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Abstract: The system of estimation of heavy metal mobility in soil was offered. It allows revealing the
mechanisms of metal compounds transformation in soil under contamination and different meliorants addition.
Contamination of chernozem with lead leads to increase of metal mobility in 2-3 times. It is shown the direction
of processes of lead transformation in chernozem. Meliorants addition decreased the lead mobility in soil. The
effect depended on the ameliorant and was most significant at the simultaneous application of chalk and
manure. General and specific features were revealed in the transformation of compounds of two metals under
the effect of ameliorants.
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INTRODUCTION Chernozem, FAO). The soil had an organic C content of

The Rostov region (Southern Russia) is the 0.364 g kg , silt content of 345 g kg  and a physical clay
developed industrial area. Thus, there are several major content of 580 g kg , CaCO  content of 1,5 g kg ,
sources which provide variety organic and inorganic exchangeable Ca  and Mg  contents of 300.0 and 450
pollutants. Lead are the most common widespread element mmol kg , respectively. 
which have been found to exist in the region [1]. The top layer of the soil (0-20 cm) of filed plots (2 m
Redaction of soil and therefore, crops contamination with each) was contaminated with different doses of easy
HM could be achieved by additions ameliorants to soluble lead acetate salt. The rate of Pb addition would
polluted soils [2]. Nowadays, applying the carbonates
(CaCO ),   organic   additives   and   zeolites   is   the  most3

effective techniques for reducing heavy metal  contents
to maximum concentration level (MCL) in agricultural
products [2-6]. The aim of the research is to determine the
mobility of lead in contaminated chernozem after the
application of ameliorants.

MATERIALS AND METHODS

The effect of different ameliorants on ordinary
chernozem contaminated with heavy metals was studied
in the micro-plot, long-term field experiment in the
Rostovskii state crop testing site. Soils were developed
under moderate continental climatic conditions with an
annual rainfall 400-550 mm.

The object of this study was the deep ordinary
chernozem developed from the loess-like loam (Haplic

3,8%, extractable P O content of 0.06 g kg and K O of-1
2 5 2

1 1

1 1
3

2+ 2+

1

2

approximately equal to existing level of contamination of
soil in Rostov region [8]:,– 0.96 g kg . Chalk (2.5 kg m1 2

and 5.0 kg m ), glauconite sand (2.5 kg m ) and cattle semi2 2

decomposed manure (5 kg m ) were separately and in2

combination added to the soil.
Chalk (2.5 and 5 kg m ), glauconite (2 kg m ) and2 2

semidecomposed animal manure (5 kg m ) were used as2

ameliorants, as well as their combinations according to the
following experimental design: (1) Without metal addition;
(2) Pb; (3) Pb+2.5 kg m of ñhalk; (4) Pb + 2.5 kg m of2 2

ñhalk + 5 kg m of manure; (5) Pb +5 kg m  of chalk; (6) Pb2 2

+ 5 kg m of ñhalk + 5 kg m of manure; (7) Pb +2 kg m  of2 2 2

glauconite; (8) Pb +2 kg m  of glauconite 5 kg m of2 2

manure; (9) Pb + 5 kg m of manure.2

The experiment was started in  2004  and  performed
in triplicates. Soil was artificially contaminated with Pb
acetate. Ameliorants were applied 2 months after
contamination.  The study of aftereffect was  started  one
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year later. In the following year a soil samples from the top the acetate ion can solubilized, along with
layer (0-20 cm) was removed, air-dried and sieved (<2 mm) exchangeable forms, metals bound to complexes with
for subsequent chemical analysis. Experiment was carried organic substances. It is suggested that extractable
out till 2008 and soil sampling procedure was same each metals are relatively weakly bound to organic matter
year. (McLaren, Crawford, 1973). The concentrations of the

The total Pb content was determinate by X-ray metals in the complex compounds can be calculated
fluorescence. The content of mobile forms of Pb was by the difference between the concentrations in
determinate by the atomic absorption spectrophotometry extracts NH OAc + EDTA and 1NH OAc [8].
(AAS). Two major groups were determinate of Pb 1 N HCl (1: 10 extraction ratio for 1 h) is used for
compounds: firmly bonded and loosely bonded to soil extraction forms which bound to amorphous
components [7]. The loosely bonded (LB) metal consists compounds and carbonates. The amount of
of mobile forms and includes exchangeable, complex and specifically absorbed metal compounds is calculated
specifically absorbed compounds. The group of firmly by the difference between the metal concentrations in
bonded (FB) Pb mainly includes compounds firmly fixed HCl and NH OAc extracts and represents a potential
in a crystal lattice of primary and secondary minerals. reserve (acid soluble) of mobile forms of HMs in the
Also, it includes low soluble salts of Pb and stable soil [8].
organic-mineral complexes. 

Parallel extraction was used to detect the content of RESULTS AND DISCUSSION
loosely bonded group of metal with: 

Metal compounds extractable by 1 N ammonium (Table 1) during three years of the study. That is within a
acetate buffer solution (CH COONH ) with pH 4.8 normal level of presents this metal in the soil. Commonly,3 4

(soil: solution ratio of 1: 5, extraction time 18 h) metal in unpolluted soils (up to 85-88% of total content)
characterize the actual reserve of mobile metal forms are firmly bonded to soil particles [10]. Not only heavy
in the soil. metals contents increases with contamination (it exceeds
The mixed reagent (1 N CH COONH  + 1% EDTA) MCL in 3.6 times), but concentration increase affects3 4

with pH 4.8 (soil: solution ratio of 1: 5, extraction time metals mobility. Thus, there is a major danger to
18 h) containing a more active complexing agent than environment.

4 4

4

The Pb content at control sites was 24-28 mg kg 1

Table 1: The total content (numerator) and the ratio between the loosely and firmly bound Pb compounds (denominator) during 3 years after the application
of ameliorants

Experimental treatments 1 year 2 year 3 year

Without Pb addition 24 24 28
15/85 15/85 12/88

Pb 110 101 100
38/62 45/55 42/58

Pb + glauconite 106 111 108
32/68 31/69 16/84

Pb + manure 110 102 106
26/74 27/73 24/76

Pb + glauconite + manure 109 101 111
22/78 25/75 17/83

Pb + chalk, 2.5 kg/m 111 105 1012

18/82 31/69 12/88
Pb + chalk, 5 kg/m 108 112 1032

17/83 23/77 17/83
Pb + chalk, 2.5 kg/m  + manure 105 112 1102

19/81 18/82 16/84
Pb+ chalk, 5 kg/m  + manure 114 106 1042

13/87 16/84 11/89
LSD for numerator 7,5 10,3 9,50.95
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Table 2: Loosely bound Pb compounds in ordinary chernozem during 3 years after the application of ameliorants, mg/kg

Compounds
------------------------------------------------------------------------------------------------------------------------------------------------------
Exchangeable Complex Specifically sorbed 
-------------------------------------------- --------------------------------------------- -----------------------------------------

Experimental treatments 1 year 2 year 3 year 1 year 2 year 3 year 1 year 2 year 3 year

Without metal addition 0,8 0,9 1,0 0,3 0,3 0,1 2,4 2,5 2,2
Metal (Me) 12,8 10,8 8,7 6,0 12,8 14,7 22,9 21,7 18,3
Me + glauconite 8,4 6,1 3,0 4,9 8,7 4,8 20,9 19,4 9,5
Me + manure 8,0 6,6 5,3 3,6 4,0 7,5 17,1 16,9 12,4
Me + glauconite + manure 7,2 5,3 1,5 1,8 6,8 6,6 14,9 13,1 10,5
Me + chalk, 2.5 kg/m 6,7 3,2 2,7 4,5 9,5 2,6 9,3 20,0 6,82

Me + chalk, 5 kg/m 4,6 3,0 0,9 4,2 5,4 1,8 9,5 17,7 14,52

Me + chalk, 2.5 kg/m  + manure 5,7 2,2 1,5 1,5 7,3 5,1 12,9 11,1 10,52

Me + chalk, 5 kg/m  + manure 4,5 2,0 1,0 0,2 4,9 3,4 9,8 10,0 7,12

LSD 1,4 4,0 1,1 1,3 2,3 1,6 9,9 10,5 4,00.95

Table 3: Loosely bound Pb compounds (numerator) and the ratio of their exchangeable, complex and specifically sorbed forms (denominator) during 3 years
after the application of ameliorants

Experimental treatments 1 year 2 year 3 year

Without metal addition 4 4 3
23/9/68 24/8/68 30/3/67

Metal (Me) 42 45 42
31/14/55 24/28/48 21/35/44

Me + glauconite 34 34 17
25/14/61 18/25/57 17/28/55

Me + manure 29 28 25
28/12/60 24/15/61 21/30/49

Me + glauconite + manure 24 25 19
30/8/62 21/27/52 8/36/56

Me + chalk, 2.5 kg/m 21 33 122

33/22/45 10/29/61 22/22/56
Me + chalk, 5 kg/m 18 26 172

25/23/52 11/21/68 5/11/84
Me + chalk, 2.5 kg/m + manure 20 21 172

28/8/64 11/35/54 9/30/61
Me + chalk, 5 kg/m + manure 15 17 122

31/1/68 12/29/59 9/29/62
LSD  for numerator 9.9 10.5 4.00,95

Note: Data in numerator and denominator are given in mg/kg and % of the group of loosely bound compounds, respectively.

In uncontaminated soil the percentage of the loosely specifically   adsorbed    forms    which    apparently   are
bonded metals compounds did not exceed 12-15%. The the  most  probable  reserve  of  firmly  bonded
soil was contaminated with Pb it was 62%. In fact, the compounds.
amount of the loosely bonded metals after their The amount of exchangeable and complex metal
application virtually unchanged during three years of the compounds were increased in the polluted soil in
experiment indicating the low-speed transformation in the comparison with unpolluted soil (Table 3). The contents
natural soil systems. The group of loosely bonded metal of exchangeable Pb forms exceeds the MCL (Table 2).
compounds is manly represented by specifically adsorbed However, the distributions of Pb among different forms in
forms (Table 2). the unpolluted and polluted soils were similar (specifically

Although   the   content   of   the   loosely  bonded sorbed > exchangeable > complex). There is high
Pb  forms  was  same  during  experiment,  the  ratio concentration of exchangeable Pb forms in soil (Table 2).
between compounds within the group has obviously The amount of these compounds was 3-10 times higher its
changed.  There  was  the  noticeable  increase of complex forms (for control variant) (Table 3). 
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Adsorbed metals were redistributed with time CONCLUSIONS
between soil components which have a stronger affinity
to them. Accordingly to fractionation analyze, organic
matter played pivotal role in lead adsorption, while R O2 3

and carbonates generally adsorbed zinc [9]. This has led
to an increase of complex Pb form (Table 2, 3). In general,
the concentration of exchangeable form of Pb decreased
after three years after the initial contamination. However,
their content till exceeded the MCL during two years after
contamination.

The total metal content was some even ameliorants
were applied (Table 1), but mobility of the former
decreased and depended on the type of used ameliorant
(chalk, manure or glauconite). Content of exchangeable
forms of Pb were decreased to the MCL and even below
during the first year of application of chalk (contrary other
ameliorants) (Table 2). Moreover, the amount of loosely
bonded compounds was also reduced by this treatment in
comparison with glauconite and manure treatments.

The main difference between 2.5% and 5.0% chalk
treatments regarding mobility of metal was that the
amount of specifically adsorbed forms of metal was
increased with the increasing of percentage of added
chalk while the content of the exchangeable forms was
reduced (Table 3). Both glauconite and manure applied
separately bonded Pb weaker then chalk. This can be
attributed to the selective adsorption of both and
possibly to insufficient period of interaction [10]. 

Organic matter of cow manure contributed to
relatively rapid formation of unstable complex compounds
of Zn which were broken out (disintegrated) already at
second year after manure application. After that the
released metal formed more stable organo-mineral
compound.

Accordingly to the efficiency of the separate
application of ameliorants in the fixation of Pb in the soil,
they can be organized in the following order: chalk >
glauconite ˜ manure. Thus, chalk was the best adsorbent
for Pb. 

The simultaneous application of manure and chalk
enhanced the sorption effect and resulted in the maximum
decrease in the content of loosely bound Pb compounds.
When the soil was composted with manure, the share of
specifically sorbed Pb forms increased and the contents
of loosely sorbed metal compounds decreased in the first
year (Table 3). In the following 2 years, the share of
complex increased for Pb. This could be due to the
formation of more stable Pb complexes [1]. 

The simultaneous application of chalk and manure
increased the relative content of its firmly bound forms to
the level of the initial soil. 

The system of evaluation of the heavy metals
mobility in soil was suggested. This system is based on
the analyzing and processing of the results of the
sequential extractions of metals and finding the contents
of the various groups of metals using calculation. This
approach has allowed to reveal the mechanisms of the
transformation of metal compounds in the soils after their
pollution and after adding of various ameliorants. 

Contamination of soil with Pb leads to increase of
their mobility in 2-3 times. Within the compounds of
mobile group the following changes occurs: the share of
mobile and complex compounds of Pb were increased,
while the amount of specific adsorbed forms was
decreased.

Equilibrium of Pb compounds in the investigated soil
(chernozem) was not achieved even within 3 years after
metals application. A transformation occurs in a group of
loosely bonded compounds with time. Pb compounds
were transformed from exchangeable to complex forms.

The application of ameliorants significantly
decreased the mobility of metals. The effect depended on
the ameliorant and was most significant at the
simultaneous application of chalk and manure. The
general evolution of the transformation of metal
compounds (from less to more firmly bound compounds)
accelerated by ameliorants remained for metal.
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