V. Alips-Adria Scientific Workshop Opatija, Croatia 2006,

CHANGES OF AVAILABILITY OF SOME MICROELEMENTS
INHEAVY METAL AMENDED SOIL

Lajos SZABO — Ldszl6 SZEGED!

Department of Environmental Management and Agronomy
Karoly Robert College, FI-3200 Gyongyds, Matrai str. 36., Hungary

Introduction

Environmental pollution is placing and ever-increasing load on various environmental
resources, including soil. There are increasing interest in potentially toxic microclements and
hazards related to heavy metals and environmental pollution (Szabo-Fodor 1998, Fodor 2000).
The loading threshold values for soils is a function of the soil properties (pl, soil organic matter
content, clay content, type of clay materials, etc.) (Kadar-Morvai 1998, Fodor 2002).

There are no universal solvents or methods that provide a satisfactory characterization of the
exchangeable or plant available fractions of all harmful materials in various soil types. At the
present time, the total content is used to estimate the level of microelement contamination
(Fodor-Szab¢é 2003). As most microelements and heavy metals are strongly bonded to soil
particles (minerals and oxides), the total content docs not indicate the actual availability
and/or mobility of elements. From physiological, ecological and hazard aspect, the more
soluble fractions are more important (Fodor 1998, Fodor-Szabo 2003, Kadar et al. 2000). Our
objective was to follow the changes of mobility of various microelements after heavy
application rates to the soil.

Methods

A long term field experiment on microelement loading was initiated at Tass-puszta Model Farm
of the Karoly Rébert College in November 1994. The experiment was designed as a split-plot,
where the eight applied elements (Al, As, Cd, Cr, Cu, Hg, Pb, Zn) were the main plots and the
three application rates (0/30, 90 and 270 kg element ha™) were the sub-plots. Water soluble salts
of the above elements were mixed into the 20-30 c¢m cultivated layer of the soil. The soil
textural class is clayey-loam with a bulk density 1,21 g em® (vertic cambisol). The main soil
properties are the following: pH(Hzo)=6,2; pHxey=5,4; ¥1=9,5; no CaCOs; 3% humus; upper
limit plasticity (Ka)=45; 30-35% clay content).

Samples were taken from the upper horizon of the soil (0-30 cm) in 1995, 1996 and 1997. The
soil samples were subjected to the NHs-accetate+EDTA extraction solution to determine the
amount of available elements. Total element content was also determined using the extracting
solution ¢c.HNO;+cc.H,O,. ICP AES was used to analyze the element concentration in the
soil samples.

303

DOI: 10.1556/CRC.34.2006.1.76



Vol. 34 No. 1 2006 Cereal Research Communications

Results and discussion

Treatments increased the plant-available element concentrations significantly in the plow
layer. Rate of 270 kg ha™ resulted in a more than 10-fold increase in concentration of
exchangeable clements in tilled depth. The concentration increase was even more pronounced
for Cd, Cr, As and Hg based on the soil tests conducted in 1995 (Table 1).

Table 1 Effect of treatments on the available element content
in the ploughed layer

in the Rate of application in the fall of
Element control 1994, mg kg™' LSDse, Average
soil 0*/30 90 270
NH ~acetate+EDTA extraction, mg kg, 1995
Al* 127 119 156 188 24 148
Cu 7 22 32 98 24 40
Pb 6 18 35 96 32 39
Zn 7 24 58 75 25 41
Cd 0,2 13 37 117 35 42
As 0 14 38 98 29 38
Cr 0,2 2 5 12 4 5
Hg 0 3 4 17 4 6
NH -acetate+ EDTA extraction, mg kg, 1997
Al 110 113 110 126 14 115
Cu 7 9 25 47 10 22
Pb 6 12 23 36 8 19
Zn 7 16 20 37 6 20
Cd 0,2 8 22 43 12 18
As 0 0,2 7 14 7 5
Cr 0,1 0,1 0,3 0,7 0,2 0,3
Hg 0 0,1 0,3 0,6 0,2 0,3
Available fraction as a percentage of the added amount, 1997
Al* - 30 0 18 36 16
Cu - 20 60 44 22 41
Pb - 60 57 33 22 50
Zn - 90 43 33 40 55
Cd - 80 73 48 32 67
As - 2 23 16 22 14
Cr - 1 1 1 2 1

Hg - 1 1 1 2 1
* 30 kg ha” of Al was not applied. This plot received no application and served as the
control for the Al application rates.

In two years the concentrations of clements extractable by NHs-acetate+tEDTA decreased
significantly in the tilled layer. Chemical bonding in the soil was most pronounced with Cr
and Hg, the NHy-acetate+EDTA extraction of the following elements all decreased by the
indicated amounts in these two years: As-85-90%, Pb and Cd-50-60%, and Cu and Zn-45-
50%. Transformation rate of elements from that in the NHj-acetate+EDTA extractable form
to the less soluble forms was different for all elements.
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It is considerable interest to examine the proportion of the elements that were present in the
HNj-acetate+EDTA soluble form three years after application. Practically all of the Cr and
Hg added in the soluble form were transformed into the in-soluble forms in the soil.
Immobilization (bonding) of Al and As was also significant, averaged across all application
rates only 16 and respectively, of the added material was detectable with this method.
Between 40-60% of the CU, Zn and Pb was extracted with NH4-acetate + EDTA, while more
than 67% of the added Cd remained soluble to this extraction agent. It seems that this
important micro-contaminant remains more soluble in the soil than other elements for a longer
time. The Nils-acetate+EDTA soluble sequence of the element three years after application,
based on the percent of applied elements, was: Cd, Zn, Pb, Cu, Al, As, Hg, Cr.

The proportion of “total” and available concentration within a soil sample varied for the
different elements (Table 2). Available Cr and Hg forms are rapidly transformed into
insoluble forms in the soil. The soil test carried out in 1996 provided additional evidence of
the higher solubility of Cd, Pb and Cu in the soil compared to the other added elements. The
available Cd forms represented 85% of the “total” as compared with 64% Pb and 61% Cu.
Exchangeable/soluble forms in proportion of the “iotal” expressed in percent gave the
following series: 85% Cd, 64% Pb, 61% Cu, 33% Zn, 26% As, 8% Hg and 2% Cr.

Table 2 Results of soil analysis in the 0-30 cm layer of plots
with 270 kg ha ~' element load, 1996

Element Total amolunt Availab{e Available fraction
(mgke ) (mgke') (% of total applied)
As 75 19,9 26
Cd 90 76,6 85
Cr 101 22 5
Ou 82 49,9 61
Hg 39 3,3 8
Pb 46 29,4 64
Zn 150 49,2 33 .
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Conclusions

The majority of microelements (micro-contaminants) that enter the soil accumulate in the
upper 30 cm. The rate of transformation and bonding in the soil was different for each
element. The proportion of exchangeable forms in the soil decreases with time, but the series
based on NHj-acetate+tEDTA extraction practically remains the same. The extractable
contaminants (Cd, Zn, Pb, Cu) in the soil can be separated from those that are readily
transformed into insoluble/non exchangeable, bonded forms (As, Hg, Cr).
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