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Abstract: Lead, copper and zinc interacted with the soil organic matter when applied to an ordinary chernozem
in a pot experiment. Two years after the treatment, an appreciable part of the metals applied was found in the
organic substances, predominantly in a loosely bound state. These organic substances were supposed to be
organomineral complexes, the formation of which resulted in the partial destruction of humic acid molecules.
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INTRODUCTION separately or simultaneously at rates of 0, 25, 50, 75, 100,

The heavy metals (HMs) are related to the chemical moisture capacity. The vessels with the samples were
properties of soils in various ways. The uptake of heavy placed in the soil so that they were even with the earth's
metals by soils was found to be dependent on the soil surface and they were incubated under natural conditions
composition and properties [1, 2]. The uptake of heavy for two years. During this time period,  Odesskii-100
metals,  in  turn,  affects  the  pH  [3],  the  nutrient  regime barley was twice sown and harvested in the pots. The
[4, 5], the microbocenosis status and the biological experiment  was  conducted  in triplicate. Soil samples
activity of soils [6, 7]. Special attention is paid to the were taken from the pots and analyzed before the
participation of organic matter in these processes. beginning of the experiment and after 1 and 2 years of

The aim of this work was to study the interaction  of incubation. This paper presents the results obtained after
heavy metals with the soil organic matter at different two years of the experiment.
levels and types of contamination. For this purpose, the The total contents of the metals in the soil were
regularities in the adsorption of metals by organic matter determined after the decomposition of the soil with HF +
were studied simultaneously with the related alterations HClO . This analysis pattern was used for the samples
of the organic matter in an experiment on the artificial most contaminated with metals applied separately (100
contamination of a chernozem with metals. and 300 mg/kg). From separate samples, HM compounds

MATERIALS AND METHODS with pH 4.8 [8] and a mixture of AAB and 1% EDTA with

A  pot  experiment  was  conducted  with  the  upper a soil to solution ratio of 1: 5; the time of the extraction
(0-to 20-cm) layer of an arable calcareous clay loamy was 18 h [9]. These parallel extractions were performed for
ordinary chernozem with the following properties: pH all 36 experimental treatments (six rates of three metals
water-7.2; particles <0.01 mm-59%; CaCO -3, 1.1%; C org- applied separately and in combination). The content of3

2.3%; exchangeable  cations (mmol kg ): Ca -290; Mg - the metals in all extracts was determined by atomic1 2 2+

30; Na -1. absorption spectrophotometry.+

A draining layer (a 3-cm thick layer  of  claydite and We  suppose  that  the  content  of  metal  (Me) in
a 3-cm thick layer of washed river sand) was placed in the 3.2 M CH COONH  extract after oxidation with 30%
polyethylene vessels. The layer was covered with 4 kg of H O  in the presence of 2 M HNO  and heating to 85°C
triturated (to <5 mm) and thoroughly homogenized  soil, characterizes the metal compounds strongly bound to
to which Pb, Cu and Zn were applied as dry acetates organic  components  of the soil. Hydrogen peroxide in an

150 and 300 mg/kg. The samples were wetted to the total

4

were extracted with an ammonium acetate buffer (AAB)

pH 4.8 [9]. In both cases, the extraction was performed at
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acid environment is an active oxidant of organic Results  and  discussion.  An  ordinary  chernozem
substances in the soil. According to different authors, was  artificially  contaminated  with  Pb,  Cu  and  Zn at
this treatment oxidizes 80--95% of the organic substances rates from 25 to 300 mg/kg. The highest rate corresponded
in the soil [10]. Isolation of these forms was preceded by to  3   maximum   permissible   concentration  (MPC)  for
the displacement of the equilibrium-exchangeable metal the  neutral  loamy  and  clay  soils;  for  Pb,  to  3.5  MPC
ions bound to carbonates and nonsilicate compounds of for  Cu;  and  to  1.5  MPC  for  Zn.  The  initial  contents
iron, aluminum and manganese [2]. of  the  metals  in  the  soil  were 24, 44 and 65 mg/kg for

The AAB with pH 4.8 presumably solubilizes all the Pb, Cu and Zn, respectively (Table 1). The data variations
potentially exchangeable ions, among which are those observed for each experimental treatment (about 10%)
retained by organic substances as the main carriers of indicate  a  satisfactory  reproducibility  of  the
exchangeable positions in the soil exchange complex. experimental   conditions   in   the   treatments   studied.
Metal compounds extractable by an AAB + EDTA The  increase  in the content varied among the elements.
solution are classified among the potentially mobile forms. At an application rate of 300 mg/kg, the total content of
Along with the exchangeable ions, these compounds the element increased by 14 times for Pb and by 6--8 times
include the organomineral complexes of metals. Solov'ev for Cu and Zn.
[9] and McLaren and Crawford [11] also believe that the The  mobility  of  the  metals  in  the  contaminated
treatment of soils with this mixed reagent predominantly soils increased. In the control treatment, mobile
solubilizes the metals loosely bound to organic compounds made up 1--4% of the total metal content; i.e.,
substances. 96--99% of the metals were strongly retained by the soil

We calculated the contents of the following groups components. When the load increased, the relative
of compounds: (1) metal compounds strongly bound to content of strongly bound forms gradually decreased and
organic and mineral soil components (from the difference the share of potentially mobile metal compounds
between the total metals in the soil and their potentially increased. Mobile compounds made up 12--18% of the
mobile compounds) and (2) metal compounds bound in total metal content at the separate application of the
complexes with organic matter (from the difference metals and 23% under the polyelement contamination.
between the contents of metals in the AAB + EDTA and These changes were most pronounced for Pb and Cu
AAB extracts). (Table 1).

Table 1: Total  contents  of  Pb,  Cu  and Zn (mg/kg, above the line) and the ratio between the strongly bound and potentially mobile metal compounds

(% of the total content, under the line) at the separate and combined application to the soil

Pb Cu Zn

---------------------------------------------- ----------------------------------------------- ------------------------------------------

Experimental treatment separately simultaneously separately simultaneously separately simultaneously

Control 24* 24 44 44 65 65

96/4** 96/4 99/1 99/1 99/1 99/1

25 mg/kg 44 56 71 79 89 82

94/6 93/7 97/3 96/4 97/3 84/6

50 mg/kg 76 80 90 105 121 110

92/8 89/11 94/6 84/6 98/2 94/6

75 mg/kg 94 98 121 112 137 141

91/9 87/13 93/7 91/9 97/3 94/6

100 mg/kg 125 118 139 150 159 172

90/10 86/14 90/10 89/11 95/5 96/4

150 mg/kg 169 161 189 180 211 224

91/9 86/14 94/6 89/11 84/6 94/6

300 mg/kg 318 330 346 330 360 376

82/18 79/21 83/17 77/23 88/12 87/13
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Table 2: Contents of Pb, Cu and Zn in the organic substances and the potentially mobile compounds (mg/kg, above the line; % of the total content in the

soil, under the line)

Pb Cu Zn

---------------------------------------------- ---------------------------------------- -----------------------------------

Experimental treatment 1 2 1 2 1 2

Control 6,8/29 0,8/4 4,4/10 0.5/1 1,3/2 0,7/1

100 mg/kg 57,4/49 13,0/10 55,7/40 13,9/10 6,4/4 8,0/5

300 mg/kg 156,0/49 89,0/18 131,0/38 76/17 21,6/6 156/12

Note: (1) content of metal strongly bound to organic matter; (2) potentially mobile metal compounds.

The 6-to 14-fold increase in the total content of It might be expected that the formation of potentially
metals in the contaminated soils was accompanied by an mobile metal compounds would be affected by the
increase in their content in the organic substances by 17-- displacement and substitution of exchangeable ions Ca
30 times (Table 2). The enrichment of the organic matter and Mg  in the soil exchange complex, where organic
with metals depended on the nature of the metal. Under matter is the major carrier of exchangeable positions.
the experimental conditions, a major part of the Pb and Cu However, the previous studies [14] showed that the
applied to the soils entered into the organic matter. relative content of exchangeable metals extractable with
According to their capacity for being adsorbed by the soil MgCl  varied only slightly with the increasing metal rate.
organic  matter,  the  metals  formed  the  following  series: The share of metals loosely bound in complexes with
Pb > Cu > Zn. organic matter and extractable with EDTA increased to a

The above series of metals corresponds to the significantly higher degree. A linear relationship was
stability parameters of their complexes with the humus observed between the content of these compounds and
substances [12]. This series also corresponds to that of the application rate of the metals.
the metal ion radii values (Pb > Cu > Zn), which suggests We think that the formation of potentially mobile
that the ion size of the metals affects their  retention by organomineral compounds in contaminated soils can
the organic substances. result from the direct interaction between a metal and

A major part of the metals retained by the organic organic substances. Different mechanisms were proposed
substances in the chernozem studied was  found  in  the for their interaction, which include the formation of mono-
mobile form. In the contaminated soils, the organomineral and bidentate inner-and outer-sphere complexes. Some
compounds made up about half the total content of metals examples of the resulting structures are given below
in the organic matter; in the uncontaminated soils, their (Senesi, 1992, cited from [12]):
share was no more than 10% (Table 2). The complexes differ in stability; e.g., the outer-

In the control treatment, the content of metals  in  the sphere complexes are less stable than the inner-sphere
AAB + EDTA extract varied from 1% of the total content complexes. The effect of metal ions can result in the
for Cu and Zn to 4% for Pb. The increase in the content of disturbance of the molecular structure of humus acids, the
potentially mobile compounds in the contaminated soils breaking of bonds between the constitutional atoms and
depended not only on the nature of the metal and the rate the creation of new centers for the formation of mobile
applied, but also on its application mode. At the separate organomineral complexes. Their content can increase
application, the share of potentially mobile Pb and Cu, because of an enhancement in the microbiological activity
which are more active complexing agents, increased from due to the stimulating effect of relatively low metal rates.
3--6% of the total content at a rate of 25 mg/kg to 17--18% This implies that the complexation of metals can activate
at 300 mg/kg; the share of Zn increased from 3 to 12% the organic substances. Stanton [15] wrote that the
(Table 1). This effect was enhanced by a factor  of  1.5  at interaction between metals and organic substances in
the combined application of the metals. The series of contaminated  soils  can  result  in  their  mutual
metals arranged in accordance with their content in the mobilization. Raskatov [9] also noted an increase in the
potentially mobile organomineral compounds is similar to solubility of humus substances under the effect of metals
that found for the metals strongly bound to organic and related this fact with the modification of humus acid
matter: Pb > Cu > Zn. Similar tendencies were observed by molecules, the appearance of new functional groups in
by Wang and Huang for humic and fulvic acids isolated their structure and the formation of more stable soluble
from compost [13]. complexes.

2+

2+

2



World Appl. Sci. J., 26 (3): 406-409, 2013

409

CONCLUSIONS 7. Almas, A.R., 2003. Changes in Tolerance of Soil

Along  with the direct toxicological biochemical Soil. In the Proceedings of the 7  International
effect, the metal contamination can also result in the Conference on the Biogeochemistry of Trace
degradation of soils and the deterioration of the Elements. Uppsala, Sweden, 2: 224-225.
pedochemical parameters. The single-step contamination 8. Krupskii, N.K. and A.M. Aleksandrova, 1964.
of the soils with relatively low metal rates (2--3 MPC) Determination of  Mobile  Forms  of  Trace  Elements.
resulted in a partial mobilization of the humus two years In Trace Elements in the Life of Plants, Animals and
after the treatment. Humans. Kiev: Naukova Dyumka, pp: 34-36 [in
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