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DYNAMICS OF COMPETITIVE SORPTION OF HEAVY METAL CATIONS
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R. Gaszezvk, P. Muszynski

Depariment of Chemistry, Agricultural University, Akademicka 15, 20-033 Lublin, Poland

A bstract Modet rescarch on competitive sorption of heavy metal cations (Cu2+. Zn®t Ni™’,
Co", Cd** and Cr**) with Pb>* cations was carried out in the following mineral soils: grey-brown
podzolic derived from weakly loamy sand (Podzoluvisols) and grey-brown podzolic derived from lo-
ess (Orthic Luvisols) using a dynamic method.

Investigation on the course and the range of the sorption from the twvo-component solutions allowed
to determine mobility of individual heavy metal cations in relation to lead (TT) cations, At the same time, it
allowed to evaluate their phyto-availability. Elements, which most easily entered sorptive complexes of
both of the investigated soils were copper (11} and chromium (111} cations. The rest of the cations showed
different energy levels of entrance with simultaneous sorption with lead (11) cations.

During competitive sorption of heavy metal cations, i.e. at saturation the columns with twe-
component solutiens, the presence of the second, opposite process namely desorption of the follow-
ing cations from the soil: C02+, Zn2+, Ni2+, and Cdz'. was observed. Desorption levels were
characteristic for particular cations and depended on the type of soil.

K ¢ y w o rd s: heavy metals, competitive sorption, mineral soils.

INTRODUCTION

Mobility of heavy metals, their activity and bio-availability are influenced by
many factors, such as: pH, temperature, oxidation-reduction potential, sorptive
soil capacity, complexing by anions, composition and concentration of soil solu-

tion components, and competition with ions of other metais [1}.
Reactions of ion exchange are reversible, influenced by diffusion, stechiomet-

ric, and selective. They occur between the cations situated in the Guy-Chapman’s
double diffusion layer and cations in the solution. The processes of adsorption are
then explained as generation of outer-sphere complexes with surface functional
groups on the basis of electrostatic bindings [13]. In such complexes, at least one
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particle of the solvent (water) is situated between the functional group and the ion [15].

A dynamic research method for the competitive sorption of lead (I1) cations with
cobalt (1), copper (11}, zinc, nickel (I1), cadmium, and chromium (11I) cations in min-
eral soils is presented in this paper. The aim of this research with model character, was
to evaluate chemical affinity of the six heavy metal cations introduced, together with
lead (11) cations, into the soil material with different physical-chemical properties. The
aim was also to evaluate durability of their bindings in the sorptive complex.

MATERIAL AND METHODS

The following two soils were examined: grey-brown podzolic derived from
weakly loamy sand (Podzoluvisols) and grey-brown podzolic derived from loess
(Orthic Luvisols). Characteristics of the fundamental properties of the investigated
soils is given in Table 1.

Sorption of heavy metal cations was carried out in columns, in which 100 g of
loose poured soil material was placed. The material was then moistened with re-
destilled water with the capillary rise method. Then, a two-component solution
containing Pb(NO3)2 and respectively NiClz, CoCl2, CdCla, CuCls, or ZnCl2
(with the Me>" concentration 0.0166 M) and CrCls (with the Cr** concentration
0. 0111 M) was dropped in on the top of the column with a constant rate of 2
cm>/min. The rate was achieved with the help of a peristaltic pump. This operation
was being performed until sorptive saturation was reached af'ter putting through
180 cm® of the solution. The effluent was collected into 10 cm® portions using a
fraction collector. The content of metals in those portions was evaluated with the
AAS method [6].

Tablc 1. Some properties of the soils used in the experiments

Percent of soil fractions Available forms
(mm) Niot. Corg. _ pH  Specific (mp/ke soil)
Soil 1.0- 0.1- 0.02- <0poz 0 (%8) surfaczc area
0.1 0.02 0.002 H0o KO ™78 pos K0 Mg
Podzo-
luvisols 80 14 2 4 004 050 55 4.7 13 128 107 1.0
Orthic 1 63 27 9 010 213 48 43 24 40,0 227 4.1

Luvisols
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RESULTS

Pouring two-compenent solutions, that contained lead (I1) cations, also cations
of cobalt (IT), copper (IT) zinc, nickel (I1), cadmium, and chromium (lI), through
soil columns beside a permanent component resulted in varied sorption in the soiis
with different physical-chemical properties.

Among all the two-component combinations used in the MeClx - Pb(NO3)2
solution type the cations that were most frequently subject to sorption were: lead
(IT) in both investigated soils. The sorption level depended on the soil type, as well
as co-sorbed cations (Figs | and 2).

In the loess soil, the sorption of Pb>" cations occurred in a much wider range
than in the sandy soil, which seems comprehensible considering high differentia-
tion in the contents of clay fractions and specific surface areas of both soils.

Differentiation of the level of Pb>" cations sorption and co-sorbed cations of
heavy metals occurred also within the same soil. The highest differentiation in the

orptson of Pb2" cations in the sandy soil was observed in the solutions wuh NiZ*

and Co** cations, and in the case of Ioess soil - in the solutions with Ni** and
2+

Zn* cations. Presence of Cu®" and Cr** cations in the saturating solutions caused

a decrease in the magnitude of sorption of Pb>* cations in both investigated soils

(Table 2 - columns A).

Presence of Pb>" cations in all the solutions introduced to the soil columns di-
rectly affected the level of sorption of the second component, as well. Antago-
nisms between the co-sorbed cations, as well as competition while filling sorptive
positions in the sorptive complex, occurred in the process of sorption from the
two-component solution.

The greatest affinity to both lnvcstlgated soils was observed for (beside the
Pb>" cations described previously) Cu?" cations which had been subjected 1o sorp-
tion in certain conditions in the widest range (Table 2 - columns B). Other heavy
metal cations were sorbed in respectively smaller ranges: about 0.2-0.3 mmol less
in the sandy soi! and about 0.2-0.4 mmol less in the loess soil.

Considering the sorption level of individual cations from two-component solu-
tions with Pb" cations as permanent components we can create sequence of en-
trance into the investigated soils: into the sandy soil: Cu > Zn > Ni > Co > Cr > Cd;
into the loess soil: Cu>Ni=Zn 2z Cr> Cd > Co.

The research described above had also proved that there is competition, which
could be observed as for example, desorption of heavy melal cations during the
process of sorption from two-component sofutions (Table 2 - columns C).
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Fig. 1. Course of competitive sorption of heavy metal cations with lead {I1) cations in sandy soil. ¢ -
. - - . . *a . .
concentration of Me™ in a given cffluent portion; co - concentration of Me™in the solution intro-

duced to the column.
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Fig. 2. Course of compelitive sorption of heavy metal eations with lead (11} cations in loess soil, ¢ -
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duced to the column.
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Table 2. Quantity of the sorbed and desorbed heavy metal cations in the soils afler competitive
sorption (in mmol)

Soil o

Cation __ Podzoluvisols _ Orthic Luvisols

A B C A B c___
Cuf’ 1.272 0.769 0.012 2.156 1.240 0.047
Zn?* 1.303 0.596 0.096 2.408 1.004 0.343
Crf* 1.282 0.469 0.009 2.177 0.999 0.000
it 1.366 0.569 0.106 2.579 1.009 0.379
cd?* 1.299 0.447 0.177 2378 0.880 0.289
Co** 1.362 0.494 0.133 2277 0.805 0.266

In those conditions Cd>" and Co”" cations in the sandy soil and of Ni** and
Zn>* cations in the loess soil, were most exposed to desorption. We should empha-
size here that Cu2+ and Cr°" cations were desorbed in very small amounts (Cr3+
cations did not appear in the effluent from the loess soil at all).

Therefore, on the basis of this criterion, we can create a sequence of exit of
heavy metal cations from the investigated soils: from the sandy soil: Cd > Co > Ni
> Zn >> Cu 2 Cr; from the loess soil: Ni > Zn > Cd > Co >> Cu>Cr.

DISCUSSION

This research on the competitive sorption in dynamic conditions proved that the
presence of Pb’* cations in two-component solutions saturating soil columns caused a
decrease in the sorption of the following cations: Cd2+, C02+, Ni** and Zn>*,

Similar conclusions were drawn by Rimmer and Yongming [12] and Bibak [3],
who investigated competitive sorption and found that Cu** cations were the fac-
tors that caused a decrease in the sorption of Ni®" and Zn*" cations. Chen et al. 4]
and Gosponder and Schmidt [7] proved that the presence of Pb*>* and Cu®* cations
in soils caused an increase in the bio-availability of cadmium and its greater up-
take by plants. Zhu and Alva [17] explained a decrease in cu?t adsorption in the
presence of Ca** and Mg2+ cations by the phenomenon of ion competition to-
wards places of exchange in soil colloids.

Competitive sorption of cations and their influence on one another was also in-
vestigated by Harter [8], who stated that Ni?t sorption did not affect on the cu?t

- : M 24 .
sorption while the presence of Cu™" cations influenced the level of Ni©" sorption.
The above author proved also that Ni** cations competed with Co** cations in the
soil sorptive complex.
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However, no one has managed to determine the rules governing selectivity of
organic matter in relation to cations of heavy metals, yet. That sorption depends,
among others, on the chemical nature of organic ligands, on the reaction, and on
the 10n force of the saturating solution [10]. According to Ehot et al. [5] Cu* and
Cd*" cations are mostly bound to organic matter, while Pb2" and Zn>" cations get
bound on the surface of minerals. Schmidt and Sticher {14] explained binding of
organic matter with metals by creation of complexes with great selectivity and by
the presence of two active centers in the soils: specific in relation to metal cations
and non-specific, causing desorption and a decrease in the sorption intensity [16].

According to Murali and Aylmore [11], the course of competitive sorption in dy-
namic conditions is characterized by the appearance of desorptive processes in some
of the components, and further sorption in the rest of them. That phenomenon ex-
plains the occurrence of the surplus of some heavy metal cations in various parts of
natural environment, which was also proved by the results presented in this paper.

CONCLUSIONS

When two-component solutlons WIth sz catlons and other heavy metal cations,
such as: Cu , Zn2+, Ni , * Cott Cd' and C** were run through columns of two min-
eral soils, the following effects were observed in the conditions of competitive sorption:

1. Pb>" cations had the greatest entrance energy mto both mvestlgated soils
and they significantly limited the sorption of Zn N! Co * and Cd** cations.

2. Transient fevels in the desorption of Cr** cations mdlcate that these ions fill
sorptive place with great binding energy, i.e. places with great affinity towards the
mvesugated s0ils.

3. Cu™t and Cr** cations caused the greatest decrease in the level of PH2
sorption in both investigated soiis.

4, Shapes of the desorption isotherms indicate that the forces binding cations of
the investigated heavy metals to the sandy soif were greater than in the loess soil.

5. The succession of heavy metals in the created sequences of entrance did not
conform to the levels of ion potential. the first constants of pK hydrolysis, or to the
succession based on the Pearson’s theory of hard and soft acids and bases (HSAB).

The analysis of course of sorption isotherms suggested the existence of two
kinds of sorptive places: those with high and those with low bmdmg energy ln re-
lation to individual fons of metals. This research showed that Pb** and Cr*" cat-
ions showed the greatest specificity lowards sorptwe places w1th high bmdmg
energy compared to other, co-sorbed cations: Cd' zn** Nl Co ,and cu®
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