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(cmol (+).kg-1) pH  �>�� 

A13-0  1 92/5  51/8  6/1  57 23 t� 
Btk55-13  2 59/18  86/7  44/0  5/37  35 
A30-0  3 63/19  22/8  31/2  5/43  37 �� 

Bt160-30  4 55/18  25/8  79/0  5/41  45 
A30-0  5 14/14  77/7  36/0  5/36  31 (� 

Bw80-30  6 97/13  80/7  36/0  5/31  31 
A 15-0  7 65/14  74/7  03/1  5/38  21 ��5j 

Bw 50-15  8 19/13  03/8  36/0  36 27 
A10-0  9 74/14  59/7  74/0  47 21 A�2

Btk35-10  10 92/14  86/7  15/0  48 33 
A 17-0  11 32/12  96/7  68/1  5/39  21 c9 

Btk 70-17  12 64/9  13/8  29/0  55 27 
A 15-0  13 48/7  18/8  17/0  64 15 -6� 

Btk 45-15  14 11/11  99/7  15/0  5/52  31 
A 15-0  15 44/6  10/8  17/0  64 15 -B� 

Btk 50-15  16 97/13  63/7  15/0  5/45  39 
A 15-0  17 56/7  87/7  17/0  54 23 () 

Btk 60-15  18 16/10  95/7  17/0  50 39 
A 20-0  19 97/4  33/8  2/05/67  13 ,� 

Btk 60-20  20 79/13  04/8  2/0  5/45  41 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

322      ����� ��� �
�� � �	26����� � 2  ����� �- �!" 1391  

  

0
10
00

4 1 0 2 0 3 0 4

d=
3.
33

d=
3.
54

d=
4.
75

d=
4.
99

d=
6.
44

d=
7.
15

d=
10

d=
10
.5
2

d=
14

d=
18
.3
1

M g

M g - e t

K

K 1 1 0

K 3 5 0

K 5 5 0

M g -g ly

  
  

  

0
20
0

d=
3.
34

d=
3.
54

d=
4.
25

d=
3.
18

d=
4.
73

d=
5

d=
6.
39

d=
7

d=
10

d=
10
.5
1

d=
14

d = 1 6 . 6 2

d=
20
.6
3

d = 1 8

M g

M g - e t

K

K 1 1 0

K 3 5 0

K 5 5 0

M g - g ly
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     t2 �*"�6/15   �� 1/17          �/
 ,�	/+� ��;/�� ��+� �� \�	7H0)= 

�D��       t2 �*"� � _*.D�17   �� 18     ,�	/+� ��;�� ��+� �� \�	7H0)= 
    �)�� �*"� ���� _�	HD� �
       &�' ��� �� -��7.+�� ,�	� #��  -���. 

   t2 �*�310           �/.� �)�� �*"� 	
 a1� ����+� ���+� �� \�	7H0)= 
-�� . t2 �*"�  ('�9 ��        t2 a1� (
 #�10     t2 � �.� \�	7H0)= 

5/10      (/)*+) ���+� �� �-��.��*01�2 \�	7H0)=           t/2 ;/) � �/�4/6 
   ()*+) ��<
 �� \�	7H0)=             #	/I$ �)�/� (/"*� a
�F ����� �� 4�B) ��

   &�' (+� �� -��.��*01�2   ���� �� .  2 �*/"�   t/     #�/�14  �7  �7/4  � 
5/3      f�I9� ��+� �� \�	7H0)=         2 4�/)�� �F�/
 � ��;/�� �
     t/14  �� 

      @��	/3 � ���72 ��+�550           �)�/� ,�/��� 4�B/) b*H/D� (/"�� 
   &�' ��� �� -��	D�    -���)20.(    t2 (� �d)= ��  7   t2 �
 \�	7H0)=   

   �� -���1*C�� _�� ,��       t2 �!3 ��)��� �)�9*27    ��+� �� \�	7H0)= 
    @��	3 � ���72550 '�9 �� � b*HD� ("�� (   t/2 4�9 #�5/3 

 �� \�	7H0)=           �9�
 ;) -��	D� 	
 ,�k�  -���1*C�� ,���� 4�B) �)�*�. 

   t2 �*�334/3   � 26/4        ;���*� #����� �*"� 	
 a1� ;) \�	7H0)= 
()*+) �� -�� ��.  

  
� ������ �	�!�� � "#� "$% ����!  

	K�J�   �I�)R2(  �/�              #�	/
 ����/� � �	/� �!/" #�/����
&�'     */� #�/�       _��/" �� (/<1�%� ��2     -/�� ,�/9 ,���= .    (H/���� ��

  -��
 �I� J��	K      �/� (7$	� (d7) ,��=     �/� �*/9      �!/" #�/����
           �/� � �	/� �!" E�*� (
 ���F �%' � >1�)�	$      �!/" #�/����

  �� ����//� �!//" E//�*� (//
 ���//F �//%' � 	�*//+0)? �>1�//)�	$
&�'     ,�*
 (<1�%� ��*� #��    �� �1� ��)�    >1�/)�	$ #���      �� 	/� #�	/
 

    -�� �I� J�	K ��	7B
 #���� 	G��.  _��" (
 ("*� �
3 �  	7����/2
n    (
 >1�)�	$ (1��<� ��            (/���� �� ����� � �	� #�	
 �J�	�52/1-

22/0 � 61/4-95/1���� ��	F .  

  
�	�� 2- $L�5� M��/. N� %# �� 5����  	 I$J 
�$� $��&B�O 	 P�+��	$) G�,# 
��� +,� 
� ��' �*  

I$J  5���� %# ��&' 
,#�P�+��	$)$��&B�O ,#�P�+��	$)$��&B�O 

1 97/0 ��97/0 �� 48/0 � 92/0 �� 82/0 � 79/0 � 
2 96/0 ��91/0 � 67/0 � 95/0 �� 95/0 �� 91/0 � 
3 99/0 �� 97/0 � 24/0  ns 89/0 � 95/0 �� 98/0 �� 
4 94/0 � 94/0 �- 91/0 � 95/0 �� 97/0 �� 
5 98/0 ��97/0 �� 90/0 � 92/0 �� 98/0 �� 97/0 �� 
6 97/0 �� 97/0 �� 90/0 � 88/0 � 98/0 �� 96/0 �� 
7 98/0 �� 94/0 �� - 87/0 � 98/0 �� 96/0 �� 
8 95/0 ��99/0 �� - 94/0 �� 98/0 �� 93/0 �� 
9 97/0 ��99/0 �� 97/0 �� 95/0 �� 99/0 �� 95/0 �� 
10 98/0 �� 96/0 �� 73/0 � 84/0 � 98/0 �� 96/0 �� 
11 95/0 ��83/0 � - 97/0 �� 96/0 �� 89/0 � 
12 94/0 �� 98/0 �� - 99/0 �� 98/0 �� 89/0 � 
13 82/0 �93/0 �� - 96/0 �� 98/0 �� 95/0 �� 
14 91/0 �94/0 �� - 87/0 � 99/0 �� 98/0 �� 
15 94/0 �� 99/0 �� - 98/0 �� 97/0 �� 92/0 �� 
16 86/0 � 96/0 �� - 87/0 � 99/0 �� 98/0 �� 
17 94/0 �� 98/0 �� - 94/0 �� 97/0 �� 94/0 �� 
18 92/0 �� 95/0 �� - 85/0 �� 99/0 �� 98/0 �� 
19 81/0 � 95/0 ��- 91/0 � 99/0 �� 97/0 �� 
20 88/0 � 97/0 �� - 90/0 � 81/0 � 96/0 �� 

	K (������I� J�  99/0-81/0  99/0-83/0  97/0-24/0  99/0-84/0  99/0-81/0  98/0-79/0  
ns :��<� 	h ���  
 :*�07HI+���<�   z%� �� ���95��� �
**: ��<� �07HI+�  z%� �� ���99���� 
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    ����� (j 	�n               �!/" @�/9 X/F�� �� �/9�
 	7+� &�' t� ��  

                 �/�� � -/�� 	7B/
 &�/' 4= �� 	���� ���*1= 4�.�� � -�� 	7+�
      b�H/3 �0�� @�;D$ ���*1= (
 &�'             �/� ���/�� � �*/
 �/��*' 	/�

     �� �5)= �� ,���� ,�*1= 	����      � -+� 4���� #�	
 �)�*�     � �/�� ��/d�
         ��7H/) (/1�
� X/$� #�	
 �I���� a�� �%�� -H�� ���1 (
)15 .(

 &�' ����	
��
       ,��+/9 #�/�8 �12 �15 �16 �17 �18 �19 � 20  @�/9 
     �)��� �	� 	G�� #�	
 �+� �!" .   &�' ��� ���+� ��      ,��/� ����� ��

  �� �� �1=      �� 	i) (
 � �9�
        �!/" @�/9 m/��
 a/��� �/+� ���
4= �� �	//� 	//7+� -//�� ,�//��	� �//� . g//�*� &�//' �� �//1= ��*//�

c����           w.D�/+� ���+/9 �!/" � �1��/I� #��     @�;/D$ �/
 �� ���/�
 �� a.B�        �/� �!/" c��;$� m��
 ��	` ��� �� � ����   ��	/�)18 .(

    	)���� � #�9	1�)10 (KF            a/��+� (H/���� #�	/
 �I/���� 	7����2 �� 
  &�' �� �!"    (7H)�� ED7u� #��  �)� .     X/��*� J�	/K   >1�/)�	$)KF (

(
           (/���� �� ����/� � �	/� #�	
 �J�	�114815-2679 � 1369-
353     -9�� ��	F \	�*D� 	
 	71  .      �� �	� �!" a��+� ����� ��	7B


   ,��+9 &�'17        � _��<� �HD� @��
	� ����� �
 pH      ��	/7+� � ?�
  
        ,��+9 &�' �� �	� �!" a��+� �����11      _��/<� �HD� @��
	� �
 

 B� �� �9 ,��� .         ,��+9 &�' �� ����� �!" a��+� ����� ��	7B
4 
    � b� ����� 	]���3 �
 pH  �    �� ����/� �!/" a/��+� ����� ��	7+�

   ,��+9 &�'13              ���/2 �/1= ,��/� � �)*��/� _��I� c��d�� ����� �
 

 �9 ,��� .    ����� �!" 	]���3)b (   (���� ��2000-1250  �/D�     \	/�
  �*
 \	�*D� 	
 . 7� -
�L        �/)*2 #^	/)� �/
 J���)k (     �� ����/� #�	/


 (����50/2-30/0(
 \	�*D� 	
 	71  ��= -�� .  
  �� X��*� J�	K            �� -/����� #�	/
 &�/' c��d�� ��%' #���

       t+) ��	' �� ���� 	L� �� &�' _*D�� -iDh 	�� 	
�	
    &�/' �� �/�
  -��)26 .(   #��*/1=)16 (   �	/� 4�/
�       c��/��= (/� ���*/� ��      �� �/�
<K�     ��*9 \�d)� 4�H.� -Kd -$	r (H���� #�	
 J���� #	7����2 

 &�' �!"           -�� ~uB� 4*� t� #�	
 ED7u� ��*� �� ED7u� #�� .
      X��*� J�	K ��%' _�� ��)Kd (    (
 ����� � �	� #�	
     �� �J/�	�

  (����64605-4188   � 678-33    �*
 \	�*D� 	
 	71 .     �� ��D� �*` (

&�'       /� �!" ����� �(�%�� #��           ����/� �� 	�?�/
 J/��	� (/
 �	 �

           �/� X/��*� J�	/K �0)�� � >1�)�	$ X��*� J�	K �0)��    #�/��
&�' �� �	� 	G�� #�	
 �%' �*
 	7B
 ��%�	�� #��.   

               X/��*� J�	/K �>1�/)�	$ X/��*� J�	/K #�/�	7����2 (<1�%� �

��                	]���/3 � ����/� �!/" c��/d�� 	]���/3 	7����2 ��%' #���

 #	$�
 -$	r  �� &�'       	�*/+0)? #���)   ����/� #�	/
 ( &�/'    #�/�
            �����/� � �	� �!" #�	
 (� ���	� ~uB� (<1�%� ��*� ��%�

&�'    #��3   � 17      &�' � �!" -$	r ��	7B
 #����      #�/�11  �13 
 �19�)�*
 �!" -$	r ��	7+� #���� .  

  
 �	��3 - 5� 
�$����@ 	 I$J 
�$� $��&B�O 	 P�+��	$) G�,# 
���%# �� 5����  ��' �*+,� 
�  

I$J  5���� %# ��&' 
Kd(l.kg-1)nKF(l.kg-1)b(mg.kg-1)K(l.mg-1)Kd(l.kg-1) nKF(l.kg-1) b(mg.kg-1) K(l.mg-1) 

1894637/1  6137 10000 42/1  264 61/4  837 1666 00/1  
2 9153 28/1  9015 1000 00/2117 06/3  605 1666 54/0  
3 33862 17/1  22594 20000 50/2  678 02/2  1369 2000 50/2
4 64605 02/1  48752 - - 631 21/2  318 2000 50/2
5 13249 38/1  10592 5000 66/6  178 38/2  722 1666 00/1  
6 12751 52/1  9375 5000 00/10  179 95/1  617 2000 55/0  
7 7449 01/1  8531 - - 131 21/2  584 1666 66/0  
8 11119 52/0  18836 - - 95 26/2  451 1666 35/0  
9 956124/1  9268 10000 00/2  157 54/2  667 1666 85/0  
10 15003 40/1  10023 5000 66/6  123 95/2  690 1666 85/0  
11 4188 52/1  2679 - - 84 72/2  472 1428 41/0  
12 11422 40/0  24316 - - 239 51/2  739 2000 71/0  
13 7833 05/1  6011 - - 52 52/2  353 1250 30/0  
14 946008/1  6839 - - 33 95/2  357 1000 47/0  
15 696255/0  7568 - - 76 66/2  442 1428 36/0  
16 10160 42/0  15381 - - 38 75/2  355 1111 40/0  
17 16759 22/0  114815 - - 126 95/2  638 1666 75/0  
18 15577 25/0  80723 - - 41 20/3  447 1111 69/0  
19 793229/0  8394 - - 43 81/2  380 1111 45/0  
20 10537 39/0  18492 - - 66 84/3  598 1250 88/0  
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               X/��*� J�	/K �>1�/)�	$ X/��*� J�	/K #�/�	7����2 (<1�%� �


��                	]���/3 � ����/� �!/" c��/d�� 	]���/3 	7����2 ��%' #���
   �� &�' #	$�
 -$	r      	�*/+0)? #���)   ����/� #�	/
 ( &�/'   �/� #

        �����/� � �	/� �!/" #�	
 (� ���	� ~uB� (<1�%� ��*� ��+�
()*+)   &�' #��  4   � 18        &�/' � �!/" -$	r ��	7B
 #����     #�/�

14  �16   � 2     ��7H� �!" -$	r ��	7+� #����  . �	��' ����	
��
   #��
2   � 9             �/)��� ����/� � �	/� 	���� #�	
 �� �!" -$	r ��	7B
  .

  �	��'2   ��I� c��d�� #����         � b� ���� ��1= ,��� ����� ��)*��� _
b�           �	��/' � 	7B/
 -��7.+�� ,�	� #��9      �H/D� @�/�
	� #���� 

         &�/' (�
 (
 -IH) #	7B
 -��.��*01�2 b� � _��<�     �*/
 �/�.  ��
(<1�%�       4����H�*) g�*� ()����" #�)    -/�� ,�B) ,���= A��7) (  4�;/�

         4�/9 ($�/K� 	L�� � ~1�' -��.��*01�2 b� �!"      4�;/� 	/
 4= 
 �//9 ,���B//� � -//$	� ��	//F �//��	
 ��*//� ����//� � �	//� �!//"

 �//�<� �07H//I+� ��!//" #�//�	7����2   b� 4�//9 ($�//K� �//
 #���
�� 4�B) -��.��*01�2 ���� .  

     4*��� �)*� f�<9 � �.�	7.1� ��
     4= �!" 	
 ��    �� 	L� ��  �)��!� .
           �� _��" \�� � _�� ,�	� 	���� �B��;� ��7$� (� �1�3 ��  #�	
 �
��

 �� �!"               l?*/+<� �/1� �*/9 ,��� zK*� a��� �� ��� (D�� (
 �)�*� 
     -H) ("*� a
�F �0�� @�;D$ ��7$� .     4*� t� #�	
 ����*D� #	�	


        �+) �� #��H� -$	r �
 	0�� 4*� (
 -IH)         #�*/o� (D/�� (/
 4�*�
  (�? �� cu2    ��� zK*� #� .     4*��/� 	/�� _�/3 ��� �
    �� X/F�� #�/�

  z%�     4*��� �� (�? t� #��3 ��*D�         ,�/�� @�*/� (/
 (� ����   #�
  ,�9 ��%� �!"      -�� zK*� a
�F ��9�
 ��)� .     �� (/�? �/�� J/�	�

�//���� (//� ���*//�  �)*//� #�//�)�= f�<//9 �//�)��  � ,�//9 #	//�
cI%F  #	�!2 (       -/�� �+u� a
�F �*9 (7$	� 	i) �� .    �)*/� aH/)�72

            � �/.�	7.1� ��/
 (D/�� (/
 �0�� @�;D$       ,�� �/+u� �)*/� f�</9
�//�   @�*//� (//
 (//� �*//9Zn>Cd>Pb-//�� ) _��//"4( . #�	//


4*���    -$	r �
 ����               f�</9 (D/�� (/
 �!/" @��/F �4�H/.� #��
   �� �<� 4*� (�����               	7B/
 �)*/� f�</9 (/j 	� (� #�*` (
 �*9

�� 	7+� (����� f�<9 ��9�
 �� c��;$� �!" @��F � �*9  �
��)24.(   
  

 �	��4- S*'  I$J 	 5���� ���� ?�6��@ 	 ����)33(
(�)( nm ) ���� S*' ���� ?�6��@ 

����� 096/0  23/41  
�	� 127/0  49/31  

  
;�*//�4���//.+� � ) 13 ( ��7
�//F� �!//" �� (//� �//)�	� ,���B//�

4*���     #;D$ #��Cr  �Pb   � Cu      &�/' �!/" @�9 (
       a/��	
 #�/�
     (� �1�3 �� �)�9Cd  �Ni   � Zn    �9 �!" 	7+� �) .      �/
 @�;/D$ #�	/


-$	r               ��1�*/� (/� �/)�	� ,���B/� 4�	0B/���2 	0�� �4�H.� #��
lk���     -H) �7�*��0)�	7.1� �I` )24 .(    ��� � #��.���)14(  �� �
,���)�            �� ����� �!" �&�' �� �0�� @�;D$ �!" #	�4   �� 6  	
�	
 

�)�	� x��;� �	� �� 	7+�.   
  �� #��	7����2 �07HI+�   !" #�����  ����� �
 �      � �/.�;$ #��

 &�' ���+9    (<1�%� ��*� #��)    _��/"5(         �!/" �� (/� ��� 4�B/) 
   �� ������ � �	�  ���    a��9 &�' #��  �b� ����      �H/D� @�/�
	� 
   �/1= ,��� �_��<�   �        �/5� ��)*��/� _��/I� c��/d��      �/�	7����2 ��	/�

��7H�.     4���.+� � ;�*� )24 (    � �1��I� -$	rpH     �\�	� �!" �� �� 
                	L�/� w/� �!" 	
 b� � �1= �
	� ���� � ��	� � a.) ������

��7H)�� .    4���.+� � ���)35 (    � b� �����CEC     	
 	L�� a��*� �� 
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Abstract
This research was carried out to study the sorption of lead (Pb) and cadmium (Cd) at surface and sub-surface 

horizons of ten Palygorskitic soils in eastern Isfahan province. Physical, chemical and mineralogical properties 
of the selected soils were measured. Sorption characteristics of Pb and Cd were estimated from sorption 
isotherms using Langmueir, Ferundlich and linear equations. According to the mineralogical results, smectite, 
mica, palygorskite, chlorite, kaolinite and quartz exist in all of the studied soils. Ferundlich and linear adsorption 
isotherms and Ferundlich, Langmueir and linear adsorption isotherms were able to describe the lead adsorption 
and cadmium adsorption, respectively, Ferundlich isotherm showed higher R2 for both of the elements. 
Parameter n in Ferundlich equation for Pb and Cd was in the range of 0.22-1.52 and 1.95-4.61, respectively. 
Distribution coefficient (KF) for Pb and Cd was in the range of 2679-114815 and 353-1369 Lkg-1, respectively. 
Maximum sorption of cadmium (b) was in the range of 1250-2000 mgkg-1. The constant related to binding 
energy (k) was in the range of 0.30-2.50 Lmg-1 for cadmium. In linear model, distribution coefficient (Kd) for Pb 
and Cd was in the range of 4188-64605 and 33-678 Lkg-1, respectively. In general, lead sorption was higher than 
cadmium sorption in the soils of the area. Correlation coefficients between sorption isotherms parameters and 
soil physico-chemical properties showed that calcium carbonate equivalent, organic mater, cation exchange 
capacity and clay percentage are the most important soil properties for Pb and Cd sorption. 

Keywords: Isfahan, Palygorskite, Adsorption, Lead, Cadmium 
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