Warnow B 27

low-moor peat soil

Ruhn/Butzow/Schwerin
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A detailed description of the processes of sampling and sample
preparation is given by VOLAND et. al. (1987).

analytics !

The determined major elements and trace elements and the methods
of determination used are shown in Table 2.

Table 2: List of the elements determined and methods of
determination used

element method of determination

i, Ti, Al, Fe, Mn, Ca, K X-ray fluorescence analysis

Mg, Na atomic absorption spectrometry
-flame (HF/HNOx-digestion)

trace elements

Ag, B, Ba, Be, Co, Cr, Cu, atomic emission spectrometry
Ga, Mn, Mo, Nb, Ni, Pb, Sn, -electric arc

R ILT P £

Li, Rb, Cs atomic absorption spectrometry

—flame (HF/HND=-digestion)

Se atomic absorption spectrometry
hydride process
(MDHR et. al., 1983; VOLAND
et. al., 1987)

trace elements - boiling 1.5 N HNOx-extractable fraction

Cd, Cr; Cu, Mn, Ni; Pb, In atomic absorption spectrometry
—-graphite tube
(MACHELETT et. al., 198&)

edological parameters

pH-value glass electrode
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evalution and results

The classification of the vertical soil profiles with regard to
their geochemistry was carried out on the basis of the
calculation of the Clarke concentration wvalue by means of
division by the respective Clarke value for soils.

In addition, a comparison between the element concentrations and
the 1limiting values of the concentration admissible in arable
soils after KLOKE et. al. (1984) was made.

Table 3: Range of the determined concentrations for the trace elements
investigated /ppm/, Clarke values for soil after LEVINSON

(1974) (THORNTOM, 1983) and VINOGRADOV (1954), Kloke wvalues
after Kloke et. al. (1984) and number of samples n
concentration /ppm/ Clarke value Kloke value number
for soils of samples
n

element Min. = Mae

Ag Lo J BRES L 57 0,1 138

B 28 - 881 i0 25 138

Ba 137 - 12000 500 138

Be 2 o 7 & 10 138
Cd~ 0,1 = 1251 (35| 3 Lot

Co 2] - 157 a8 50 138

G 28 - 457 200 100 138

Cs 13 - 28 & 42

Cu & - 514 20 100 138

Ga 3 = 105 15 10 138

Li 29 = 88 30 &0

Mn 107 = 9364 850 138

Ma il -~ 146 3 5 138

Nb 10 - 56 NB 138

Ni 10 = 208 40 50 138

Pb 13 = 1459 10 100 138

Rb 0 - 1460 60 &0

Se 0,12~ 5,10 0,2 10 75

Sn x: 1097 10 50 138

T4 1514 - 1048B& 4400 5000 138

v 22 = 259 100 50 138
Zn* ok B B 193%,8 50 300 55

Ir 115 1141 300 300 138

= boiling 1,5 N HNOz-extractable fraction
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Table 3 shows the ranges of concentration determined for the
particular trace elements, the appropriating Clarke values for
soils and the Kloke wvalues.

The behaviour of the elements concerning their vertical
distribution in dependence on the specific pedological parameters
was studied separately for every soil profile.
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Fig. 1: results of the factor analysis
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As a part of the statistical treatment of the results a factor
analysis and a hierarchical cluster analysis were carried out for
the complete data of all vertical soil profiles investigated for
the decadic logarithms of 17 selected trace elements and the pH-
value as a pedological parameter in the SPSS/PC-system. The
method of average linkage between groups and the cluster measure
of the squared Euklidean distance were applied to the
hierarchical cluster analysis. The results of the factor analysis
are shown in Fig. 1.

discussion

The several soil types among the soils on holocene sedimente of
flood plain and lowland areas provide extraordinarily
heterogeneous patterns of distribution for the elements
investigated. Both the position of the profile along the river-
course (distance from the source) and the lateral distance from
the bank of the river exert a substantial influence on the
distribution of the elements.

The geochemical relations in flood plain soils of the headwaters
of a river are principally determined by the primary intake of
elements from geogenic sources, appearing in form of
characteristic associations of elements. Thus typical parageneses
of elements originating from deposits or occurrences located in
the drainage area of the river and mined in former times or being
still in exploitation were detected as accumulations in the flood
plain soil. Enrichments of elements originating from the
pneumatolytic and hydrothermal mineralization parageneses Sn—-Mo-W
and Bi-Co-Ni-Ag-U (BAUMANN et. al., 1982) occurred in the upper
and medium course of the Zwickauer Mulde river. The headwaters of
the Ilm river are geochemically characterized by accumulations of
the elements Ag—-Pb-Cu-Ni-Ba-Mn corresponding to the
mineralization paragenesis, which can be attributed to

hydrothermal mineralizations in the geologic range of the
Rotliegendes series of the Thiringer Wald-highlands. Extremely
enhanced Ba-concentrations belonging to still exploited
hydrothermal vein deposits of the Schmalkalden district
(mineralization paragenesis fluorite-baryte-calcite-siderite—
gquartz-sulphides) at Trusetal (mine Mommel) and Steinbach were
detected at the medium course of the Werra river.

Towards the lower course of the river these characteristic
patterns of element distribution increasingly diminish and
receive a superposition by unspecific accumulations of different
elements, mainly of a high geochemical mobility, originating from
most different sources. The tendency of an element to accumulate
towards the lower course of a river is growing with an increasing
anthropogenic percentage of its total intake in a soil.
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frequency histogram
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Fig. 2: absolute frequency distribution of the concentration
of 1lg (Cu) in flood plain soils.

These results are supported by the factor analysis carried out on
the complete soil profiles, which are partially very different
from €he point of view of geology and pedology (pH-value, redox

potential - influence of groundwater, organic soil matter and
sesquioxide contents). Elements with similar geochemical
properties, which also frequently show similar frequency

distribution patterns of their concentrations, are summarized in
the same factors (Fig. 1).

Thus the elements Pb-Ag-Cu-Be-(Sn) highly lpaded in factor 1 show
at least a bimodality of the frequency distribution of their
concentrations (Fig. 2). This factor amounting to 35,2 % has the
greatest percentage of the total variance.

The mode value of lower concentration mostly lying near the
Clarke wvalue for soils represents samples (parts of horizons,
horizons, profiles) with element concentrations in the range of
the geological background, whereas the mode wvalue of higher
concentration shows most frequently occuring contents in case of
additional secondary intakes into soil from anthropogenic sources
or pedologically conditioned accumulations in certain profile
zones.These patterns of distribution refer to the existence of at
least two independent sources of intake for the elements
concerned in flood plain soils.

The elements Zr, Nb and Ti with high loadings in factor 4 (9,2

percentage of the total variance) are characterized by a
completely contrary picture of the frequency distribution of
their concentrations (Fig. 3). These elements providing a Normal

distribution of their concentrations are almost exclusively
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primarily and geogenicallly transported into soil in the course
and as a result of weathering and soil formation and they are
accumulated in the heavy mineral fraction of the sediments. So
these elements do not show any regional specific wvariations in
concentration in case of the flood plain soils investigated.

frequency histogram
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Fig. 3: absolute freguency distribution of the concentrations
of Ti /ppm/ in flood plain soils

On the contrary to elements with high loadings in factor 1 the
elements Ga-B-Mn-Sn-Co-V highly loaded in factor 2 (14,2 %

percentage of total wvariance) show a definite positive
correlation with the pH-value). Their geochemical behaviour is
determined by pedological parameters like pH-value to a

substantially larger extent than that of the elements Ni-Cr-Mo-
(Co) highly loaded in factor 3 (10,5 % percentage of total
variance). Beside geochemical similarities the intake into soil
from the same sources is mainly responsible for the common
occurrence of those elements finally mentioned. All elements
highly loaded in factor 2 and 3 are characterized by a lognormal
frequency distribution of their concentrations which is marked to
a different degree.

The strongest positive dependence on the pH-value however shows
the element Ba (factor S5: Ba-pH; 6,4 7% percentage of total

variance).

The geochemical behaviour of elements in soil profiles concerning
their wvertical distribution is mainly determined by pedological
parameters (pH-value, organic soil matter and sesquioxides
contents, influence of groundwater etc.).

Hierarchical cluster analysis provides a summary of single
samples in the following order: soil horizons/soil profiles --->
river -===> river system ---> region. The subregional geochemical
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character of the single rivers and river systems selected for

investigation is distinctly evident. The flood plain soil
profiles of the Spree river (profile D 25; SE-part of the G.D.R.)
and the Warnow river (profile B 27; N-part of the G.D.R.) were

separated from all other flood plain soils investigated with the
greatest Jdistance.

In flood plain soils of the southern part of the G.D.R. no

indications for an insufficient trace element supply could be

found. On the contrary for the low-moor soils widely distributed

in the northern part of the country and characterized by a

general, partly serious trace element depletion a potential

danger of occurrences of diseases in consequence of trace element

deficiency for the elements Cu, Cr and Mn is existing. Diseases

as a result of trace element deficiency of such a kind were

already reported from similar soils of other regions by several ’
authors (MENGEL, 1961).

The estimation of load levels and possibly existing potential
risks of intoxications realized by comparison with the limiting
values of the concentrations admissible in arable soils after
KLOKE et. al. (1984) is problematically on the basis of total
concentrations determined and because of the frequently occurring
complex enrichment of different elements with partly antagonistic
effects.

Finally the Kloke values for the trace elements Cr, Ga, Ni, Ti, V
and Zr must be called in question because of their unreal
position within the range of or below the Clarke value for soils,
respectively, and require a revision.

summary

The investigation of 20 selected vertical profiles of soil on
flood plain and lowland ar=as allows a characterization of the
specific geochemistry of these soils.

Both universal and special regional regularities of element
distribution could be derived.

Elements of a high geochemical mobility and with a prevailing
anthropogenic part of total intake into soil show a wide range of
element concentrations with tendency for accumulation towards the
lower course of a river.

On the contrary elements with typically or exclusively geogenic
properties are characterized by a narrow range of concentration
without any tendencies for accumulation in certain regions in
case of the flood plain soils investigated.
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