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¡��D ���; K��� ��"O� 
� W��� *�\ ��/D Z����� ���:��"�8��

4��
 �
���/\ ��:�� (��F �� &�1#� �] %"'.F#
� 1� ,\ A`� � 4�
 "8�� �#�3�¡�D �� 1T#� R1� 
� . *� �z:; ��: (���pH %Y��

*#�a- <>z/� +\ 18��� �� � 2��T�� %d�� %4�:; *�,C 
� R1��
 ���� �.C� ���(Wei et al. 2006) %�#��,��F ��:�.\ 
� K��Q 3� .

*� ��j#� 1� *\ �Q�� 1�?@- (��� ��: "�'��� ¡�D �#��,�F � �z#2�J%
* �F�� U���'� *�� �� �1�z,� W:�\ <"� 
��� �� ���.� ����$� ��

 �3�(Zhao et al. 2016) *�� ���; ��.�� W#�2�J� (���O� �� . ¡��D
*� 1?� ��<�K"'
�3 ��j#� 1� *\ �� ¡��D �#��,��F � �z#2�J ��:

*� %���� *�C.- ��.�� ¡��D ������� +�M� &�\�� 
� �z# &�.�����3 
(Xin et al. 2016).

� W�� *'Y�3|�"���.- &��MC �� H>�V�J 4�7� 4�- &.���

�� ��"9 *\ �.F��*� &; "8�� �
����/\ ��V��� �� �.�\ &�.��

 ��� K��Q �3� �.�F(Vafa et al. 2016; Alvarenga et al. 2015) .
 ���:1J %(��J %"��.- ���� *� �T $� H>V�J 47� A�\1- *b 1��

*�3.- � R1�� p� ��$' 1#��O� K��.,: ��� %�3� 1�a � �./\ �����J
 ��� K��Q �3� *�\ ���� �.�C� &; �� 4�T��3 <�2J 
� ���#
 
� *�#��

4��
 �� 47� �� ��"�� �� �
���/\ ��: "�\ (Li et al. 2012) ��� .
��.� 
� K��Q 3� *\ � �N� <�1�?@- �.C� ��j#� 1� ��; � �z#2�J ��:

�Q 3� %���� ¡�D �#��,�F�� K� 4���
 �� H>�V�J 4�7� *#�� ���:
 �� �����
1#
 ���M�; � ¡��D ���.��; (��! 
� �#�:"���] �
���/\

* ��F�� ���]�� 1��?� <"��� 
��� �� �<�¡���D �2�B��8�9 1��� ���Q��
 ��� ������ (Dede & Ozdemir 2016; Huang & Yuan 2016) .

#�� ���"A3��� ���S:�� U��'� *���1� ��D �
�$0�] *�� K�.�; ��: 
	�� K
�1�� .�.� 4�T�3 <�2J ��Q B� �#��,��F � ��S#2�J ���:

*� �.^�� %�3� K"F ��M�/�] 4�T�3 <�2J W#Y�]��� 1�: �#����0
	�� 
� X�"0 �:* $���j#� *� �#�1�F %���D �#��,��F.S#2�J ��:
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� �/0 o.' %*OP�� 1: �#�.: � H; K1�` � �3� <��Q � �#��3��F
	�� 
� X�"0 1: � 1: �� �:�� *OP� "'�.-AC.� �
�$0�] �/B�1?�

&; �� *�OP�� �.�F.(Calderan & Fullana 2015; Rosestolato 
et al. 2015; Yang et al. 2016; Yin & Zhu 2016) 

<>0 
� K��Q 3� K
�1�� *� �: K�� 
� ��S# &�.��� &�1�� Y��� ���:
K��� 	�� �#���0 ��3� K"�F ��M��/�] �#Y��].(Mehmood et al. 

2013; Wiszniewska et al. 2016) 
����>9 1�� <>�0 1�?� �1����0 ��O�O�- �� &���S,: � �.,��

 +����0 �� �1����0 *�0 "'"��3� *7� ' 4#� *� � K��� ��1! �3�1� ��.�
 <>0DTPA K"�F ���D �� L1 �3� (���! +�����0 W#�2J� ����

 1��: %���3�b1����a- * ��$'�. ' L1 ��3� (����! W#�2��J� 4��#� *��0 "���
 "���0 ����7#� .:���0 K����� ���3.- +������0 1 ��/�� H���C �� ���3.$��

(Mehmood et al. 2013).
	�� �� ��OJ.� %K�.- �$#
 ��"O� *� �T $� �#Y�] K��� ��:

 <�2�J �^` � */#� ���� �� 4�T�3 18��� �31 3� (��! WB�
�� � ���� */#� ���� �� 4�T�3K&��:��� �� 2J �,7- W#�2J� ��:
��1���0 � 4#1 M� Y�� �1S,� �� 	�� 4�#� *��3.- �� �1�:�� 4#1-

 ��� "��F��(Mohammad et al. 2010; Cheng et al. 2016) .
 1�� �� "�3� 6#1 �3 <>0 �1���0 1?� �O�O�- �� &���S,: � &�$9�

�S�3�1� *'.� ���[7� ' 4#� *� � K��� ��1! �3�1� ��.� *0 "'"�3� *
1 �/�� H��C ����� +�����0 <�1�?� &�1�0 +�0 �� <>0 4#� �1���0
 H; �#�1�F � K"F �#Y�] K��� �/B� 1?� &�1� Y�� � K��� �� +����0

��j#� � �#�.: ��� �1?x�� (���� �� ��D �#��,�F � �S#2�J ��:
 "� $'�� �#Y�] K��� �/B� 1?� 1��a-(Ehsan et al. 2014).

� &� ��31MF ��*��� H>��V�J 4��7� 2���' ��� �� ����; �.��0 &�.����
�� ��1! K��Q 3� ��.� �
���/0 �V��� 
� K��Q �3� *�0 "�b 1: .�1��

 ��� ���D ���; K��� "8�� W#�2J� ���� ��; �'��2J� o.' 4#� �.�F
 *�,C 
� 4�T��3 <�2�J &�2�� W#�2J� *,C 
� �-���- pY�, 9� ���

 ���� ��] �� �� +�����0.(Dede & Ozdemir 2016; Huang & 
Yuan 2016; Balkhir & Ashraf 2016) 

*�� K
�1��� <����01- 4#� 
� K��Q 3� *S�#� *� *C.- �� 6�# &�.���
 4���
 �� 6Q�#Y �2C �
����/0 ���: *�� ��� ��,�F %��� "�#�� ����

*� ��D ���.�; �- �.� �:�� U��'� �� 4�T��3 <�2�J *�� *�OP�� ��:
"�b 1: .��� W:�0 �/' <�O�O�- *0WB� K��� &�'"��� � ���; ��:

 ��� �� 4�T��3 <�2�J ���"9 �- <���01- 4#� �� �.C.� *�� "��'�.-
 
1 Brassica napus L. 

��� "��0 H�C �.D �'��
 �- �.�F *#27- ��D �� <���01- 4#� *0 %
��� 
��� ���D *�� <�2�J p��"�7� "�'�1� .(Baghaie et al. 2011; 

Sharifi et al. 2010) 
�0��- %"F K��F� 2�' p>�! *0 �.P'�,: 1�?� ��.�� �� �-��O�O�- &.

<>0 ��N� *� J1#�] <�.�8 �#Y��] K���� �/B� 1?� W#�2J� 1� �:
 �3�(Lee & Sung 2014; Ylivainio 2010).*�0 �#�7'; 
� ���

 %�#�.�: � H; �#�1F *� �T $� �/B�1?� 4#� ��OJ.� "8�� &�2��
��j#� %*OP�� �� �.C.� ��0 � �/0 o.' �#��,��F � ��S#2�J ���:

��D �W:�j�] &"�F ��1����0 ��1� %���� K��� K�.- �$#
 &�2��
#��"��3�1� ��.�� *'���"C *OP�� 1: �� �#Y�] K��� �/B�1?� &�2��

 	��2�� ��OJ &.�0��- ���� &� 31MF �� .�1�� ��1! �.�C� 
� �#��:
K"�#Y; K"�#Y; 4#� &�2�� 4S�� K"F 10� ��D �� �: ���:��S:�� � �:

�
�$0�] �/B�1?� W#�2J� ��1�! ��3�1� ��.�� *�OP�� �� ��D ��
�3� * J1T' (Solgi et al. 2012).��/B�1?� R"�: ��� Z��O�- 4#�

 <>\DTPA K"�F ���,�- ¡�D �# �� +����\ �31 3� ����! 1�
 H>V�J 47� ��."F X�7'� 

F�� �  !��
 �"
*� Z�O�- 4#� 1�?� ��3�1� R"�: ��� �'�"�� W#���
; ��# <�.�8

 <>\ �1���0 �/B�DTPA ��# �� +�����0 ��31 3� �����! 1��
 ��1�C� (��� .�J1#��] <�.�8 H>�V�J 4�7� �� K"F ��,�- ¡�D

�� �� 3�� �� Z�O�- U�,�F �1 �.��0 i��] � ��3 �� ��!�� ����;
 *�� W:�j�] 4�#� ��1�C� K.��' .�.�� ���� 1MF �!1F ��# <�.�8

 ��1�z- *�3 ��� �J���- (��\ ¡.� =1� A��! �� (#�. \�J W#��
;
�- .�.��� �1�����\ (����F ���/#��
; ����:��,�)S0%([~)S15� (|�

)S30(1#���O� �� +�����0 �� K"F K�.�; H>V�J 47� �� z: �� 4-�
)Cd0% (~)Cd5%([�)Cd10� ([~)Cd15����� ( �� +������0 X1���

 <>�\ �1���\ � H>V�J 47� X1�.�\DTPA ) ��"�O� *��E0(��
~/[)E1.5(��� ¡�D X1�.�\ 1� U.� .�.� 

*��� �.��^�� <>��0 W��O' ���3�1�DTPA �
���3��
; &�2���� 1���
 "�8�� ��� 4�T��3 2�J *� K�.�; 1�` �\�D %H>V�J 47� 
� +����0

�] p� �$' ��; 4�1\ � +\ �:;#H�B '� 4�FW#���
; ��.�� ¡�D ."
*� ���� �� * Q: �� <"�q~�q|� "�F K"��'���.D L.��$3 *C��

 "9 �� 1PO� H; �� &; ��.�������"�MT' *���2� ��J1_ "8��
 ��D1� 4����- ��1�� K�T�/#��
; �� 2��' ¡��D *�'.,' 
� ��/B� ."F
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��j#� *����� +�����0 ."�F H��B '� ¡��D �#��,��F � ��z#2�J ��:
K���� ��D �� �.C.� 4�\1�] ��,-� H��C K�T �3� ��3.- � �1��

 U"� 1,��|�|� K
�"'� "F �1�� (Lee et al. 2015).
��j#� F � �z#2�J ��: U�"�C �� K��Q �3� ��.� ¡�D �#��,�[

U�"�C �� W:�j�] 4�#� �� K"�F K��Q �3� 47� ��j#� 4��m,: �q
.�3� K"F 10� *�� �.�^�� §��` ��"�O� �"� �� %H>�V�J 4�7� ©
��3

 +����0��1� ��^` *�M- ©��:�%~%[��[~���� 
� +�����0 X1��
 U.��� � *��3��� +�����0 <�1 �' 6,' ���� "�F ©
��3.§#.�3 
� 

©�� 1�� � ��.�] §�!1� H���3; 6�,0 ��� �" �� 1^' ��.� 47� 1T#�
 K"F 4M] 6� 3>] *� �+�����0 <�1� �' U.��� ��� ©1l�3� <�.8

§�` *'.,' <"� 4#� U.� �� ."F ©
�3 1�- p��-1� H>V�J 47� ��:
 "��9 �� &; ����.�� � "'"��F ���/D ���������
 ����J1_ "��8��

*'.,' �- "F ���"MT' *��2� �� 47� ©�: U����- *� K"F *J�V� +����0
 ."�31� 

, 	-����j#� ¡�D �#��,�F.z#2�J ��: 
Table 1. Physico-chemical characteristics of the soil used 

in this study 
Variable Unit Amount
pH --- 7.04
EC dS m-1 1.12
OC % 0.1
Silit % 40
Sand % 40
Clay % 20
Calcium carbonate % 5
Total Cd mg kg-1 1
P mg kg-1 18
CEC Cmol (+)kg-1 soil 10.8

, 	-F���j#� H>V�J 47� ��: 
Table 2. Characteristics of the waste sludge used in this 

study 
Variable Unit Amount
pH --- 6.4
EC dS m-1 13
OC % 19
Total N % 1.7
P % 1
Total Cd mg kg-1 3
Total Pb mg kg-1 2
Total Zn mg kg-1 12

*'.,' * Q: �� �F�� 
� "�� +�����0 �� K"F K�.�; H>V�J 47� ��:
��$' �� � H��3; dl3 %K"F �/D �.: ���:�%[~�|��� 4�-

 5.B� ¡�D �� �� z:"F*� �*'.,' K�� �# <"� *�� �- "F *�.z'� �:
*'.,' ��.�� <"� 4#� U.� �� � "31� U���- "9 �� �:��8���"

_����
 ��J1�� ��MT' *��2�F ���"�dl3 ."*�� �.^�� ��� �F�\
 L�1\ (T��3) <�� K�����}&�"� ( ��1�.��\ ���Mb p���"9 ��:

 �$F U��1' +:� �# �#�"#1\ "�3� �� � H�B '� ��\ �� ."'"�F * 
 ��� &�"�� 1�: dl�3 %*� B#� ��/z:
 ��1�� 4F ���"O� &�"� 1:
 ¡��D *�'.,' ��# � K"�F ���,�- ¡�D *'.,' 
� X1�.�\ ��Mb ��"9
 
� �1��.�C ��1�� �����0 ��� ��S�F *3 <��,� ."F 1] +: ":�F
 K��� ��� dl3 ."F X�7'� ���, 9� <>S/� ��7#� � ��D 4 $� *3

 L�1\ (T��3 <����} <���,� %K���� "�F� U.�� �� ."F * F�\
 �������; .�J1#���] X���7'� ���3� ���� 
1��: ����MQ� 4���C� � �������;

&�"� 1: �:q*� ��� �# 
�� U.�� �� � "�F X��7'� ��D�.�z# �.��
 ��1�! &��$z# (��1� � �.')�P��� �#�1F �� &�:��� W#��
; <"�

."� J1� 
*-.� �F��1� <�� K��� ��:��� ��F�\ 
� d] 
�� ."�F X��7'

*'.,' %�F��1� 
� d] ��� dl�3 � ��.�,�� H; ��� �"� �� �:��� ��:
 (��� 
� �#�.�: X�"�'� � *�/#� ."'"�F * �$F K"F 1�PO- ��� �� H;

�"C *!.� %"F *�� � &
� *�'���"C X�"�\ 1: � "F K��� ./ $F p>��\
 (O �� ��`�\ �\�] (D��"F*'.,' . *� �: <"�}������ �� ���3

�~ .�$3 *C�� ��/D �� L*�'.,' dl�3 %"�F K��� ��1�! 4�\ ��:
 �z� �3>] R�1�_ �� � K"�F (#"��- ��.�] *�� �!1� H��3; �3.-

."F ���"MT' *'.,' ��: ����� ��}�� � 1 �$\�D L.��$3 *�C��
 K������ 
� "���� 4�T���3 <�2��J ���^` *��'.,' �1���� "���3� ���� ���:

 �#�"#1\q1�,�� 4�\1�] ��,-� H��C K�T 3� 
� K��Q 3� �� U��1'[

U"��|�|� "�F ��)�1!(Lee et al. 2015) ��F��1� ��� &���2,: .
&�"� ¡�D 
� %K��� *�'.,' <�� K���� �/0 ��- ��: ."�F ����1��

*'.,' ���� 
� %&"���.\ � &"�F ��/D �.�: 
� d�] %¡��D ���:q
���  ��� K"'���� �1*��.^�� (�O �� K�T/#��
; *� 1^' ��.� *#27-

."'"F 
*��� �.��^�� K
�"��'� � �1���� ¡���D ����; 4�1��\ ��"��O%	�� 
�

 "F K��Q 3� 1- &.�3�"�$\�(Nelson & Sommers 1982) ����! .
�#�": � �S#1 S��pH *'.,' ���) o���F� K����� �� �.0 � ��D ��:

K
�"'�(*'.,' o��F� "8�� 4 J1� 1^' �� ©1�� "F(McLean 1982) 
K
�"�'� +#���� "#1\ 	�� *� ¡�D �'.�-�\ U���- ��J1_ "�F �1���

(Rhoades 1982) *�'.,' �� +�����\ H��C (��! (zF . ¡��D ���:
 
1 Perkin Elmer 
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*���� U.����� *����3�DTPA ��~/��� �Y.����pH 1�����1�q/�
K
�"'� "F �1��(Lee et al. 2015) H��C �/B�1?� &�2�� 4��m,: .

 ) � �$#
 ��^` �. 0��J 
� K��Q 3� �� 2JBCF *�0 K"�F K"�7��3 (
 K"�F *J��V� 1��� �^` *� �:��� �J�� �� �^` 4�T'��� (8�9

 ���� L�3� 1� ��D *� ��� X1�.��0 1�� X1�� "�F��.(Singh et al. 
2010) 

*'.,' �� �.C.� L1 3� (��! 1Q$J 4�$��� 	�� *� ¡�D ��:[

K���� ��J1� 	�� L�3� 1� K���� �� 1Q$J �^` dl3 � �1��q

���� �|"'�K
� "�F �1��� .(Olsen & Sommers 1982; Murphy 
& Riley 1962) 

��N�D 	�� *� �:; ��"O� "��3� &.��3�1 �- � "��3� ��� �
��3
"F 4���- �.3 �� �J�V� (Nelson 1982) �����; (���- � *�#27- .

K��� X1' �,\ *� �: ��2J�SAS 4�T'���� *$#�O� � �J1� X�7'� 1�� ��:
 ©���; &.�
; L�3�LSD P3 �� U�, 9� w~."F X�7'� "8�� 

K�*+�  &'�() 
K���>3~'  �� �5Z�� U1D �v� k�Q >'��9�� >'�" 

wP��3 �� H>��V�J 4��7� &��2��J�[~�|�4��7� ���� S: �� 4��-
���� W:�0 ���� H>V�J ���pH ) ��D|/�(�"9�� *�� ��$'

 W:��0 4�#� *�0 "F K��� "F� K��� §� �� H>V�J 47� "!�J ��D
���� �� pY�, 9� ��� 1?x�� ���D �� +����0 �31 3� ����! 1� "'�.-

���� <��Q- *0 "�b1: %"F�� ��,�- 4�� ����[~�|��� S: �� 4-
 ��O�O�- �� &����S,: � ���10 ."�/' K":��/� ���D H>V�J 47�

0 *0 "'�10 	��2�*� H>V�J 47� �1��� ���D * #"�3� W:�0 (���
 �� +�����0 *�,C 
� 4�T��3 <�2�J �31 3� ����! W#�2J� ����

 ��3� K"�F ���D(Karami et al. 2009) 1�?� &����S,: � �)��O� .
 ��1! �3�1� ��.� H13 �31 3� ����! 1� �� H>V�J 47� �1���0

 �2�J� ��� ���D * #"��3� W:��0 *0 "'�10 	��2� � K��� �����! W#
 ���3� K"��F K����� "��F� �#��"���� ������ 4�T���3 2��J ���31 3�

(Baghaie et al. 2010) . 
���,�- �� ���D �'.�-�0 U���- W#�7�� ��"O� 4#1 /��|�4�-

 U����- W#��7�� 4#1� ,0 � "�F K":��/� H>�V�J 4�7� �� S: ��
*0 �.� H>V�J 47� "!�J ��,�- *� 5.�1� 2�' �'.�-�0 ���, 9� (���

1�� 4#� �� �� ���; ���:�.0 �� �.�C.� ���; 4�10 �Y�� ��"O� &�.- 

1 Olsen 
2 Murphy 
3 Riley 

�$'��(Yuan et al. 2016; Zhao et al. 2016).�1����0[~4�-

 ���D �'.�-��0 U���- W#�7�� "F ���� H>V�J 47� �� S: �� 
�
�/[�*�� H>V�J 47� &�"� ��D ���/[q1�� ���� U.�� � '��3

 4��m,: ."��# W#�2J� ��D X1�.�0 &��2J�|�4�7� ��� S: �� 4-

� �� ��D �'.�-�0 U���- W#�7�� H>V�J�/[�":��F ���D ��

 *�|/[}<�1�?� 
� ��S# .��� W#�2�J� ���D X1�.�0 1� U.� � '�3
 W�O' *0 �3� ��D ��; K��� W#�2J� %H>V�J 47� 
� §�,M� ���:

- *,C@W#�2�J� %���a� 2�#� 1�8��� ��^` 1�� 1�?� %��; ��.� 4��
- ��J1_ 4�#� *�,: *�0 ���� ���D &�, D�3 =>8� � �'.�-�0 U���

§� �2�B8�9 1� (��.� K���� W#�2�J� ."�F�� ����1�?@- ���$� "'�.-
�� ��D ��; &��1� �' *�,C 
� K���� ���a� ��.�� 4��@- 4,V "'�.-

 �� �#Y��] K���� ��/B� 1�?� &�1� Y�� *7� ' �� � K��� "F� *� 6,0
4��
 T�3 <�2J *� K�.�; ��: 
� �0��9 W:�j�] 4�#� i#� ' ."�0 4�

 �1����0 *0 �3� &;[~�|������ H>�V�J 4�7� ��� S: �� 4�-
���� W#�2J� �� *0 �3� K"F ��D &��1 �' ��� ��� +�O �$� "'�.-

."F�� * F�� 1?� K��� �/#�� "F� 
*� *S�#� *� *C.- �� K��� �.�� *�� H>�V�J 4�7� U.,�� �.� ��

*� �.^�� *� � �.0 &�.�� ��V��� �� ���D ���; K��� "8�� &�1� Y��
�� K��Q 3� ���� �
���/0 &�.� � *�0 �.�� ��:�� U��'� *� "#�� %�.F

�'��2J� 
� �F�' ��D �� 4�T�3 <�2J ���.�; Y��� ��� �� ��; ��:
 *�0 �-��O�O�- 
� �����$� .��� W:��0 �#Y��] K���� �/B� 1?� &�1�


� K��Q 3� ��.� �� %* J1#�] <�.8 &.�0�- <>0 ���D �� �: �#��:
 ���3� K"��/' *�� J1� 1��^' �� ����D ����; K����� "��8�� *��0 K�.��� 

.(Lee & Sung 2014; Ylivainio 2010) 
<>�0 *�S�#� 1�� K�>�� *0 �3� 4#� *C.- (��! * S' 1�?� �� ��:

 *�OP�� 1�: �#�.�: � � H; �#�1�F %K���� o.�' *� �#Y�] K��� �/B�
 2��' ���D �� ���; K��� �.C� %���� �T $� ��� ��/B�1?� 1�� "�'�.-

<>0 �1���0 %"F�� 1?x� 4�T�3 <�2J �31 3� ����! 1��a- �� �:
 �1���0 1?� Z�O�- 4#� �� ���DTPA �� �#Y��] K���� ��/B� 1�?� 1�

 ��.�� <�� ��/0 ���- � H>�V�J 4�7� �� K"F ��,�- ��D 6#
.�J1� ��1! �3�1� 

K�F�k�Q w�(�! #��� e�
!�� 6�}�
 

��,�- �� +����0 &�2�� 4#1 /��S0E1.5Cd15"�!�J *�0 "�F K":��/�
 �����9 � H>��V�J 4��7�~/[� <>��0 U.��� �����[~����� X1���
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�0��D �� ���D L1 �3� (���! +����0 &�2�� 4#1 ,0 � K�.� +����0
 ) H>�V�J 47� �J�#�� wP3 4#1-Y�� ���9 *0 "F �J�#|�4�-

�.� (�� S: �� U�"C)|�0 W#�2J� �� .( ���D �� ���; <���01- �1��
 ���D �� L1 �3� (���! +����0 &�2�� %+����0 EB/� wP3 1: ��

 ��� K"�F ��,�- ��D �� Z�O�- 4#� �� *0 �.�' *� %�J�# W:�0|�
*� K�.�;) H>V�J 47� �� S: �� 4-[���� "�!�J � (+�����0 X1��

 <>0 �1���0DTPA ���� W:�0 ���~[��"O� �� �"8�� +����0
(��! ��D L1 3� ��� K"�F ��,�- ��D *� ��$'[~��� S: �� 4�-

�� �� &; ���, 9� (��� *0 "F K":�/� H>V�J 47� W�O' *�� &�.�-
 ��� ���$' +�����0 ����N- �� H>�V�J 4�7� �'"��� � ���; WB�

(Tang et al. 2015).

, 	-K�<>�0% H>�V�J 4�7� �1���0 *'�� *3 1?�DTPA  <�1� �' �

+����0 &�2�� 1���D L1 3� (��! +����0 ���)(X1�.�0 1� X1� 
Table 3. Triple impact of sewage sludge, Chelate 

DTPA, and cadmium nitrate application on the soil 
available cadmium (mg/kg)  

Treatment Cd0 Cd5 Cd10 Cd15

S0E1.5
ND* i14.15 d9.15 a13.93

S0E0
ND* k3.86 e8.56 b12.26

S15E1.5
ND* m2.84 f6.93 c9.88

S15E0
ND* n2.55 g6.24 d9.13

S30E1.5
ND* o1.83 k3.75 h4.64

S30E0
ND* p1.45 l3.04 i4.04

�� L1 �3� (���! +�����0 ��"O� 4#1 ,0 U�� "#� �� *0 "�b 1:
 4�7� �� �.C.� ��; � �'"�� WB� WO' &; ���, 9� (��� *0) ��D

 ��� ��D �� +����0 &�10 L1 3� (��! 1�` �� H>V�J 6#("�F��
�� H�$9 *� �P��� �$#
 ��N� * S' *�#27- ��� &���2,: ���� %"#;

 4�#� ��� 4�T��3 <�2�J "�'.�] p��"�7� ���D �� ���; <����01- 4#�
�� �:� ��D �� � K"F * $SF ��; <���01- #�� ��� %"'.F"K�� U��'�

 4�7� *�,C 
� ���; <����01- ���N� W�O' 
� &�.� � +: *0 �.� �9
*#�a- ���V� �.�M� �� H>V�J &�.� � +: � �10 K��Q 3� &�:��� ��

 ���/B�1?� W#�2��J� ����DTPA ����D �
���$0�] *��� ��0 6��,0 ���: �1
(Kolodziej et al. 2015) *�0 ��3� &; 
� �0�9 Z�O�- 4#� i#� ' .

9 �- <>0 
� K��Q 3��� *�$� 4#� *� ���#
 ���" %"�0 6,0 "'�.-
 �1���0 *0 �.�' *�~/[��� <>�0 U.��DTPA ���,�- ���D ��

 �� K"F[~�|�*�� K�.��; � ��� S: �� 4-~*�� +�����0 X1�� ����
 W#�2J� A�-1-[[�q�L1 �3� (���! +�����0 ��"�O� �� �"8��

 ��� pY��, 9� 4�#� *0 K�10 ��7#� ��D �J� ����� "�'�.- ��^` W#�2
 ���D �
��$0�] *�� 6�,0 *�7� ' �� � <�� K��� � */#� �� +����0
 K":�/� +: +����0 ���.�; =.P3 1#�3 ��.� �� �M��/� i#� ' .�.F

 �1����0 *�0 �.��' *� "F~/[���� <>�0 U.��DTPA ���D ��
 �� K"F ��,�-[~���.�; =.P3 ��) H>V�J 47� �� S: �� 4-[�

�[~(+����0 X1� ��� *�W#�2J� ���� A�-1-[����� �"�8��
�� �� &; ���, 9� (��� *0 "F ��D L1 3� (��! +����0 &�2�� &�.-

 <>0 WO' *�DTPA .�$'�� +����0 2J �� �.! "'.�] (�S/- �� 

K�K�f��3 f��PQ��  �n'� e�
!�� mjGl 
��,�- �� K��� */#� +����0 &�2�� 4#1 /��S0E1.5Cd15"�F K":�/�

*��0 �����9 � H>��V�J 4��7� "��!�J~/[����� � <>��0 U.���[~
��� U�"C) �.� +����0 X1� .�0 �� X1�}�� 2��' §M���/� i#�� ' .(

 &�.� � *0 �-�.8 �� � "F K":�/� ��D L1 3� (��! +����0 ��"O�
 ���D p��8.�B� ���D �� +����0 �
�3��
; ����! �/B�1?� ���:

 ���; K���� ���9 �� ��� W#�2�J�%pY��, 9� ��� W#�2�J� ����� &�.�-
."F �#Y�] K��� &��"'�� 

, 	-L�1� +����0 <�1 �'� <>0 %H>V�J 47� �1���0 *'�� *3 1?�

���)<�� K��� */#� �� +����0 &�2�� (X1�.�0 1� X1� 
Table 4. Triple impact of sewage sludge, Chelate, and 

cadmium nitrate application on the cadmium content of 
corn root (mg/kg) 

Treatment Cd0 Cd5 Cd10 Cd15
S0E1

ND* j5.02 e9.86 a18.82
S0E0

ND* j4.83 f9.52 b14.35
S15E0

ND* m3.04 h7.09 d12.26
S15E1

ND* l3.84 g7.47 c12.65
S30E0

ND* o2.03 k4.11 i6.46
S30E1

ND* n2.35 j4.95 h7.22

�1���0~/[��� <>0 U.�DTPA ��� K"�F ���,�- ��D ��[~�
|� *�� K�.��;) �1M�F H>�V�J 4�7� ��� S: �� 4-[����� X1��

*� (+����0 W#�2J� ���� A�-1-~�[�+�����0 ��^` �� �"8��
 L1 �3� (���! +�����0 ��"�O� *�0 �3� ���9 �� 4#� %"F K��� */#�

 *�� k.�J ���,�- �1���0 �� &��2,: 2�' ��D A��-1-[��[�"�8��
W#�2J� +�����0 ��^` W#�2J� *0 �3� 4#� *C.- (��! * S' .�J�#

�� pY�, 9� �� <�� K��� */#� �� %��$'�� (��� �� 1�?@- ��- &�.-
 W�B� "�'.�] &"�F * �$SF ����� �.0��� <>0 �1���0 *S�#� �" ��
 L1 �3� (���! *7� ' �� � +����0 2J �� H>V�J 47� ��; � �'"��
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U��'� *� � ��D �� &; &"�;�� *�/#� �� +�����0 �^` W#�2J� &;
 �� K���� *�/#� �� +�����0 ��^` W#�2J� 1T#� �#.3 
� � K"F K���

�� *� &�.- �� H>�V�J 4�7� �� �.�C.� ���a� 1�8��� W�O' (���
 ��!�� �� � 4�T�3 2J H�C �� K��� 1 /�� �#�'�.- � K��� "F� �.�M�

K��� �/B� 1?� W#�2J� �b 1: %�$'�� �#Y�]�WO' *0 "�J���.�.#2
�,' 4�T�3 2J H�C �#�'�.- �� �� K��� .�J1� K"#��' &�.- 

����,�- �� K����� K����$D�F +������0 &�2���� 4#1 ��/��S0E1.5Cd15

���9 � H>V�J 47� "!�J *0 "F K":�/�~/[��� � <>�0 U.�
[~ ����� �.��� +������0 X1�.���0 �� X1��� U�"��C)~�1�����0 .(~/[

��� <>�0 U.�DTPA ���D �� ��� K"�F ���,�-[~�|��� 4�-
 *� K�.�; �1MF H>V�J 47� �� S:[~��� *�� +�����0 X1� A��-1-

 W#�2J� ������[|%"F K��� K��$D�F +����0 �^` �� �"8��
 �1����0 ��� &��2,: 2�' K��� */#� +����0 ��"O� *0 �3� ���9 �� 4#�

 A�-1- *� k.J ��,�-}�[[.�J�# W#�2J� "8�� 

, 	- M�1� +����0 <�1 �' � <>0 %H>V�J 47� �1���0 *'�� *3 1?�

��� ) <�� K��� K��$D�F �� +����0 �^` (X1�.�0 1� X1� 
Table 5. Triple impact of sewage sludge, Chelate, and 

cadmium nitrate application on cadmium content of corn 
branches (mg/kg) 

Treatment Cd0 Cd5 Cd10 Cd15
S0E1.5

ND* g2.47 C5.65 7.52a

S0E0
ND* h2.05 d5.04 6.39b

S15E0
ND* j1.38 f3.14 d5.25

S15E1.5
ND* i1.75 e3.86 5.73c

S30E0
ND* l0.46 j1.24 h2.04

S30E1.5
ND* k0.88 i1.66 g2.34

�� pY�, 9� �� W#�2J� 4#� *� &�.- <>�0 W�O' (���DTPA ��
H�C &; U��'� *� � K��� */#� � ��D L1 3� (��! +����0 W#�2J�
 �� 2��' �M���/� i#�� ' .��$'�� K���� K��$D�F �3.- 1 /�� +����0

 <>��0 �1�����0 1��?� ��.���DTPA W#�2��J� 1��� �� +������0 ���^`
<�� K��� K��$D�F *0 �.�' *� %"F K":�/� +����0 =.P3 1#�3 ��

 �1���0~/[0 U.� ��� <>DTPA �� K"F ��,�- ��D ��|�4�-
 *�� K�.��; �1MF H>V�J 47� �� S: ��~�[����� +�����0 X1��

*��� W#�2��J� ������ A���-1-}��q~+������0 ���^` �� �"��8��
 
� K��Q �3� *�0 �3� &; 
� �0�9 WB� 4#� i#� ' ."F K��� K��$D�F

*� H>V�J 47� �.^�� *�#�a- �#�1F 4��@- * �$'�.- K���� �� ��3�
 
� K��Q �3� � K"�F +�����0 L1 �3� W:��0 � K���� 1� M� "�F� ����

 <>0DTPA 2�J ��; � �'"�� WB� ��:"'.�] 4 $SF �� pY�, 9�

 +�����0 �31 3� ����! W#�2J� ���� �" �� +����0 �� H>V�J 47�
 K"�F <�� K���� ��3.- +�����0 1 /�� H�C &; U��'� *� � ��D ��

��� 4#� �� *b 1�� %�3� %+�����0 H��C �� K���� ��.�.#2�J WO' &
.�S#2�J ���: ��j#� � K��� "F� 1� 1?� � *OP�� �#�.: � H; �#�1F

 �� ��D �#��,�F�,' &�.- .�J1� K"#��' 

K�L�) >(P'? mjGl ��(���BCF ( 

�����! W#�2�J� 
� �0��9 ���"�9 �- W:�j] 4#� i#� ' *0 "�b 1:
 1�?� �� K��� K��$D�F � */#� +����0 �^` � ��D +����0 L1 3�

 �1�����0~/[<>��0 U.���DTPA 1#����O� ���� K"��F ����,�- ����D ��
 ���� %�3� K�.� H>V�J 47� � B� *�� �.�^�� Z��!� ��3�1� � 1�-
J �#Y�] K��� �/B� 1?� "8�� 4���- 
� W:�j�] 4�#� �� +�����0 2�

 ) � �$#
 ��^` �. 0�JBCF "�F *� J1� 6�,0 (.(Charg et al. 

2014) U�"�C i#�� ' L��3� 1��K���� ��/B�1?� 4#1 �/�� �#Y��]
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Table 6. Triple impact of sewage sludge, Chelate, and 

cadmium nitrate application on bio-concentration 
Treatment Cd0 Cd5 Cd10 Cd15

S0E1.5 ���� 0.49b 0.56a 0.50b

S0E0 ���� 0.41c 0.50b 0.42c

S15E1.5 ���� 0.35e 0.38d 0.38d

S15E0 ���� 0.27g 0.31f 0.34e

S30E1.5 ���� 0.17h 0.16h 0.15hi

S30E0 ���� 0.09k 0.12j 0.13ji
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