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Table 1. Selected characteristics of the studied soils.

o CEC’ EC' L " L.
CCE' oc” Clay pH S st ol S ojles

(gkgh  (emol'kg™)  (dSm™)

Soil texture Province Soil No.

s -1
191.1 2.7 140 6.4 1.02 7.63 Sandy loam & 1
East-A.
-1
63.7 15.4 240 21.6 2.29 7.80 Loam Sl 2
West-A
-1
22.1 14.6 520 38.2 2.09 7.34 Clay Sl 3
West-A
|
12.3 9.4 360 27.5 0.91 6.99 Clay loam 0 4
Ardebil
|
46.6 14.2 420 30.3 0.66 7.45 Silty clay 2 5
Ardebil
Sl
90.7 0.6 100 6.6 0.81 7.66 Sandy clay M 6
Khorasan
Sl
507.2 16.8 480 16.2 1.07 7.76 Silty clay M 7
Khorasan
Olons
155.0 1.0 80 2.5 0.80 8.30 Sandy loam ° 8
Semnan
210.7 53 320 17.2 1.59 7.78 Silty clay loam el 9
Ghazvin
171.5 9.2 360 19.6 2.11 7.69 Silty clay loam el 10
Ghazvin
5,
90.7 5.0 290 16.4 1.11 7.29 Clay loam 5 11
Alborz
IS
12.3 10.5 160 11.0 0.91 7.71 Loam © 12
Golestan
IS
93.1 14.0 380 12.5 0.80 7.92 Silty clay loam ° 13
Golestan
Ol 5
535.0 7.4 280 15.2 0.90 7.82 Clay loam 14
Khuzestan
Ol 5
400.0 7.8 200 8.0 1.34 7.49 Loam 15
Khuzestan
Ol 5
400.0 5.7 160 12.2 2.30 7.34 Loam 16
Khuzestan
. Ol 9>
320.0 5.1 380 21.6 2.10 7.69 Silty clay loam 17
Khuzestan
. Ol 9>
350.0 6.4 240 20.8 1.01 7.38 Silty loam 18
Khuzestan
Ol 5
477.5 1.0 140 42 1.76 7.79 Loam 19
Khuzestan
s
460.0 0.96 310 21.0 1.35 7.85 Clay loam e 20
Tehran

(Electrical conductivity) S s3Il culia =)

(Cation exchange capacity) 58 Jsbs <od b -
(Organic carbon) )T - S -V

(Calcium carbonate equivalent) Jslxs odS Ly 5 - F

Yy
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Figure 1. Nickel sorption isotherms for different soils.
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Figure 2. Fitting of Freundlich equation for nickel sorption data in soils No. 3, 6, 20, 11 and 8.
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Figure 3. Fitting of Langmuir equation for nickel sorption data in soils No 3, 6, 20, 11 and 8.
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Figure 4. Fitting of Redlich-Peterson equation for nickel sorption data in soils No 3, 6, 20, 11 and 8.
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Table 3. Correlation coefficients (rz) between Langmuir, Freundlich and Redlich-Peterson model parameters
and selected characteristics of soils.

S Sns

characteristic of soil

Jde byl

CEC o Sl o FC' o . oH - model parameter
sand silt clay

- - - - - - - 0.23* - Kr
0.76%* -0.77%* 0.33* 0.75%* 0.79%* 0.50%* - - - Gmax
0.25* -0.54%% - 0.60%* 0.46%%* 0.60%* - - - K
-0.30* 0.24* -0.21%* - -0.27* - - 0.29* - n

- - - - - - - - - Krp
-0.26* - - - - - - - - arp

- - - - - - - - - B
0.29* -0.58%** - 0.66%* 0.49%* 0.61%* - - R Kq

(Significant at the 0.05 probability level) +/+0 Jlu! e 53l e

(Significant at the 0.01 probability level) +/+) Jlu! glaw 53 Jls e ™°

(Field Capacity) as 50 b b —)

S il gl S5y om UF) sl b —8 Jgd>

Table 4. Correlation coefficients (rz) between different characteristics of soils.
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Table 5. Simple liner correlation coefficients between different models parameters.
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Abstract

Background and Objectives: The presence of heavy metals in the environment is causing
ever-growing concern due to their toxicity, carcinogenicity and non-biodegradability. Nickel
may enter and accumulate in agricultural soils through various ways. One of the most important
chemical processes which affects the behavior and bioavailability of heavy metals is sorption of
metals from liquid phase on the solid phase. This process controls the concentration of metal
ions and complexes in the soil solution and can influence their uptake by plant roots. Sorption
isotherm is a useful method to study metals retention in soils as it gives much useful
information about sorption capacity of soils. The aim of the present study was to investigate the
sorption properties of Ni by calcareous soils of Iran and its relation with some soil properties to
better understand the fate of this metal in calcareous soils.

Materials and Methods: Nickel (Ni) sorption characteristics in 20 calcareous soils of Iran were
investigated in a range from 5.87 to 751.23 mgL™ Ni concentration in solution using sorption
isotherms of Langmuir, Freundlich and Redlich—Peterson. The “Curve Expert” software was
used to fit the models of sorption isotherms. The high coefficient of determination (r*) and low
standard error of estimate (SEE) were used as a criterion for selecting the best model.

Results: The Ni sorption isotherms could be fitted by the Freundlich model (r*=0.92-1.00; mean
0.99). The dimensionless parameter » that may indicate the sorption site energy distribution
for different soils was between 2.07 and 3.15 and average of 2.46. Also the coefficient of
determination and standard error of estimate showed that adsorbed behavior of Ni by calcareous
soils can be described by Langmuir adsorption equation (r’=0.94-0.99; mean 0.98). The
maximum sorption of studied soils for Ni ranged from 1369 to 5378, with average of 3605
mg/kg. The coefficient of bonding energy (K;) in different soils was between 0.008 and 0.029
with an average of 0.015 L/mg that indicate narrow range of this parameter among the studied
soils. The distribution coefficient (K4) ranged from 22.6 to 122.5 with average of 54.8 L/kg.
According to the coefficient of determination (r’=0.94-1.00; mean 0.99) and standard error of
estimate (SEE= 47.9-163.3; mean 96.9), the Redlich—Peterson equation achieved the best fit to
the data of Ni sorption in studied soils. The maximum Ni sorption (qum.x) correlated with organic
matter (r’=0.50, P<0.01), clay content (r*=0.75, P<0.01) and cation exchange capacity (r*=0.76,
P<0.01). The coefficient of Ferundlich (Ky) positively correlated with organic matter and clay
content while Ridlich-Pterson parameters were not correlated with the soils properties.
Conclusion: The isotherms of Ni sorption showed the completely nonlinear behavior for all
soils. Freundlich, Langmuir and Redlich-Patterson equations well fitted to Ni sorption data. The
results of this study showed that the cation exchange capacity, clay and organic matter content
of soils are the most important properties which could affect Ni sorption while Ni sorption was
not affected by calcium carbonate equivalent (CCE).
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