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Abstract Simultaneous competitive adsorption behavior
of Cd, Cu, Pb and Zn onto nine soils with a wide physical—
chemical characteristics from Eastern China was measured
in batch experiments to assess the mobility and retention of
these metals in soils. In the competitive adsorption system,
adsorption isotherms for these metals on the soils exhibited
significant differences in shape and in the amount adsor-
bed. As the applied concentration increased, Cu and Pb
adsorption increased, while Cd and Zn adsorption
decreased. Competition among heavy metals is very strong
in acid soils with lower capacity to adsorb metal cations.
Distribution coefficients (Kgjmedium) for each metal and soil
were calculated. The highest Ky egium Value was found for
Pb and followed by Cu. However, low Kymedium vValues
were shown for Zn and Cd. On the basis of the Kyyedium
values, the selectivity sequence of the metal adsorption is
Pb>Cu>7Zn>Cd and Pb>Cu>Cd>Zn The
adsorption sequence of nine soils was deduced from the
joint distribution coefficients (Kqsmedium)- This indicated
that acid soils with low pH value had lower adsorption
capacity for heavy metals, resulting in much higher risk of
heavy metal pollution. The sum of adsorbed heavy metals
on the soils could well described using the Langmuir
equation. The maximum adsorption capacity (Q,,) of soils
ranged from 32.57 to 90.09 mmol kg~'. Highly significant
positive correlations were found between the Kysmedium
and Q,, of the metals and pH value and cation exchange
capacity (CEC) of soil, suggesting that soil pH and CEC
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were key factors controlling the solubility and mobility of
the metals in soils.

Keywords Competitive adsorption - Langmuir equation -
Soils - Heavy metal - Distribution coefficient

Introduction

Reactions of heavy metals with soils are a key issue in
determining the bioavailability, mobility and the ultimate
fate of these metals in the environment. Heavy metals that
received more attention with regard to accumulation in
soil, plant uptake and contamination to groundwater
include Cd, Cu, Pb and Zn. In contaminated soils, they
commonly exist at the same time and compete with each
other for sorption sites. Thus, selective retention and
competitive adsorption of these metals by the soils become
of major importance in determining their potential bio-
availability, toxicity to plants and their leachability of
these metals in soils and the ultimate fate of these metals
in the environment (Covelo et al. 2004b; Gomes et al.
2001; Jalali and Moharrami 2007; Serrano et al. 2005;
Sparks 1995).

The adsorption of heavy metals has been studied on
various minerals and soils in single metal system (Gomes
et al. 2001; Serrano et al. 2005; Saha et al. 2002; Spark
et al. 1995). Numerous studies have also been conducted to
understand competitive adsorption of trace elements in
pure minerals (Forbes et al. 1976; Saha et al. 2002; Spark
et al. 1995), organic compounds (Elliott et al. 1986; Saha
et al. 2002) and acid soils (Arias et al. 2006; Fontes and
Gomes 2003; Fontes et al. 2000; Gao et al. 1997; Gomes
et al. 2001; Naidu et al. 1998; Serrano et al. 2005). These
results have shown that the main physical and chemical
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factors governing the adsorption depends not only on their
concentration in soil but also on soil properties, metal
properties, and environmental factors (Gurel 2006;
McBride et al. 1997; Sastre et al. 2006; Veeresh et al.
2003a). The adsorption characteristics of soils controlling
the solubility and bioavailability of heavy metals are pH,
redox potential, clay minerals, soil organic matter, Fe and
Mn oxides, and calcium carbonate (Agbenin and Olojo
2004; Antoniadis et al. 2007; Appel and Ma 2002; Covelo
et al. 2004a). However, little work has been done to model
the adsorption of heavy metals onto agricultural soils in
multi-element system. Less information is known about the
competitive adsorption of heavy metals in agricultural soils
and their potential mobility in environment.

The mobility and fate of heavy metals in the soil envi-
ronment are directly related to their partitioning between
soil solid phase and soil solution (Evans 1989). Alloway
(1995) stated that the distribution coefficient (Ky), which is
defined as the ratio of metal concentration in the solid
phase to that in the equilibrium solution, is a useful
parameter for comparing the sorptive capacities of different
soils or materials for any particular ion. Distribution
coefficient has previously been used in studies of mobility
and retention of trace elements in the soils (Anderson and
Christensen 1988; Usman 2008; Veeresh et al. 2003a, b).
The consensus reached in these studies, is that Pb, Cu and
Cr are more strongly retained compared to Zn, Ni and Cd.
Gomes et al. (2001) have shown that heavy metal selec-
tivity sequences varied among soils but the most common
sequence was Cr > Pb > Cu > Cd > Zn > Ni, with Cr
and Zn exchanging places with Pb and Cd, respectively, for
some soils. Metal characteristics such as the atomic weight,
electronegativity, ionic radii, hydrolysis constant and
softness sequences do not always explain metal bonding
selectivity to heterogeneous soil systems (Gomes et al.
2001; McBride 1994; Serrano et al. 2005). The main soil
properties that influence the selectivity sequence of heavy
metals are pH, organic matter content, the type and amount
of clay as well as cation exchange capacity of soil
(Adhikari and Singh 2003; Serran et al. 2005; Usman
2008). Given the differences among different soils as
regards their adsorbent surfaces, this variability indicates a
need for further research to characterize the adsorption of
particular adsorbates from mixed solutions onto different
soil types.

In the work described here we characterized the
adsorption of Cd, Cu, Pb and Zn when added together, to
soils of the kind that prevail in Eastern China. The objec-
tives of the present study are to evaluate the competitive
adsorption of four heavy metals (Cd, Cu, Pb and Zn) in
main soils of Eastern China to establish the selectivity
sequences of these metals in these soils, to evaluate the
capacity of these soils to adsorb these metals, and to
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investigate the relationship between soil properties and the
adsorption capacity of these metals by soils.

Materials and methods
Soil samples and analytical methods

Nine representative surface soil samples with a wide range
of properties were collected from different agricultural
areas of Zhejiang Province, Eastern China. These soils
were chosen according to their different physical-chemi-
cal and mineralogical characteristics to represent the
different behavior of heavy metal adsorption. Soil samples
were air-dried and ground to pass a 2-mm sieve. Subs-
amples from each soil were further ground to pass through
a 0.15 mm sieve for chemical analysis and adsorption
experiments.

Physicochemical properties of soils were analyzed fol-
lowing standard procedures (CSSS 1984). Soil pH was
measured with a glass electrode at a 1:5 soil to water ratio.
Soil organic matter (OM) was determined by the wet oxi-
dation method. The particle size distribution was
determined by the wet sieving and the pipette method. The
cation exchange capacity (CEC) of soils was determined
using 1 M NH4OAC extraction method. Soil free iron
oxides (Fed) were extracted using the dithionite-citrate-
bicarbonate (DCB) method and iron was measured by the
atomic absorption spectrophotometer. Clay mineralogy of
soils was performed using X-ray diffractometer. The
analysis results of soils are given in Table 1.

Adsorption experiment of heavy metals

Heavy metal adsorption by each soil type was determined
using a batch equilibrium technique. A sum of 1.0 g
sample of each type soil was weighed into each of five 50-
ml polyethylene centrifuge tubes and equilibrated with
20 ml of mixed solution containing five concentration
levels (0.05, 0.1, 0.2, 0.4 and 0.6 mmol Lfl) of nitrate salts
of Cd, Cu, Pb and Zn in a background of 0.01 M NaNOs.
The kinetic experiment indicated that the maximum per-
cent removal of heavy metals was attained after about 4 h
and final equilibrium was reached after 6 h in all cases.
Soil suspensions were shaken for 6 h at room temperature
(equilibrium time was determined by a preliminary
experiment) and then centrifuged. The supernatant was
collected and filtered (0.45 pum filter paper). Concentrations
of heavy metals in the filtrate were determined by using
atomic absorption spectrophotometry (AAS). The amount
of each of the metals adsorbed by soils were calculated
from the difference between the initial concentration of the
metal in the solution and the concentration after adsorption
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Table 1 Physical and chemical characteristics of the studied soils

Clay (zkg™")  Qualitative clay
mineralogy®

Silt (g kg™

Sand® (g kg™

Free iron® oxide (g kg ™)

CEC (cmol kg™

OM (g kg™

pH (H,0)

Soil classification®

Soils

I>V>K

120.4
218.6
282.3

560.2
560.7
409.1

3194
220.7

8.12
10.31

10.67
13.4

7.3 10.8

Aeric halaquepts

I>V>K
I>V

13.7
21.8

7.8

Molic endoaquepts

2

308.6

10.3

8.06
16.41
13.57
21.53
11.20

6.4

Aeric endoaquepts

I>C>V

352.4
300.7
130.4
209.5

530.8
386.1

116.8
313.2
3614

10.2

Typic epiaqualfs 6.1 36.2

4
5
6
7
8
9

I>C>V
M>1

11.2

21.6

6.3

Typic udarents

508.5

17.64
43.04

44.76

6.6 17.1

Dystric eutrochrepts

K>1>Hm
K>1>Hm
K >1>Hm

530.1
518

160.4
138.1

53 104

5.1

Typic plinthudults

343.9

8.96
9.64

18.9

Typic plinthudults

397.8 405.6

9.3 36.72 195.6

4.6

Typic hapludults

OM organic matter content; CEC Cation exchange capacity

# Soil survey staff (2003)

® DCB (dithionite-citrate-bicarbonate) extractable iron oxide (Fe,Os)
¢ Sand (2-0.02 mm), Silt (0.02-0.002 mm), and Clay (<0.002 mm)

d Mineralogical abbrevation: Chlorite, C; Hematite, Hm; Kaolinite, Ka; Illite, I; Montmorillonite, M; Vermiculite, V

reaction. All analyses were performed in duplicate, and the
results presented are the means of the two determinations.

Distribution coefficient

The distribution coefficient (K4) was calculated according
to the following formula:

Ky = Cads/Caq

where C,q, is the amount of metal adsorbed on the soil
surface (mg kg~ ') and C,q the concentration of metal in the
solution (mgL™") at equilibrium. The distribution
coefficients for each metal concentration for the studied
soil were calculated. An average Ky value (Kgmedium) for
each metal in studied soils, which calculated based on
formula

Kimedium = Z(Kqg0.05 + Kao.1 + Kao2 + Kaoa + Kao.6)/5,
was used to comparing the adsorption capacities of
different soils for the metals. Joint distribution
coefficients (Kqs~p) were also calculated for each soil to
establish the preference order of adsorption of the metals
by the soil (Usman 2008; Vega et al. 2006):

KdZsp = (ZCMj.ads/ZCMj.aq)

where Cyjjaqs and Cyyjaq are the concentrations of metal j in
the soil (mmol kg_l) and in the solution (mmol L™,
respectively.

Results and discussion
Soil characteristics

The physical and chemical characteristics of the soils are
summarized in Table 1, which indicates significant dif-
ferences in the components and properties of the soils. The
soil pH varies between 4.6 (S9) and 7.8 (S2). The organic
matter content varies between 9.3 gkg™' (S9) and
36.2 gkg~' (S4). The cation exchange capacity varies
between 8.06 cmol kg (S3) and 21.53 cmol kg™' (S6).
Free iron oxides content, expressed as Fe,Os;, of the
studied soils ranges from 8.12 to 44.76 g kg~ '. The par-
ticle-size distribution of soils exhibits a substantial
variation in sand, silt, and clay contents ranging from
116.8 to 361.4 g kg~' for sand, 386.1 to 560.7 g kg~' for
silt, and 120.4 to 405.6 g kg™' for clay. The clay miner-
alogy of studied soils shows that significant differences
exist in the types of clay minerals in the soils. The clay
minerals of soils 1, 2, 3, 4 and 5 are dominated by illite
with a moderate vermiculite and chlorite. Soil 6 is domi-
nated by montmorillonite. The clay minerals of soils 7, 8
and 9 consist predominantly of kaolinite and have small
amounts of illite and hematite.
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Competitive adsorption of four heavy metals

Figure 1 illustrates the competitive adsorption isotherms
for Cd, Cu, Pb and Zn by the studied soils. Adsorption
isotherms for these metals by the soils exhibited significant
differences in shape and in the amount adsorbed. At the
lower applied concentration, the equilibrium concentration
(EC) was low for every metal cation, showing that almost
all of the metals were adsorbed by the soils. According to
ion activity production of M(OH),, Cu ion may be pre-
cipitated as Cu(OH), in the soils with high pH values (S1,
S2 and S6). For these soils, precipitation mechanism
becomes important for the removal of Cu ion. As the
applied concentrations increased, Cu and Pb maintained
their strong affinity with the soil surfaces while the Cd and
Zn were displaced from the soil surfaces. The result
showed clearly that competition for adsorption sites
affected the heavy metal adsorption behavior by the soils.
The competition between metals for exchange sites was
enhanced in acid soils (§7-9), with the increase in initial
metal concentration resulting in large differences in
adsorption of each metal. The observed lower sorption of
metals in acid soils could be attributed to the low pH,
cation exchange capacity (CEC) and clay type (kaolinite)
of low CEC value (Table 1).

The sorption affinity between the metal cations and the
soil surfaces can be calculated as the amount of each metal
present in the adsorption complex, i.e., the share of a given
metal in the total amount adsorbed by the soil expressed as
%. Figure 2 presents these values of four metals in the
adsorption complex for each soil. At the lowest applied

concentration, the heavy metals were adsorbed in nearly
similar percentage. Pb, Cu, Cd and Zn occupied on average
27.4, 23.7, 25.7, and 23.2% of the adsorption complex,
respectively. The weaker competition may be due to the
more available sites for almost all the metal cations in the
adsorption complex. As the concentration increased,
adsorption proportion of Cu and Pb increased while Zn and
Cd decreased. Figure 2 shows that competition is weaker in
soils with higher capacity to adsorb cations, since there are
available sites for almost all the metal cations in the
adsorption complex. Competition among heavy metals is
very strong in soils with lower capacity to hold metal
cations, where more Zn and Cd are dislocated from the
adsorption complex and substituted by Cu and Pb. Figure 3
illustrates as an example the plot of the Soil 2, which shows
strong competition, and the plot of the Soil 9, with the
weakest competition. The adsorption affinity of metals can
be used to evaluate the mobility of Pb, Cu, Cd and Zn. The
co-existence of these metals reduces their tendency to be
sorbed on the soil solid phases, resulting in a much higher
risk of Cd and Zn contamination through leaching and
mobility.

Selectivity sequences of heavy metals

The distribution coefficient (Ky) is a useful index for com-
paring the sorptive capacities of different soils for a
particular ion under the same experimental conditions
(Anderson and Christensen 1988; Alloway 1995; Jalali and
Moharrami 2007; Usman 2008). For the majority of
adsorption reactions, plots of concentration of metal
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adsorbed versus equilibrium concentration of metal in
solution did not yield a straight line (Fig. 1). Therefore, a
Kimedium value was calculated to give one comparable
coefficient for each metal and soil (Table 2). Data indicated
that there is a great variation in the magnitude of Kymnedium
values among metals and soil types. Among the four metals,
the highest Kypeqium Value was found for Pb and followed
by those of Cu. However, low Kgneqium Values were pro-
nounced for Zn and Cd. This implies that Cu and Pb, under
the competitive condition, are the most strongly sorbed
metals by these soils, whereas Zn and Cd are the least
sorbed ones. Therefore, these two latter metals (Zn and Cd)
may pose more threats to the ground water and plants more
than Pb and Cu. Higher affinity for Pb and Cu than Cd and
Zn was also reported in many previous studies (Covelo et al.
2004b; Veeresh et al. 2003b; Vega et al. 2006).

The adsorption selectivity sequence of the heavy metals
by the studied soils was derived based on Kynyedium Values
and shown in Table 2. According to Kymedium values in
Table 2, metal adsorption affinities to the studied soils can
be arranged in the following relative adsorption sequences:
Pb > Cu > Zn > Cd for soils 1, 2, 3 and 6, and Pb >
Cu > Cd > Zn for soils 4, 5, 7, 8 and 9. In general, the
results obtained in this study are in agreement with those
reported by Elliott et al. (1986), Usman (2008) and Veeresh
et al. (2003b), which showed that metals Pb and Cu
adsorption is much greater than Cd and Zn adsorption.
However, the variation was found in the position of the last
two metals (Zn and Cd) in the obtained sequences. Similar
result was also reported by Jalali and Moharrami (2007),
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Table 2 The adsorption

e ] —1 -
sequence of the heavy metals by Soils Kimedium (L kg™ ) Selective sequence
soils and soil ranking according cd Cu Pb 7n
t0 Kigmedium values

1 218.2 1034.8 1534.7 325.6 Pb > Cu > Zn > Cd
2 206.6 1283.7 1603.9 260.5 Pb > Cu > Zn > Cd
3 27.5 455.0 734.7 31.6 Pb > Cu > Zn>Cd
4 237.7 1233.7 1304.5 229.7 Pb > Cu > Cd > Zn
5 43.6 129.8 877.3 27.9 Pb > Cu > Cd > Zn
6 148.2 849.3 1128.8 173.9 Pb > Cu > Zn > Cd
7 232 249.3 295.1 18.9 Pb > Cu > Cd > Zn
8 58.6 366.9 559.3 329 Pb > Cu > Cd > Zn
9 9.9 158.3 220.1 6.8 Pb > Cu > Cd > Zn

Soil ranking

Cd Soil 4 > Soil 1 > Soil 2 > Soil 6 > Soil 8§ > Soil 5 > Soil 3 > Soil 7 > Soil 9

Cu Soil 2 > Soil 4 > Soil 1 > Soil 6 > Soil 3 > Soil 8 > Soil 7 > Soil 9 > Soil 5
Pb Soil 2 > Soil 1 > Soil 4 > Soil 6 > Soil 5 > Soil 3 > Soil 8 > Soil 7 > Soil 9
Zn Soil 1 > Soil 2 > Soil 4 > Soil 6 > Soil 8 > Soil 3 > Soil 5 > Soil 7 > Soil 9

who measured the adsorption of metal ions on ten calcar-
eous soils from Iran and found three decreasing sequence
of adsorption: Cu >Zn > Cd > Ni > Mn, Cu> Ni >
Zn > Cd > Mn and Cu > Cd > Zn > Ni > Mn. Accord-
ing to the sequences reported by Schwertmann and Taylor
(1989), Zn is always adsorbed to a large extent than Cd for
the synthetic samples. Usman (2008) and Veeresh et al.
(2003b) reported the similar selectivity of the metal
adsorption. This sequence follows approximately the order
of the first hydrolysis equilibrium constant: Pb(7.8) >
Cu(8.0) > Zn(9.0) > Cd(10.1). However, some studies
also showed Zn and Cd exchanging places in the selectivity
sequence of adsorption, as indicated by the results of Go-
mes et al. (2001) for tropical soils and Covelo et al. (2004a)
for humic Umbrisols. Basta and Tabatabai (1992) and
Bunzl et al. (1976) reported that metal affinity for soils and
peat was: Pb > Cu > Cd ~ Zn.

The joint distribution coefficient (Kysg,) was calculated
as the ratio of the sum of all heavy metals adsorbed on the

solid phase to that in the equilibrium solution (Table 3).
According to Vega et al. (20006), the distribution coefficient
K4sspmedium 18 @ useful parameter to estimate the high or the
low soil capacity for the joint sorption of the applied heavy
metals. The results showed that the value of Kgsg,
decreased with increasing the concentration of the added
metal. Therefore, an adsorption sequence among soils can
be deduced according t0 Kgsspmedium Values. It is obvious
that the most sorbent soil for the studied heavy metals was
soil 1, while the least sorbent one was soil 9. This indicates
that the highest adsorption cases occur for the soil that is
rich in illite and montmorillonite of high pH value. Another
metal removal mechanism for the soils with high pH value
can be explained by the formation of M(OH), precipitation.
Thus, the mechanism of metal retention in the soil
appeared to be adsorption and/or precipitation of M(OH),.
The lowest adsorption cases are recorded for the soils that
contains kaolinite of low pH and cation exchange capacity
values.

Table 3 The joint distribution coefficient (K4syp) and soil ranking according to Kgspmedium

Initial concentration Soil 1 Soil 2 Soil 3 Soil 4 Soil 5 Soil 6 Soil 7 Soil 8 Soil 9
(mmol L1

0.05 1303.0 1021.3 324.0 824.0 124.0 831.9 160.3 229.0 80.4
0.1 1168.5 899.5 133.1 711.9 118.3 693.1 51.2 126.3 28.5
0.2 569.7 568.1 52.2 487.1 79.8 474.0 20.0 48.2 13.0
0.4 101.6 129.2 21.1 115.3 40.7 146.0 9.8 19.0 7.8
0.6 44.8 47.5 13.7 54.8 22.7 63.1 7.6 12.3 6.6
Kassp medium 471.1 411.1 55.0 342.3 65.4 344.1 22.1 514 14.0

Soil ranking according to Kgssp medium

Soil 1 > Soil 2 > Soil 6 > Soil 4 > Soil 5 > Soil 3 > Soil 8 > Soil 7 > Soil 9
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Maximum adsorption capacity

Langmuir isotherms were constructed using the sum of
equilibrium concentration and the sum of adsorbed metal
cations fo reach applied concentration (Fig. 4). This anal-
ysis suggests that the Langmuir isotherm could well
describe the sorption of the all studied metals in studied
soils. The total adsorbed amount of heavy metals increased
with increrasing applied concentration of the metal. Max-
imum adsorption capacity (Q,,), which is estimate of the
maximum amount of heavy metals that the soil surfaces
can hold, was calculated from the Langmuir equation. The
maximum adsorption (Q,,) may be a useful in comparing
the potential adsorption capacity for the studied soils. The
results show that the soils differed markedly in their
maximum adsorption capacity for heavy metals, suggesting
that soils could have different buffering capacities for these
metals. The sequence of adsorption capacity was:
S6 >S4>S82>S1>S5>83>S88>S87>S59. Acid
soils had the lower Q,, values. The Q,, values of the
studied soils varied from 32.57 to 90.09 mmol kg™’
(Table 4). Compared with the reported Q,,, values of soils,
they vary greatly among researchers (Jalali and Moharrami
2007; Usman 2008). Fontes et al. (2003) reported the
maximum adsorption capacity of tropical soils ranged from
23.92 to 64.52 mmol kg_l, which is consistent with our
results of acid soils. Zhang and Zheng (2007) reported that
the Q,, values of agricultural soils with a wide range of
properties ranged from 15.37 to 30.46 mmol kg~ '. These
results show that the soils differ markedly in their Q,,
values. Apparently, the large discrepancies of Q,, values in
the soils are related to the soil nature. Among these soils,
soils having high pH and CEC values adsorbed much
higher metals than those having low pH and CEC. Similar
observation was also reported by Adhikari and Singh

100

Sum of metals adsorbed (mmol kg l)

0 r I I I I
0

Sum of equilibrium concentration (mmol El)

Fig. 4 Relationship between sum of adsorbed amount of heavy
metals and sum of equilibrium concentration

Table 4 Calculated Langmuir equations (C/Q = C/Q, + K/Qn)
with determination coefficient (+*) and maximum adsorption capacity
(Qyy) for all soils

Soils Langmuir equation 0. (mmol kg™h r”

1 Y =0.0127X + 0.0010 78.74 0.995
2 Y =0.0123X + 0.0011 81.30 0.998
3 Y = 0.0200X + 0.0062 50.00 0.985
4 Y = 0.0130X + 0.0013 88.50 0.996
5 Y = 0.0140X + 0.0071 71.43 0.996
6 Y =0.0111X + 0.0013 90.09 0.999
7 Y =0.0290X + 0.0143 34.48 0.966
8 Y = 0.0218X + 0.0066 45.87 0.989
9 Y = 0.0307X + 0.0253 32.57 0.938
X and Y represent 1/Q,,, and C/Q of Langmuir equations, respectively

(2003), Serrano et al. (2005), Jalali and Moharrami (2007),
and Usman (2008). Their results showed that the adsorp-
tion of heavy metals was favoured by high pH, organic
matter, CEC, clay and CaCOj; content of soils. Apart from
the nature of the soil, factors affecting the Q,, values in
batch experiments also include type of adsorbate and
experiment conditions (e.g., the soil:solution ratio, the
period and temperature of contact between soil and solu-
tion, solution pH, the type and concentration of background
electrolyte, the range of the initial metal concentration
used, etc.).

In order to evalute the influence of soil properties on the
metal adsorption capacities, the single correlation coeffi-
cients (r°) between the Kgsspmedium OF Om values and the
physico-chemical properties of soils were calculated and
listed in Table 5. Highly significant positive correlations
between the Kysspmedium OF Om values and pH and cation
exchange capacity (CEC) were found, indicating that the
Kasspmedium and Op, were influenced mainly by pH value
and cation exchange capacity of soils. The adsorption of

Table 5 Simple linear correlation coefficients (%) between O, and
Kgsmedium and selected physical-chemical characteristics of studied
soils

Soil characteristics Om Kasmedium
pH 0.592%%* 0.645%*
oM 0.294 0.012
CEC 0.556%%* 0.600%**
Fed —0.601%* —0.425
Sand 0.137 0.066
Silt 0.165 0.476*
Clay —-0.215 —0.367

*Significant at 0.05 probability level;
**Significant at 0.01 probability level
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metals is generally believed to be directly related to soil
pH. In soils with high pH the predominance of the metals is
in the hydrolyzed (MOH™") form (Gomes et al. 2001). These
forms are more strongly adsorbed than the free metal cat-
ions. As soil pH increases, the metals may be precipitated
as M(OH),. Therefore, the influence of the metal hydro-
lysis on metal adsorption and/or precipitation becomes
more important The results indicated that Q,, was strongly
negatively related (p > 0.01) to DCB-extractable iron
oxide content (Table 5) and no significant correlation with
organic matter was observed. The lack of a significant
effect of organic matter on metal adsorption was also
reported by Jalali and Moharrami (2007) and Usman
(2008). Usman (2008) reported an important factor regu-
lating the adsorption of heavy metals by soils are the type
and the amount of clay, as well as the CEC. The correlation
of the heavy metals with the cation exchange capacity was
expected. The CEC is directly related to the capacity of the
soil to adsorb heavy metals, since these metals occur as
cations adsorbed onto the soil exchange complex. The
greater the CEC value, the more exchange sites on soil
minerals will be available for metal retention. In general,
the soil pH and CEC can be considered as most important
factors responsible for the adsorption capacity of soils for
heavy metals.

Conclusions

The competitive adsorption experiment showed that as the
applied concentration increased, the soils adsorbed more
Pb and Cu and less Zn and Cd. The percent share of a given
metal on the exchange complex was dependent on the level
of the applied concentrations. At higher levels, the occu-
pation increased for the strongest competitor Pb and
decreased for the weakest competitors Zn and Cd. The
selective sequences of the metal adsorption based on the
distribution coefficient was Pb > Cu > Cd >Zn and
Pb > Cu > Zn > Cd, indicating that Pb and Cu are the
most strongly sorbed metals by these soils, whereas Zn and
Cd are the least sorbed ones. The total adsorbed amount of
these metals on the studied soils was well described by
Langmuir equation. The calculated maximum adsorption
capacity (Q,,) ranged from 32.57 to 90.09 mmol kg~'. The
correlation analysis indicated that for the competitive
adsorption, the soil properties that were most strongly
related to metal adsorption were pH value and cation
exchange capacity of soils.
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