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Table 1. Some chemical characteristics of soil aggregates under study.

e)‘.U EC CEC CCE ocC JM L;Lsh.r\.:.ws‘ oslaia! J.»lﬁ o JS o
size pHa2) @S m™h (cmol. k') Fe oxides Available Cu  Total Cu
(mm) (gke") (mgkg")
Sk s
8.1 0.35 16.80 219.3 7.1 1337.7 2.06 13.2
Total soil
4-2 8.3 0.24° 10.94 150.3¢  13.4° 2380.2° 3.20° 18.6°
2-0.25 8.2° 0.28° 15.06° 2043°  7.0° 1233.6° 2.02¢ 12.7°
0.25-0.05 8.2° 0.30° 16.30° 2623 8.9° 1223.7° 2.20° 10.7%
<0.05 8.2° 033" 17.25° 294.5°  6.2° 890.4° 2.71° 10.8°
>0.25 8.34 0.28% 14.65° 185.3% 76" 1348.6% 2.148 13.34
<0.25 8.24 0.31% 16.56" 27124 g2t 1131.6° 2.34% 10.78
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Total soil is passed to 4 mm sieve. Data are means of the 5 soils.
Different lowercase letters in each column represent significant differences (P<0.05) based on Duncan’s multiple range test.
Different uppercase letters in each column represent significant difference (P<0.05) between larger and smaller aggregates

than 0.25 mm based on t-test.
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Figure 1. Amount of adsobred Cu vs. equilibrium concentration.
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Table 2. Amounts of parameters of the equations used in describing the adsorption of Cu in 1 aggregates of
studied soil.

Size o1l Langmuir 56 5Y Freundlich 63,\.;}]; Linear L=
G) 3 a
(mm) b (mg kg k (Img’ MBC (1 kg’ ke (kg n B (lkg'
g kg g g
Sk s
37550.9 0.173 1991.3 1580.6 0.578 2427
Total Soil
4-2 70322.4° 0.057° 974.2° 1270.9° 0.608¢ 245.9°
2-0.25 32477.6° 0.259° 2302.0° 499.9¢ 0.983" 187.2¢
0.25-0.05 85831.1° 0.051° 1011.9° 1755.3° 0.646° 314.0°
<0.05 18114.9¢ 0.227° 2614.0° 2174.5° 0.693° 369.8°
>0.25 36275.0° 0.240* 1454.8" 577.3" 0.945* 173.7°
<0.25 67112.8* 0.100% 2168.8% 187124 0.659% 313.14

Sl S0 C’L' slael ool e Jo 8 Sl 5les S 5 g0 S 1S Js
skaasOLis Q}J.w A Q}U&o u_?)j djf ! u’ib Q}A)T UAL‘”‘ 2 (P<+/v0) )b&m Q}Uﬁ slasOlil Q}J.w A h_;‘ﬁ g_{:_—_,f ijp-
sl ttest bl e s /Y0 31 5SS 5 585 aliSbt cpy (P</00) Sl pre sl

Total soil is passed to 4 mm sieve. Data are means of the 5 soils.

Different lowercase letters in each column represent significant differences (P<0.05) based on Duncan’s multiple range test.
Different uppercase letters in each column represent significant difference (P<0.05) between larger and smaller aggregates
than 0.25 mm based on t-test.
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Table 3. Correlation coefficient (r) between equations parameters used to Cu adsorption (n=20).

i Langmuir ﬁ}»\_{;\) Freundlich 63,\.;}]; Linear P
parameters b k MBC n k; B

b -0.34™ -0.36™ 0.03™ -0.12™ 0.37™

k 0.97%* 0.46* -0.18™ 0.14™
MBC 0.37™ 0.01™ 0.21™

n -0.73%* 0.40™

kg -0.15"™

B

gsb ol s ke ool sl il 5l bagslas
Solbsgne (Soar G556 DOl5 b L
oSl b K oolew .ols (P<i/v0)
sl & Sl el 5L o Jlde S50l dols
L b dolee 5 B oo romen L3l 200550
Sl gms (Stesan PH 5 Jolas sl S
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~M\>6ﬁfﬁ(@jﬂ%~iﬂ)dﬂ>w4{-“b

Aoy Clanﬂ)a)bg.mij\.pﬁo Clahﬂ)a)!;gmﬁg)bwﬂéns
" Nonsignificant, * Significant at 5% and ** Significant at 1%.
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Table 4. Correlation coefficients (r) between equations parameters

properties (n =20).

used to Cu adsorption and aggregate

_ Langmuir 56 5Y Freundlich CJ,\.. 9, Linear L=
Property S5
b k MBC n ke B
Available Cu esliz! |6 e 0.19™  -036™  -0.32™ 027" 0.28™ -0.03™
total Cu JS' s -0.08™  -0.06™  -0.03"™ -0.26"™ 0.05" -0.26"™
OC i n s -0.00™ 027" -0.36™ 025" 0.13™ -0.34™
CEC 458 Jols ilS 026" 0.14™ 0.26" -0.07™ 0.46* 0.12"
Free Fe oxides sI31 ool slaaSl 0.08™ 035"  -0.38™ 027" -0.04™ -0.30™
CCE dsles ds il 5 0.20™ 0.12" 0.11™ 0.36™ 0.16™ 0.53*
pH 0.12" 0.38" 039" 0.45% -0.33"™ 0.56*
EC 0.13™  -0.18™ 027" 0.16™ 0.16"™ 027"

" Nonsignificant and * Significant at 5%.
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Table 5. Stepwise regression between equations parameters used in Cu adsorption and properties of the aggregates.

equation dslxs r R? SE Beta Coefficient ly ., ,»
b=231179.9 - 7408.8 CEC 034 0140" 6940 CuDTPA =027
-27327.4 CuDTPA ’ ’ ’ CEC = -0.33
k=-10.2+ 1.3 pH - 0.17 CuDTPA 0.596 0.355% 0.22 pH = 0.48; CuDTPA = -0.47
MBC= -100857.0 + 12432.0 pH - 1140.0 CuDTPA pH= 0.54; CuDTPA = -0.37
0.634 0.402* 1879.0
+202.0 CEC CEC =0.28
ke=31410.2 +197.3 CEC +836.1 CuDTPA CEC =0.50; CuDTPA = 0.48
0.688 0.474* 984.0
-4251.5 pH pH = -0.33
n=-16.9 + 2.1 pH -0.1 CuDTPA pH =0.52; CuDTPA = -0.32
0.649 0.421% 0.33
+0.001 CCE CCE = 0.26
B=-12619.2 + 1504.7 pH+ 1.2 CCE pH = 0.50; CCE = 0.48
0.781 0.610%** 168.0

+13.7 CEC

CEC=0.17

(gkg") Jslas pedSoly S = CCE w(emol + kg™ 3538 Jsly (xS = CEC (mg kg™) esliza| 46 s = CuDTPA

Aoy Clahﬂ)a PPy

" Nonsignificant, * Significant at 5% and ** Significant at 1%.
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Abstract

Background and Objectives: The heavy metals accumulate in the soil through adsorption,
precipitation and other physical and chemical processes. The absorbed metals in the soils can enter into
rivers or groundwater by runoff and can concentrate in animals, plants and humans. The soil aggregates
are units of soil structure. The soil aggregates with different size can differently adsorb and transfer the
heavy metals such as copper (Cu). Accordingly, information about the fate of Cu in the soil aggregates
is important for understanding the effects of Cu in soils. Heterogeneous Cu adsorption in various
aggregate fractions influences availability and mobility of this metal. Therefore, ability of aggregate
size fractions in sorption of Cu is important for agricultural management, watershed modeling and
environmental research. This paper aims at investigating Cu adsorption in 5 calcareous soils. This goal
is of particular importance since although it is important to study Cu adsorption in aggregate size
fractions, little research has been proceed to Cu adsorption studies in aggregates. The objectives of this
study were (i) to evaluate the Cu adsorption in different aggregate size fractions (ii) to evaluate
different models for describing Cu adsorption and (iii) to estimate relation between Cu adsorption
characteristics in different aggregate size fractions and soil properties.

Materials and Methods: For separation of soil aggregates of 5 selected calcareous soils from
Chaharmahal — va - Bakhtiari Province used the dry sieving method. The soils were divided into 4
sections including aggregates larger than 2 mm, 2 to 0.25 mm, 0.25 to 0.053 mm and smaller than
0.053 mm and larger aggregates than 0.25 mm and smaller aggregates than 0.25 mm were named
macro and microaggregates, respectively. Also, properties including free Fe oxides, OC, CEC, CCE,
EC, pH were determined in each aggregate. Then, the Langmuir and Freundlich and linear were
fitted on the adsorption data. To determine relation between properties of Cu adsorption and
properties of aggregates used correlation coefficient (r) and regression.

Results: Based on the results of the properties of soil aggregates free iron oxides in the
macroaggregates were higher than microaggregates. While OC, CEC and CCE in the
macroaggregates were lower than microaggregates. The results of Cu adsorption showed that
maximum of Cu adsorption (b in Langmuir equation), maximum buffering capacity (MBC in
Langmuir equation) and distribution coefficient (kf and B in Linear and Freundlich equations) in
microaggregates were higher than macroaggregates (P<0.05). While, energy of adsorption (k in
Langmuir and n in Freundlich equations) in microaggregates were lower (P<0.05) than
microaggregates. The results of correlation study revealed that pH, CEC and CCE were the most
effective soil properties on parameters of adsorption equations.

Conclusion: The results of this study showed that the microaggregates (smaller than 0.25 mm) with
higher capacity of Cu adsorption and lower power compared to macroaggregates (larger than 0.25
mm) have the potential to accumulation of Cu, therefore transfer this part of soils by different
processes can entire Cu pollution to other places.

Keywords: Dry sieving, Microaggregate, Regression, Adsorption isotherm

* Corresponding Author; Email: motaghian.h@yahoo.com

AR



