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Abstract. The dfed of soil addity, organic matter, ortho-phasphate and clay content on
sorption o lead and cadmium was gudied for Haplic Phaeozem and Leptic Podzol. Adsorption
isotherms of lead exhibited relatively low differences between the soil s whereas higher differences
were noted for cadmium, espedally at high concentrations. Stronger immobili zaion o both heary
metals occurred in Haplic Phaeozem.
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INTRODUCTION

Cadmium and lead are the most widely spread and extremely hazardous
heavy metals from the environmental point of view (Hooda and Alloway, 199§.
The uptake of lead and cadmium by plants is affeded by their amourt and avail -
ability in soils, which in turn depends on soil sorption properties, mineral and
organic compasition, H, Ca®* content, redox pdential, microbia adivity, as well
as on solution flow (including gravity massflow) and dffusion with concentra-
tiongradient (Siedlecka et al. 200]).

One of the important sources of arable soil palution by cadmium are phos-
pharus fertili zers (Satarug et al, 2003. Cadmium concentration in arable and
forest soils around 4mg kg is the rational average, however in heavily degraded
soils over 250 mg kg™ is common (Ostrowska et al. 1997). Cadmium usually
occurs as highly mobil e sulphide in neutral soils, andin cacareous ilsit isfixed
by caborates. Sorption d cadmium occurs mainly on clays and aganic matter
and generally increases with increasing pH (Salama and Helmke 1998. Methods
used to deaease toxicity of other heavy metalsin soil s are usualy nat sufficiently
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efficient with relation to cadmium. Because of its high mobility cadmium can be
easily acaumulated in plant tisaues, thus entering the foodchain.

Led is dgnificantly less mobile than cadmium. In soils of pH>6.51it isim-
mohili zed by carborates and phaphates. Iron and manganese oxides, clay miner-
als and soil organic matter also easily fixate lead (Siposa et al. 2005. Concentra-
tion o leal in arable and forest soils is usually lower than 150mg kg* and may
be much higher in heavily pdlluted soil s where Pb contents up to 18000 mg kg*
are noted (Ostrowska et al. 1997).

The mohility of heary metals and their concentration in soil solution deter-
mine the impaa of toxic metals onthe environment (Li and Shuman 1997%. Proc-
eses of sorption-desorption aff ed their toxicity by influencing their concentration
in soil solution (Swift and McLaren 199).

The @m of this dudy was to compare sorption d lead and cadmium in two
soilsin relationto their properties.

MATERIAL AND METHODS

Two agricultural soils, Haplic Phaeozem developed from loess and Leptic
Podzol developed from gladal sand, were studied. The soil s were mlleded from
0-20 cm depth, air dried and passed through a2 mm screen.

Basic properties of the studed soils are presented in Table 1. The pH was meas-
ured pdentiometricdly in CaCl,, organic cabon ty Tyurin method, soil granuomet-
ric composition by areometric Casagrande method modified by Proszynski, and or-
thophaphate @ntent in saturated
soil solution by flow spedropho Table 1. Seleded properties of the soils

tometry using FIA-Star 5010. Haplic Leptic

. . Description
Samples of air dry soils were P Phaeozen  Podzol

amended with CdCl, or Pb(NOs),  sand (1-0.1 mm), % 19 29
solutions at solid/liquid phese ratio

equal to 1:2.5. The oncentrations of ~ Sit (01-0.02mm), % 56 51

C(.j2+. in the solutions were &:]l.a to: 0 Clay (<0.02mm), % o5 20

(distill ed water), 4.7, 9.3,18.8, 37.5,

75, 150,and 300mg dm® while the  PH (CaCly) 7.4 6.9
2+ . |

Pb“" concentrations were: 0, 25.7, Corg (%) 077 0.19

51.4, 103,205, 411, 822, 1645,
32901 and 65802mg dm?®. These P-PO, (mgdm?) 0.70 2.14

concentrations were chosen to plot
the alsorption isotherms and to oltain Cd and Pb content in soil s close to that
observed in soil from palluted areas. The ionic strength o the readion medium
was adjusted to ~ 0.1 mol dm™ using 5 mol dm’® solutions of NaCl and NaNOs,
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respedively. Concentrations of Pb* and Cd** in the supernatants were measured
potentiometricdly after 3 days of equilibration wsing Cole-Palmer Lead and
Cadmium lon Seledive Eledrodes. Calibration d the dedrodes was made in
Pb(NOs), and CdCl, solutions with concentrations of the analysed ions ranging
from 10° to 10" mol dm at the same ionic strength.

Freundi ch equation was used to describe sorption o bath heary metals:

log S= log K; + n™ Log Ce (1)

S—amourt of Cd or Pb sorbed (mg kg™);

K: —sorption constant,

n™ — coefficient connected with sorbent heterogeneity,

C. —concentration d Cd or Pb in equili brium solution (mg dm’®).

RESULTS AND DISCUSSON

The measured sorption isotherms for the studied soil s are presented in Figure
1 and Figure 2 whereas the cdculated adsorption parameters are listed in Table 2.

The isotherms sow higher sorption d cadmium and lea in the Haplic
Phaeozem in the whale range of baoth heary metals concentrations, which is in
agreement with results of other studies (Hooda and Alloway 1998, Buchter et al.
1989, Elliott et al. 1986. The Freundich adsorption constant K used to be con-
sidered as a measure of the binding force of a heary metal by soil (Tab. 2) and
this is lower for cadmium than for lead for both soils. On the other hand the K;
constants for both cadmium as lead are lower for Leptic Podzol than for Haplic
Phaenzem. At the highest heavy metals concentrations, small diff erences between
the anourt of sorbed lead are foundfor both soils (0.1to 3.6%), andin the cae
of cadmium these differences are larger (from 22 upto 223%). Low differences
between lead sorption by different kinds of soil are dso naed by other authors
(Hooda and Alloway 1997).

Two highest cadmium concentrations occurring in Leptic Podzol have very
similar values, which may indicate Cd saturation d the exchange amplex of this
soil. Thisindicates that the sorption cgpadty of this il for cadmium isvery low,
and equals around 200mg Cd per kil ogram of soil . Constant increase of adsorbed
Pb in bah soil s was observed in the whole experimental window, which suggests
that both soil s can paentially acamulate more lead.

Eq 1 describes well the experimental data, which is en from the cdculated
values of determination coefficients of the respedive linea dependence (Tab. 2).
Regresson lines fitted into lead adsorption isotherms have similar slope (n™):
0.57for Leptic Podzol and 0.61for Haplic Phaeozem, respedively. These effi-
cients for cadmium adsorption isotherms differ more and are 0.51 for Haplic
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Phaeozem and 0.57for Leptic Podzol (this coefficient cdculated excluding cad-
mium saturation pant equals 0.69 showing faster increase of sorptionin the for-
mer soil with increasing concentration d cadmium in solution.
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Fig. 1. Cadmium adsorption isotherms, bars represent standard error
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Fig. 2. Lead adsorption isotherms, bars represent standard error
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Table. 2. Freundich sorption parameters for studied soils Reported strongly po-
p— oad stive crrelation bet-
S mium € ween clay content

Logki n* R® LogK; n' R?® and heary metas

sorption (Hooda and
Alloway, 199§ isin
Leptic Podzol 118 057 093 320 057 099 an agreement with

Haplic Phaeozem 2.03 051 0.77 351 0.61 0.99

soil texture (Tab. 1)
and values of logarithm of intercept of Freundich isotherm K; (Tab. 2).

Very close sorption isotherm parameters for lead were determined for the
studied soil s and krown eaths (Hooda and Alloway 1997, which may indicate
that these parameters canna be diredly linked to soil properties (texture, pH,
organic cabon), at least for soil s of different origin.

Haplic Phaeozem has higher content of clay and aganic cabon, and Hgher
pH than Leptic Podzol (Tab. 1), therefore astronger effed of immobili zation o
heary metalsin the former soil shoud occur (Gerriste and van Driel 1984, Marti-
nez and Motto 200Q. However, similar sorption d lead in bah soil s may be due
to Leptic Podzol having a higher ortho-phaosphate antent (resulting most proba-
bly from its cultivation and easier decomposition d organic matter), which may
causeincreased predpitation o lead.

CONCLUSION

Analyses of soil properties related to cadmium and lead fixation showed
greder potential of Haplic Phaeozem than Leptic Podzol to adsorb cadmium and
lead due to higher pH and clay and arganic matter content. The alsorption o lead
is higher than that of cadmium for both soil s over the whole range of concentra-
tions. Low differences between bah soils in lead sorption may be due to high
phaosphate content in Leptic Podzol.
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WPLYW WLASCIWOSCI GLEBY NA SORPCJE OLOWIU I KADMU
W GLEBIE
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Streszczenie. Badano wplyw wybranych wlasciwosci gleb Haplic Phacozem and Leptic Po-
dzol na zdolnosci tych gleb do immobilizacji otowiu i kadmu. Porownano kwasowos¢, zawarto$é
materii organiczngj, fosforanow, frakcji itu majacych wptyw na zdolnos¢ gleb do wiazania kadmu i
olowiu. Poréwnanie izoterm adsorpcji kadmu i otowiu na glebach potwierdzily znacznie silniejszy
efekt immobilizacji obu metali cigzkich w glebie Haplic Phacozem niz Leptic Podzol.

Stowa kluczowe: zanieczyszczenie gleby, oldw, kadm, izotermy adsorpcji



