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SOME ASPECTS OF THE MOBILITY AND

DISTRIBUTION OF TOXIC HEAVY METAL

CONTAMINANTS IN SOIL PROFILES AND
RIVER SEDIMENTS

L. HARGITAI

Department of Soil Science and Agrochemistry , University of Horticulture and Food
Industry Villdnyi ut 3543, H-1118 Budapest, Hungary

(Received, 11 August 1993, in final form, 20 September 1994)

Investigations of the distribution and mobility of Pb, Ni, Cd and Hg have shown that Pb is strongly associated
with humic substances in the top layer of soils and in river sediments, and that Pb shows the highest
organophilicity. Ni is very organophilic, and Cd, somewhat less so. The hydrophilicity of Hg highly influences
its movement in soil profiles and river sediments. The risk of contamination by these metals is characterized
through the environment protection capacity (EPC,) values which combine humus content and the quality and
thickness of the humus layer in one parameter. The risk of contamination is highest at low EPC, values.
Increase of EPC, decreases the risk of environmental contamination through binding of heavy metals to humic
substances, decreasing their mobility.

KEY WORDS: Soil and sediment contamination, heavy metals, organophilicity, hydrophilicity.

INTRODUCTION

Investigations of environmental contamination in major Hungarian Industrial Districts
focused initially on the distribution and mobility of the most toxic metals, Pb, Ni, Cd, Cr
and Hg. Fundamental results on the emission and distribution of toxic heavy metals in
the environment were considered. There are two main sources: natural and
anthropogenic. Anthropogenic input of Pb is very high'; the annual input of toxic heavy
metals to the environment compared to their natural concentrations in unpolluted
sediments, soils, and waters can be expressed as their technophllmty index’. For a
number of heavy metals, the technophilicity indices in increasing order are as follows:

Mn  Fe Ni Ctr Zn Cu Ag Hg Pb Au Cd
= < < < < = < = < <
| 1 2 4 10 20 20 30 30 60 140

The current work investigates the binding and mobility of the toxic heavy metals in
soils and sediments. Industrial (anthropogenic) contaminants such as Pb, Cd, and Hg are
the most dangerous’. Cr and Ni contamination may also be important in special cases,
but their concentrations and occurrence are expected to be much smaller.

Current investigations were based on long term model experiments using sewage
sludge treatments on brown forest soils’. The mobility of toxic heavy metals added to the
soils was investigated with rates of sewage sludge application from 50 mm/ha to
1200 mm/ha over a period of 10 y. The increase of organic matter content in soils
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depressed the mobile concentration of mobile heavy metals compared to those in the
applied sewage sludge. The extent to which the mobile concentration was affected varied
among the four metals in that study. The theoretical increase in the mobile concentration
of heavy metals, assuming no retention by organic matter, was 24 x ambient
concentration for the highest sludge application rate. For Ni, the measured concentration
was only 4.06 times ambient: for Pb, 5.75; for Cd, 12.09; and for Cr, 13.76, rePresenting
reductions in mobility of 83% for Ni, 76% for Pb, 50% for Cd, and 44% for Cr".

In the same experiments no effect of the organic amendments was detected with
respect to the change in mobility of Hg. Previous’ and current results indicate that both
organophilicity and the hydrophilicity influence the movement of Hg in the environment.

The present investigation concern the mobility of heavy metals in soils and soil
profiles in connection with soil humus content and quality. The effects of hydrophilicity
and organophilicity on the movement of Hg in contaminated soils and sediments was
also investigated.

MATERIALS AND METHODS

The new system’® for the evaluation of the effects of humic substances on the retention of
toxic elements and compounds used the new parameter “the environment protectional
capacity of soils” (EPC;), based on the concept that both humus content and humus *
quality influences the mobility of heavy metals in soils and in the environment. The
EPC, value included the humus quality parameter, the K-value (humus stability
coefficient)’.

The K-value is determined according to the following equation:

ENnF

K= ——m
Eyeon - H

where E and E,, are the extinction coefficients for humus extracts in 1% NaF and in
0.5% NaOH solutions. The E values are determined at 9 wavelengths in the visible
spectra from 420 nm to 750 nm. H is the total humus content (%) of the soil determined
by the dichromate method of Tyurin"’.

In the preparation of the NaOH and NaF extracts, air dried soils or river sediments
(2 g soil or 2 g sediment) were mixed with 1% NaF solution or 0.5% NaOH solution
(1:10 soil or sediment/solution). After 2-3 min shaking by hand, the samples were
allowed the stand at room temperature for 48 h and filtered through MN 640 m filter
paper. K-values were determined from the E and E,, values.

EPC, values for soil and sediment were calculated in the following way'':

EPC,=D, H*-K

where D, is the thickness of the investigated soil layer (cm).
The mobile concentration of a heavy metal was determined by the extraction method
of Lakanen and Ervié with AcAA-EDTA and atomic absorption”.

RESULTS AND CONCLUSIONS

The lowest K values were obtained for undegraded organic materials, e.g., forest litter.
Characteristic values for such materials are in the range 0.01 to 0.001. Humus layers of
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brown forest soils show values of 0.1 to 0.01, and Hungarian chernozem soils show the
highest values, 1 to 10. Soils with high EPC; values and deep humus layers with high K
values show high capacity for the binding of toxic heavy metals and xenobiotics'".

The results were evaluated in three contexts: with respect to the level of
contamination due to industrial pollution in the investigated soil profiles; in relation to
Pb contamination of soil near major traffic routes; and in relation to the distribution of
mercury in the soil profiles as affected by ground water level and the accumulation of
mercury in river sediments'*".

A new concept, the presumable risk in environmental contamination, was introduced
through comparison of the EPC; with the mobile amounts of contaminants in soil
profiles and river sediments.

The main results can be summarized as follows:

Levels of contamination in soil profiles near industrial pollution sources

The heavy metal contaminations and their distribution in soil profiles are presented in
Tables 1 and 2. Table 1 shows heavy metal contamination and their distribution in the
soil profiles of the Central and North Transdanubion Industrial Districts. From the five
selected soil profiles, two are in the neighbourhood of thermal electric generating plants,
two are close to chemical industrial units, and one is remote from main traffic routes and
industrial districts.

Pb contamination was strongly associated with the topsoil indicating notable
organophilicity of this element.

Hg often appeared in the profiles near the water table or affected by ground water as is
shown by the profile from Bokod in which Hg appears near the water table at 60-80 cm
depth. Near the electric power plant in deeper layers of a sandy soil (poor in humus
content), the Hg had moved down the profile (Tatabanya-Banhida). The soil near
Almisfiizito, which was on alluvial chernozem on Danube sediments, also contained Hg
in the deeper layers. Further from the riverbank of the Danube, near Nyergesujfalu, the
effect of Hg accumulation in the profiles was very similar but more difficult to see
because concentrations were low. Several hundred meters from the Danube, almost no
Hg contamination was observed in the soil profile (Koméirom-Acs).

The distribution of heavy metal contamination in soil layers was compared with their
EPC,s (Figures 2 and 3) in the same layers.

EPC,, values for the investigated soil layers are shown in Figures 2 and 3. The values
of Pb, Ni, and Cd contamination in the top layers are expressed in parallel in three
groups of columns. Columns for Sajoldd show, with the interruption of Pb and Cd
columns, one range higher contamination than the other values in Figure 3. These values
for Pb and Cd (Table 2) are Pb, 103.00-64.33, and for Cd, 6.16—4.89 mg/kg in the top
layers.

The movement of Hg at low concentrations in the soil profiles is shown in Table 2. In
the profile from Ozd-Banréve, a slight increase in Hg values appears at 40-60 cm, as is
shown in the Sajébabony profile taken near from the chemical industrial unit.

The organophilicity of Ni is shown in Tables 1 and 2. Ni is not accumulated in the top
layers because the plants do not need Ni or need it at very low levels, and accumulation
of Ni in plant materials and plant residues does not occur. At higher amounts of Ni in the
soil, the plants are killed before accumulation can appear. The organophilicity of Ni is
thus expected to be different from that for Pb.

The distribution of Cd is different. Cd is the most mobile among the three mentioned
elements (Pb, Ni, Cd) and showed slight organophilicity. Cd contamination occurs
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Table 1 The distribution of mobile amounts of toxic heavy metals in soil profiles in the Central and
North-Transdanubian Industrial District of Hungary.

Soil profiles No Investigated Pb Ni Cd Hg
layer in cm
in mg/kg soil

Bokod* 26 0-10 9,33 4,84 0,12 0,00
10-20 9,07 5,10 0,07 0,00

2040 5,61 523 0,06 0,00

40-60 4,26 3,73 0,15 0.49

60-80 3,20 2,32 0,13 0,56

80-100 3,29 1,17 0,11 0,53

100-120 3.44 0.47 0.12 0.65

Tatabénya-Bédnhida® 27 0-10 3,65 0,68 0,09 0,25
10-20 431 0,93 0,11 0,18

2040 4,30 0,62 0,17 0,31

40-60 1,44 1,11 0,01 0,12

60-80 1,09 1,17 0,01 0,19

80-100 1,40 1,05 0,03 0,26

Almésfuzits 1 0-10 3,68 1,53 0,08 0,27
10-20 3,68 1,53 0,09 0,32

2040 3,50 1,53 0,05 0,35

40-60 2,27 1,27 0,04 0,34

60-80 0,88 1,02 0,02 0,46

Nyergesujfalu? 39 0-10 6,36 3,16 0,10 0,02
10-20 3,96 398 0,08 0.06

20-40 1,81 3n 0,05 0,01

40-60 0,90 2,28 0,03 0,01

60-80 1,39 0,95 0,09 0,09

80-100 2,17 0,30 0,11 0,06

Komérom-Acs® 41 0-10 4,15 1,36 0,11 0.01
10-20 3,84 1,36 0,11 0,01

20-40 3,81 1,41 0,11 0,01

40-60 3,39 0,94 0,11 0,01

‘near the Bénhida electric power plant, beside the cooling pond; groundwater level 80 cm.
*deep lying area on the edge of the town; beside the electric power plant.

°400 m from the Central Industrial Unit (chemical industry); 300 m from river bank.

4500 m east of Danube on ailuvial chernozem; east of Plastic Industrial Center

800 m from Danube on alluvial chernozem between the road and the river.

mostly as air poilution from electrical power plants or chemical industrial units. Much
less but sometimes considerable amounts are distributed near roads.

High contamination of soil profiles and river sediments in the North-East Industrial
District of Hungary by the river Saj6 was detected. Cd was concentrated above the toxic
level in the soil profile at Sajépetri (meadow soil on river sediments) and in the river
sediments of Saj6, near Sajélad (Table 2).

The river sediments at Sajé showed the highest Hg contamination. The contamination
down the river Saj6 in the soils and sediments was also investigated. A decrease was
observed with increasing distance along the river. That was also evident from the soil
contaminations near Muhi on meadow chernozems developed on the overflowed area at
Sajé. Several km to the South on the riverbank, the accumulation of Hg and Cd was
much decreased (see the profile from Nagycsécs).
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Table 2 The distribution of mobile amounts of toxic heavy metals in soil profiles in the North-East
Industrial District of Hungary.

Soil profiles No Investigated Pb Ni Cd Hg
layer in cm
in mg/kg soil
Ozd-Bdnréve 76 0-10 580 2,08 0,07 0,05
on the border of Ozd 10-20 4,92 2,76 0,09 0,02
in green belt 20-40 2,24 2,35 0,07 0,08
near smaller 40-60 1,87 2,24 0,02 0,09
industrial units 60-80 2,24 3,72 0,04 0,06
80-100 2,58 3,18 0,04 0,06
Sajébdbony 87 0-10 4,83 2,20 0,19 0,01
200 m from Chemical 10-20 3,32 1,87 0,16 0,02
Industrial Unit on 2040 2,21 1,32 0,09 0,07
a meadow beside a hill 40-60 2,02 1,32 0,04 0,07
60-80 2,19 1,25 0,01 0,01
80-100 2,12 1,76 0,01 0,01
Rudabdnya 88 0-10 80,83 1,28 0,19 0,28
Pretreatment unit of 10-20 42,04 1,95 0,17 0,17
ores (200 m from 20-40 39,71 2,69 0,15 0,12
the Factory) 40-60 6,72 1,10 0,02 0,05
60-80 3,99 0,90 0,07 0,02
Didsgyor 89 0-10 51,24 2,55 0,51 0,17
beside the electrical 10-20 35,00 2,88 0,19 0,17
power plant 20-40 26,81 2,89 0,01 0,14
Sajopetri 90 0-10 83,91 2,31 4,34 0,66
Saj6 river sediment
Sajélad 91 0-10 103,00 2,57 6,16 0,40
riverbank, soil on 10-20 75,70 2,84 6,45 0,88
river sediments, 20-40 4891 1,44 7,48 0,86
meadow 40-50 64,33 1,24 4,89 0,98
Muhi 92 0-10 5,95 4,40 0,31 0,10
meadow soil on river 10-20 3,42 5,00 0,18 0,06
sediments 400 m from 2040 2,29 5,87 0,11 0,05
River Saj6, 20 km 40-60 1,70 5,38 0,09 0,02
from Saj6lad 60-80 1,83 5,45 0,06 0,03
80-100 1,61 5,52 0,04 0,01
Nagycsécs 93 0-10 1,97 0,73 0,04 0,01
river branch of Sajé 10-20 3,55 1,12 0,05 0,04
immediatly in riverbank 2040 2,83 053 - 003 0,02
sediment 40-60 1,96 0,59 0,05 0,01

Pb contamination near major traffic routes

The organophilicity in distribution of Pb is shown by its distribution in Figure 1. On
Highway M-7, Pb is strongly associated with the surface layers and its mobility in the
profiles is very low.

In Figure 1b, the movement of Pb in the air from the road was influenced by the shape
of the soil surface and by the flow patterns of the air.
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(M-7 road, Székesfehérvédr 57,5 km from (M-7 road, Szabadbattydn, é4 km Budapest)
Budspest) *
PLmg/kg Pomg/kg
204 204
101 ¥ 0-10cm 10
10-20cm
20-40cm
+ — ' } ' N
0 10 20 g™ 0 10 20 30 40 so ™

10 20 30m

10

15

Figure 1 Pb contamination depending on distance from the investigated roads and in depth in soil profiles

A clear rule linking EPCs of soils with toxic metal distribution can be seen in Figure
2. The differences in the organophilicity of Pb, Ni and Cd was associated with big
differences in the distribution of these heavy metals in soil profiles; Pb was the most
organophilic and was associated with layers with high EPCgs. The mobile amount of Pb
decreased in the layers with high EPC; values and increased for low EPC_s. Where the
EPC, values were low, the mobility of the metal was relatively greater. Ni and Cd
showed similar but very slight organophilicity.

Mercury in soil profiles and river sediments

The most important conclusions of our results are summarized in Figures 3a, 3b, and 3c
in which the EPC, values of the soil profile layers are compared with the levels of
mobile heavy metals. The comparison of these values in the profiles and soil layers leads
to a general rule. The differences in the risk of environmental contamination depends on
the EPC s of the soils.

Figure 3a corresponds to the highest risk of contamination. The lowest EPCs of soils
were associated with high mobility of heavy metal contaminants in the soil profile.
Intermediate EPC, values are associated with middle levels of contamination (Figure 3b)
and moderate risk. Figure 3¢ shows the lowest risk of environmental contamination.
High EPC, values are associated with low contamination levels and low risk.

Further investigations will extend these results to enable better evaluation of the risk
of environmental contamination in soils and sediments.
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Figure 2 Relationships between environment protectional capacity of soils and organophility of heavy metal

contaminations (their distribution in soil profiles expressed in mobile amounts).
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A. High risk: low EPC values with high level of contamination
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B. Moderate risk: Middle values of EPC; with middle level of contamination
EPCq Pb . Ni Cdmalig
molkg
97 Tiszavasvéri FQ2
500 10
) 100
C. Low risk: High EPC; values with low level of contamination
EPC, Pb NI Ldmglkg
95 Tiszapalkonya mg/kg
T ] 0.2
-
500 107
a
1001 n
U 0 Pt

Figure 3 The risk of environmental contamination: EPC; values of soils compared to their contamination
with heavy metals (expressed in mobile amounts).
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