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 ก���PกQ�$�R�����S���B�M!ADFT�=�U���VV�$�$D�WX=$I YBY$�ก&�กY ��Z[Mก �
'B?��?$IV'\?]FT? IV'�PกQ�
!��������S\$ก���B�� �Bก��� I!�D��'� L B��MกB�� 
=M��$�B��$(Helianthus Annus)  ���� Jก\$V�$�����ก���$D�WX=$

= M I Y B Y $� ก & � ก Y  � � Z[ M ก  � 
 ' B ?� � ? $  $ = ก & � ก$�R '� M ^V] �U � ก � � �P ก Q � D � �� ' � D �� ' � _ 
 = M  =� V� �� D = 
(ethylenediaminetetraacetic acid (EDTA)) L B^!I�e�$ (Chitosan) �O=ก���B��I YBY$�ก\$��$�B��$                
\$ก���PกQ�$�R^V]VU�D$�$ก��IV'� JกFT?\$?�Vก�BS�M�V =MV]�'V�$&�กY ��Z[Mก �
'B?��?$ 
=MD���� $!�
=$LกO$ 
Y �M&�ก� JกFT?^V]�=M���V�YA&PMD���=�V���D= L B^!I�e�$\$��V�O�$���L�ก�O�Mก�$ &�ก$�R$�U�ก��DกE����='O�M @ D� �    
8 ���V�YAY �M&�ก� JกFT?DFT�=��D!��BYAI YBY$�ก\$V=ก \� �]$ L B��ก 
=M��$�B��$ _ ก���PกQ�F��O�V�$&�กY ��
Z[Mก �
'B��ก���$D�WX=$�Bก��� I!�D��'� L B��MกB��D�O�ก�� 209.00 228.00 L B 963.00 �ก./กก. D�T�=DกE�Dก��'�FT?      
����D!��BYA�����@I YBY$�ก\$FT? F��O���$�B��$��ก��VJVe����MกB��^V]�JM�����V �=M M��!T=�Bก��� L BI!�D��'�
��� U�V�� �U�Y���ก���B��I YBY$�ก\$�O�$�O�Mj
=MFT? ก���B��
=MI YBY$�ก��RM���?$�V ��L$�I$]����! ]�'! PMก�$
ก�$!T= ��ก���B��
=MI YBY$�ก�JM�����V\$��ก �=M M��!T=\�  U��]$ L BV=ก ��� U�V�� D�T�=�V =MD������!�D ���RM   
D=D&$�A�����!�@������\$ก��&��I YBY$�ก F��O� =�V���D= ��_ �O=ก��VJVe��I YBY$�ก
=M��$�B��$D$T�=M&�ก=�V���D= 
�����S B �'I YBY$�ก��M?$�V���&�����ก�$\$�J�L�����D?�Me]=$ �U�\Y]='JO\$�J����FT?�����SVJVe��^V] L BL�O^!I�e�$  
eP�MD�k$������&�����^V]V�ก��I YBY$�ก^�O��_ �O=ก���B���Bก���  I!�D��'�  L B��MกB��  \$��$�B��$ 
"��$��"�%: ก���U���VIV'\?]FT?, �Bก���, I!�D��'�, ��MกB��, I YBY$�ก, V�$�$D�WX=$, Y ��Z[Mก �
'B?��?$ 
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Phytoremediation of Heavy Metals Contaminated Soils from Landfill Site Using Sunflower 
 

Apichit Vijukrattana1,2, Netnapid Tantemsapya*1,2, wanpen Wirojanagud 1,3 and Mongkon Tauon4 
 
 

Abstract 
 

The objective of this study is to treat heavy metals contamination in municipality landfill soils by 
phytoremediation. The ability of Sunflower (Helianthus Annus) grows in heavy metals contaminated soils from 
municipality landfill in uptaking lead, chromium and zinc was investigated. In addition, comparison of 
ethylenediaminetetraacetic acid (EDTA) and Chitosan to Sunflower heavy metals uptake were also explored. 
In this study, experiments were performed by growing Sunflower using soils from Khon Kaen Municipality 
landfill in a series of pots.  After two weeks, EDTA and Chitisan were added at different ratio to increase the 
ability of the sunflower to uptake heavy metal.  Sunflowers were harvested 8 weeks after seeding to analyze for 
heavy metals content in its flower, leaves, stem and root.       

Results revealed that, the soils from municipality landfill were contaminated with lead, chromium and 
zinc equal to 209.00 228.00 and 963.00 mg/kg, respectively. After collected the sunflower to determine the 
amount of heavy metals, Sunflower uptake of zinc was found to be the highest, followed by lead and 
chromium, respectively. For heavy metals accumulation in the sunflower�s parts, all three heavy metals has 
similar trend where heavy metals accumulate greatest in the root, followed by leaves , stem and flower, 
respectively.  

After added chelating agent that has ability to bind heavy metals, it was found that EDTA effect the 
ability of the Sunflower in uptaking heavy metal from the soil. This is due to the ability of EDTA to dissolve 
some heavy metals complex, making them available for plants uptake. On the contrary, this study found that 
Chitasan which can form complex with metals has no impact to lead, chromium and zinc accumulation in 
Sunflower.    
Key words: Phytoremediation, Lead, Chromium, Zinc, Heavy Metals, Contaminated Soils, Municipality Landfill. 
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�DE��F��" ��$��"�% 
     �[&&���$�[HY�Dก��'�ก��
=MD��'=�$���'��!����U�!�H
��ก  DF��B��ก��$U����=�$���'��\?]ก�$='O�MLF�OY �' 
\$
�R$�=$��RMก��_ �� ก��\?] L Bก����RM ก�&ก���DY O�$�R
กO=\Y] Dก� Vก��LF�Oก�B&�'
=M���=�$���'D
] ��JO
���ML�V ]=� V�M&BDYE$^V]&�ก  �[HY�ก���$D�WX=$���F�Q
Dก�V
PR$Y �'!��RM  D?O$  ก���$D�WX=$���Y$J���D�@=U�D>=
�O=$F��J 'A  (=>��V�  ?J I?���� L B!@B, 2543)              
ก���$D�WX=$� F�Q���D�@Y ��Z[Mก �
'BD���� $!�
F�Q@�I ก (�Y�S'�  �V�� B, 2545) ก���$D�WX=$�Bก���
���Y]�'! ���R &�MY��Vก�H&$���� Y�T=ก���$D�WX=$I YBY$�ก
 M�JO$RU���V� &�กก=M
'BD�T=M
=$LกO$ (� =M ���_�$ 
L B �$��� ��HD�$=, 2542) L B��I YBY$�ก\$V�$ ^V]LกO 
�Bก��� I!�D��'� L BL!VD��'� eP�MDก�V&�ก��ก��$U�
=��ก�@AD!�T�=M\?]^����  L��D�=����S'$�A  ����RM���ก��

 ' B ?� � ? $ �U � \ Y] D ก� V ก � � ��� � ^ Y  
 = M I  Y B Y $� ก  
(Tantemsapya et al.,  2007) V�M$�R$&PM!��������ก��
�U���V�WX$�J�>�FFTR$���V�Mก O��DFT�= Vก��LF�Oก�B&�'

=M���F�Q 
     IV ' �� #� ก � � L ก] ^ 
 �[ H Y � �[ H Y � ก � � � $ D �WX = $ ��� 
DY��B��$�R$ �����S�U�^V]IV'ก��$U�V�$����$D�WX=$��
�U�!����B=�V eP� M \?]M���B��@D�k$&U�$�$��ก 
D�!I$I '���MD T=กDFT�=�U���VV�$�$D�WX=$IV'FTR$�J�>�F
V�$D�k$��#�Y$P�M���\?]�]$��$��U� ^V]LกO ก��\?]FT?�U���VV�$�����
ก���$D�WX=$ (phytoremediation) FT?&BVJVe��D=�I YB
Y$�ก���='JO\$V�$^�DกE�����O�$�O�Mj    D?O$   ��ก   \�   
 U��]$   L�O��#�V�Mก O��DY��Bก��V�$�����ก���$D�WX=$I YB
Y$�ก����BV��!���D
]�
]$��U�j  L B!�=�! ��FTR$���D�k$
���D�@ก�]�M  IV'FT?���&B$U���\?]!����!�@������  V�M$�R
ก O��!T=\Y]_ _ ���JM �����SD&��HD���I�^V]\$V�$�����
I YBY$�ก�$D�WX=$ L B�����SVJVe��!���D
]�
]$
=M
I YBY$�ก^V]��ก  
 
 
 

    ��$�B��$D�k$FT?D��Q�ก�&���
PR$^V]V�\$FTR$�����BD��
^�' ^�OD�k$FT?���\?]DFT�=���I>! L B��!��������S\$ก��
�]�$��$F�Q
=MI YBY$�ก L BVJVe��I YBY$�ก^V]V� 
(January  et al., 2008 L B Adesodun et al., 2009)  
&PM��!�@������DY��B��\$ก��$U���\?]DFT�=�WX$�J�>�F
FTR$����$D�WX=$^V] V�M$�R$\$M�$��&�'$�R&PMD T=ก\?]��$�B��$
D�k$FT?ก�@��PกQ� IV'\$ก��DF�����B���#�>�F\$ก��  
VJVe��I YBY$�ก
=MFT?$�R$�����S�U�^V]IV'ก��D������
��BD>�!�D ���RMD=D&$�A DFT�=&��I YBY$�ก\Y]='JO\$�J����
 B �'$RU�^V] ?O�'\$ก��VJVe��
=MFT?^V]V� D?O$ =�V���D= 
(Ethylenediaminetetraacetic acid(EDTA)) (Salt et 
al.,1998; Huang et al.,1997 and Norvell,1991) Y�T= 
^!I�e�$ ���&BD� ��'$�J�I YBY$�ก\Y]='JO\$�J�I YB
D?�Me]=$  
     \$M�$��&�'���_O�$��$�R$��ก���V =M\?]��$�B��$     
\$ก��VJVe��I YBY$�ก\$V�$ L�O'�M^�O��ก���V =M���\?]
V�$����$D�WX=$&��M\$ก���PกQ� V�M$�R$\$M�$��&�'$�R&PM&B
VU�D$�$ก���PกQ�IV'\?]���='O�MV�$�$D�WX=$&�กY ��Z[M
ก �
 'B ?�� ? $ @ D� � ��  $ !� 
= $ LกO $  IV ' ��
���S���B�M!AY �กDFT�=ก���U���VFTR$����$D�WX=$IV'\?]FT? 
IV'�����S���B�M!AD�F�B!T=DFT�=�PกQ�L BD���'�D��'�
ก���B��
=M�Bก��� I!�D��'� L B��MกB��
=M��$�B��$
\$V�$�����ก���$D�WX=$Y ��Z[Mก �
'BD���� $!�

=$LกO$ L BD���'�D��'�_ 
=M =�V���D= L B^!I�e�$
�O=ก���B��
=MI YB\$FT? eP�Mก��\?]FT?�U���VV�$�����ก��
�$D�WX=$ &B�����S V!O�\?]&O�'\$ก���U���V^V]��กL B
 V�����@
=M
=MD��'=�$���'���&B$U�^�กU�&�VD�T�=D��'�
ก����#�=T�$ =�ก��RM��#�$�R'�MD�k$D�!I$I '���M#���?������D�k$
�����O=���ML�V ]=�  
 

��
ก�GHF�� �IDก��  
1.  �$����
ก�GH�DE����	ก������� 
1.1  
���������� V�$���\?]D�k$V�$�$Y ��Z[Mก �
'B
D���� $!�
=$LกO$ �]�$!U��=$ &�MY��V
=$LกO$  
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1.2  ����������� �!
"�ก�"� \?]D� EVF�$#�A��$�B��$
(Helianthus Annus) 
=M!@BDกQ�������A 
�Y����'� �'
=$LกO$  
1.3  $�%�&�' ���D!�����\?]\$ก���V =M$�R��RMY�VD�k$Dก�V

=M��������!���������#���JM\?]�U�Y���M�$��D!��BYA��M
D ! ��  ^ V] L กO  =� V� �� D =  ( Merck) HNO3 ( Merck)  
HClO4(Merck)  L B ��� B �'������$�Bก��� I!�D��'� 
L B��MกB�� (Sigma) L B^!I�e�$ �J���U�Y���FT? (Y&ก.
��$��p$�^!I�e�$) 
 

2.  ก����กF��ก������� 
ก���V =M��
�R$�=$V�ML�VM\$�J���� 1 IV'����' BD=�'V
ก��VU�D$�$M�$V�M$�R 

 
 
 
 
 
 
 
 
 
 
�M
�DE 1 (�)�
��ก�%*���� 
 

2.1  ก�����D����	 
     V�$���\?]\$ก���V =MDกE�&�กY ��Z[Mก �
'BD���� 
$!�
=$LกO$ DกE�L��������!��� Pก��B��@ 20 " 30 e�. 
&U�$�$ 10  &�V &�V B  90  กก.  $U����='O�MV�$���^V]��
�O=$_O�$�BLก�M
$�V 2 ��. _��V�$\Y]D
]�ก�$V]�'D!�T�=M
_��!=$ก��� L B��D!��BYAY�!�@��������Mก�'>�F 
L B��MD!�� ���!@BDกQ�������A �Y����'� �'
=$LกO$ 
L B�����@I YBY$�ก���Y]=M�������ก�� >�!��?�����ก���
���ML�V ]=� �Y����'� �'
=$LกO$ 
 
 
 

2.2  ก�����D���� ��#��NO� 
     VU�D$�$ก��DF�BD� EV��$�B��$ \$ก�B�BF ����ก  
&$��=�'� 3 ���V�YA &�ก$�R$']�'��� Jก\$ก�BS�M
$�V
D�]$_O�$�J$'Aก �M 20 e�. IV'\�OV�$\$L�O Bก�BS�M
D�O�ก�� 1.5 กก. ก�BS�M� JกFT?��M^�]\$D�T=$�V =M    
\Y]^V]���L�MLVVD�O�ก�$ IV'\Y]$RU���$ B 1 !��RM IV'\Y]  
��ก�]$^V]���$RU�DF�'MF= \$�����@���D�O�ก�$ $RU����\?]�V^V]��
ก�����&��V!O������@I YBY$�ก��ก���V�YA IV'F��O� 
^�O��ก���$D�WX=$I YBY$�ก\$$RU� \$���V�YA���  2  &BD���
���=�V���D= L B^!I�e�$ \$�����@ 0-7 �� �I�  L B\$
���V�YA���   8 �]$^�]&BSJกDกE�DFT�=$U����� D!��BYAY�
�����@I YBY$�ก 
2.4  ก�� ��"����H�����	�ก 
     �U�!����B=�VFT?���DกE�&�กL�O Bก�BS�MIV' ]�M
V]�'$RU�ก ��$DFT�= Vก���$D�WX=$ กO=$&BSJก$U�^�=�LY]M���
=�@Y>J�� 70 =M��De De�'� D�k$D� � 48 ?���I�M  &�ก$�R$
$U����='O�MFT?���VV]�'!�กY�$L B�O=$_O�$�BLก�M
D�=�A 48 L ]�DกE����='O�M^�'O=' IV'��#�ก���]����='O�M
\$ก�V_��D
]�
]$ Conc. HNO3 L B HClO4 \$
=�����O�$D�O�ก�� 1:1 &�ก$�R$&PM$U�^�Y������@�Bก���  
��MกB��  L BI!�D��'�V]�'D!�T�=M Frame Atomic 
Absorption Spectrophotometer (AAS) '��Y]=Shimadzu 
��O$ 6501 F 

     \$ก����&�'$�R^V]\?]FT?���^�O��ก���$D�WX=$
=MI YBY$�ก
� � D �k $ FT ? �� � =] � M =� M  I V ' \ ?] �] $ ^ �] ��� 
PR $ \ $ FTR $ ��� 
�Y����'� �'
=$LกO$  L B�U�ก����D!��BYAD?O$ก�$ก��
���='O�M 
 

Q�ก�������F�� ����GH 
1. ��กRG���	 
     V�$���='JO\$FTR$���Y ��Z[Mก �
'BD���� q �� �กQ@B
D�k$V�$ Jก��M��LVM ��=�$���'A���S���U� _ ก����D!��BYA
���='O�MV�$���$U���&�กY ��Z[Mก �
'BD����  F��O���
ก���$D�WX=$
=M�Bก��� I!�D��'� L!VD��'� �=MLVM L B
��MกB��='JO\$V�$ V�ML�VM\$����M��� 1 
 
 

�N��NO� 2-3 $�
���H 

	�����$#�	ก��U��

��	 
Control 

��	 
EDTA 

��	 
Y"��Z�	 

 

	��NO�����$����
����G
ก���M�Z�������	�ก 
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������DE 1 &�+$�,�
�*��ก��-�� �&�'   �!.%���+
/�0!0��ก 1����
������� 

!�@������ !�@������ 

D$TR=V�$ 
silty clay 

loam 
!O�!���D�k$ก�V VO�M 5.45 
�����@=�$���'���S�  (D�=�ADeE$�A) 4.46 
!O�!��������S\$ก��L กD� ��'$
��B&� (cmol+/kg) 

16.12 

^$I��D&$��RMY�V   (D�=�ADeE$�A) 0.31 
�=��=�����RMY�V   (D�=�ADeE$�A) 0.40 
�Bก���        (�ก./กก.) 209.00 
I!�D��'�    (�ก./กก.) 228.00 
L!VD��'�   (�ก./กก.) 6.00 
�=MLVM   (�ก./กก.) 290.00 
��MกB��       (�ก./กก.) 963.00 

 
 

2. ก���M�Z�������	�ก�����	�� �	 
     _ ก���� &�'F��O������@ก���B���Bก�� �
=M
��$�B��$��!O�D� ��'='JO\$?O�M 6.65 " 9.81 �ก./กก.  
\ก ]D!�'Mก��!O������'M�$IV' Liphadzi L B!@B (2003) 
���F��O� ��$�B��$VJVe���Bก���\$?O�M 5.2 - 46.9 �ก./กก.  
&�กM�$��&�'���_O�$�� (Rasin and Ensley, 2000)  F��O�
FT?����^�&B�B���Bก���\$?O�M 0.1-5 �ก./กก.  L B
�U�Y���FT?��BD>� hyperacummulator D?O$FT?\$�M!A 
Cayophyllacea &B�����S�B���Bก���^V]�JMSPM 20,000 
�ก./กก. IV'��$�B��$�����SVJVe���Bก���^V]V� L�O^�O&�V
�O�D�k$FT?��BD>� hyperacummulator  
     ��$�B��$��ก���B��I!�D��'�='JO\$?O�M 2.1 - 4.0 
�ก./กก. IV'#���?���L ]� I!�D��'�&B='JO\$�>��B 
Cr(III) eP�M^�O='JO\$�J���������S$U�^�\?]^V]IV'FT? V�M$�R$
ก��VJVe��I!�D��'�\$��$�B��$ &PM��!O���U�ก�O�I YBY$�ก
?$�V=T�$ IV'F�='JO\$?O�M 0.2 - 5.0 �ก./กก. (Rasin and 
Ensley, 2000)  �U�Y�����MกB����ก���B��='JO\$?O�M 
109.8 " 134.2 �ก./กก.  ก�����!O�ก���B����MกB��
��กก�O��Bก��� L BI!�D��'� D�k$D�T�=M�ก�� D$T�=M&�ก

��MกB��D�k$#���=�Y��
=MFT? L BD�k$���=�Y���������ก
='JOL ]�\$#���?��� 
 

3. Q���� �D�D�D�� �#�ก��$�$������	�ก���
��	�� �	 
     ���กO=!�D � D?O$ =�V���D= D�k$������?O�'\Y]I YBY$�ก���
&�����D�k$I!�M��]�Me��e]=$\$V�$��ก��ก�B&�'��� L B
Dก�Vก��D! T�=$���^V]��ก
PR$ eP�M\$ก���V =M!��RM$�R^V]\?]    
=�V���D= DFT�=?O�'\Y]I YBY$�ก\$V�$Dก�Vก��D! T�=$��� �U�\Y]
FT?�����SVJVe��I YBY$�ก^V]V�
PR$ =�$�OM_ V��O=ก��
�U���VFTR$����$D�WX=$IV'\?]FT?  
     _ ก���PกQ�L�VMV�M�J���� 2 F��O������@ก���B��
�Bก���
=M��$�B��$ D�T�=D��� =�V���D= ��!O���ก�����V���
�BV�� =�V���D= D�O�ก�� 6 �� �I�  IV'��!O�='JO�BY�O�M 15.5 
" 21.8 �ก./กก. �=V! ]=Mก��_ ก���PกQ�
=M Liphadzi 
L B!@B (2003) F��O� =�V���D= ��_ �U�\Y]VJVe���Bก���^V]
V�
PR$\$V�$�Bก=$ IV'��$�B��$VJVe���Bก���\$?O�M 5.2 - 
46.9 �ก./กก. &�กก���V =M!��RM$�RF��O� =�V���D= �OM_ 
�U�\Y]�����@ก���B���Bก���\$��$�B��$DF���
PR$ 
D Eก$]=' L B�U�\Y]ก��LF�Oก�B&�'�Bก���\$V=ก \� L B
�]$DF���
PR$ 
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�M
�DE 2 ก�%$!$�/�0!1�*��
!���1�$-��!*'2�
���'�'*'�� 
 

     �����@ก���B��I!�D��'�
=M��$�B��$ D�T�=D���     
=�V���D=  ��!O���ก�����V����BV�� =�V���D= D�O�ก�� 7 �� �I�  
IV'��!O�='JO�BY�O�M 0.1 " 5.2 �ก./กก. IV'\ก ]D!�'Mก��
!O������'M�$IV' Turgut L B!@B (2004) ���F��O� 
��$�B��$VJVe��I!�D��'�IV'\?] =�V���D= ���!���D
]�
]$   
1 ก./กก. D�O�ก�� 0.714 �ก. L B���!���D
]�
]$ 3 ก./กก. 
D�O�ก�� 0.566 �ก. ก��D��� =�V���D= �U�\Y]�����@ก��
�B��
=MI!�D��'�\$��$�B��$DF���
PR $ D E ก$]='           
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eP�M�=V! ]=Mก����'M�$
=M  Chen  L B  Cutright  
(2001)  
     �����@ก���B��
=M��MกB��  D�T�=D��� =�V���D= F��O� 
��$�B��$&B�B����MกB��^V]��ก
PR$D�T�=�BV��  =�V���D=  
DF���
PR$IV'�JM��V����BV��
=M =�V���D=  D�O�ก�� 6 �� �I�   
IV'��!O�='JO�BY�O�M 143.4  " 162.7 �ก./กก. &�ก_ ก��
�V =M�����S����^V]�O� =�V���D=  ��_ �O=ก���B��
��MกB��\$��$�B��$ 
   ก O��IV'����^V]�O� =�V���D= &B�U�\Y]ก��VJVe��I YB
Y$�ก��RM���?$�V
=M��$�B��$DF���
PR$ ��� =�V���D= �����@
�O�Mก�$ ก��DF���
PR$
=M =�V���D= &B�U�\Y] ก��VJVe���Bก���
L BI!�D��'�DF���
PR$D Eก$]=' \$
@B���ก��VJVe��
=M
��MกB��&BDF���
PR$��ก 
 

4. Q����Y"��Z�	�#�ก��$�$������	�ก���
��	�� �	 
     ^!I�e�$D�k$^�I=IF �D�=�A#���?��������S&�����
ก��I YB�O�Mj ^V]V� (Wang  et al. 2005) �OM_ \Y]I YB
Y$�ก����$D�WX=$\$V�$LF�O==ก��='JO\$�J����FT?�����S
$U�^�\?]^V] ?O�'\Y]ก���U���VIV'\?]FT?����B���#�>�FV�
PR$ 
     _ ก���PกQ�L�VM\$�J���� 2 �����@�Bก��� I!�D��'� 
��MกB�� \$��$�B��$D�T�=��ก��D���^!I�e�$ ����BV��!���
D
]�
]$
=M^!I�e�$\$V�$��������@�O�Mj^�O��!���
L�ก�O�Mก�$ IV'��!O�ก���B��='JO\$?O�M  3.6 " 9.9  �ก./
กก. 0.0  - 10.3 �ก./กก. L B 61.0 " 128.6 �ก./กก. 
��� U�V�� 
     &�ก_ ก���V =MD���'�D��'����='O�M�����ก��D���
L B^�O D���^!I�e�$ F��O�L�ก�O�Mก�$='O�M^�O��
$�'�U�!�H��M�S��� (P>0.05) �����S����^V]�O� ^!I�e�$ 
^�O��_ �O=ก���B���Bก�� �  I!�D��'� L B�� MกB��           
\$��$�B��$ D$T�=M&�ก^!I�e�$^�&��I YBY$�ก�U�\Y]FT?
^�O�����SVJVe��I YBY$�ก^V] ก���PกQ�IV' Schmuhl 
(2001) F��O�^!I�e�$�U����ก���'�ก��I YBY$�ก\$$RU�D��'
�U�\Y]I YBY$�กDก�Vก���ก�Bก=$ eP� M �กQ@B
=M
�����Bก=�I YBY$�ก^!I�e�$=�&='JO \$�>�F���
��$�B��$^�O�����SVJVe��^V] 
 
 

5. ก���
�D����D��
����Gก��$�$������	�ก�	
$# 	�#��\  ��� NO� 
     &�ก_ ก����D!��BYAI YBY$�ก\$�O�$�O�Mj 
=M
��$�B��$ IV'L'ก��D!��BYA D�k$ V=ก  \� �]$ ��ก 
�U�Y��� \$�>��B���D��� =�V���D= L B ^!I�e�$ 
=MI YB
��RM 3  ?$�V V�M�J���� 3 ��V�M$�R 
5.1 $]� ��DE���� �D�D�D�� 
     ก���B��
=M�Bก���\$��$�B��$ ��!O��JM��V\$��ก 
IV'��!O������@�Bก��� \$ V=ก \� �]$ ��ก ='JO\$?O�M 
1.23 - 9.81 �ก./กก. 10.32 - 16.97  �ก./กก. 0 - 7.32 
�ก./กก. L B 11.47-27.83 �ก./กก. ��� U�V�� ��RM$�Rก ^ก
ก��VJVe��
=MFT?&BD����&�ก ก���OM_O�$I YBY$�ก&�ก
��ก ^�'�M�]$ \� L BV=ก ��� U�V�� IV'���ก ^กก��
D! T�=$���
=MI YBY$�ก\$�]$^�]Dก�V^V] 2 ก�@�  ^V]LกO      
1.D$T�=M&�กI YBY$�ก^�Dก�Bก�����!�D �\$De  A
=M
�]$^�]L B�OM_O�$^�'�M�O�$�$
=M�]$^�] 2.D$T�=M&�กก��
!�'$RU�
=MFT?�U�\Y]I YBY$�กD! T�=$���^�F�]=�ก��$RU� 
D�T�=I YBY$�กD! T�=$���^�^V]&BDก�Vก���B��='JO\$�O�$
�O � M j 
 = M FT ? I V ' ก � � � ก _  P ก \ $ D e   A FT ?  
(Phytoremediation of Toxic Metals (2000)) IV'         
=�V���D= &BD�k$���กO=!�D �����U�\Y]I YBY$�กD! T�=$���   
^V]V�
PR$\$�]$FT? L B�OM_ \Y]�B��\$ U��]$L B\�    
��ก
PR$ (Liphadzi et al. 2006) 
     ก���B��
=MI!�D��'�\$��$�B��$��ก���B���JM��V
\$��ก IV'��!O������@I!�D��'� \$ V=ก \� �]$ ��ก    
='JO\$?O�M 0 " 1.30  �ก./กก. 0.57 " 2.28 �ก./กก.          
0 " 1.31 �ก./กก. L B 0.20 " 7.48 �ก./กก. ��� U�V�� 
D�T�=�U�ก��Y�!���L�ก�O�M
=Mก���B��I YBY$�ก     
\$�O�$�O�Mj 
=M FT? F��O� �����@I YBY$�ก����B��  
='JO\$�O�$�O�Mj
=MFT?^�O��!���L�ก�O�Mก�$ ='O�M^�กE���
���กO=!�D � D?O$ =�V���D= กE'�M�OM_ �U�\Y]ก��LF�Oก�B&�'

=MI!�D��'�^�'�M�O�$�O�Mj
=M��$�B��$DF�����ก
PR$  
eP� M��DY��V�M^V]ก O��^�]\$�O�$
=Mก���B���Bก�� �         
\$��$�B��$ IV'  Han  et  al. (2004) ^V]\Y]DY��_ 
=M
ก�����FT?VJVe��I!�D��'�^V]$]='D$T�=M&�ก I!�D��'�D�k$
������='JO\$>�F���FT?$U�^�\?]^�O^V] L BIV'����^���ก&BF�
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I!�D��'�\$�B����ก L B U��]$��กก�O��O�$=T�$j 
D$T�=M&�ก I!�D��'�^�O�����S���&BeP�D
]��JO�O�$�O�Mj 
=M
FT?^V] L BD�k$���$O���MDก��O� ���!���D
]�
]$
=MI!�D��'�
��U�FT?&B��I!�D��'��OM_O�$^�'�M\�L B U��]$\$=�����O�$

����JMก�O����!���D
]�
]$
=MI!�D��'�\$V�$�JM eP�MD�k$ก ^ก
ก����=Mก�$���D=M
=MF�Q&�กF�Q
=MI!�D��'����
#���?��� 
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1. ก���B���Bก���\$�>��B���D���^!I�e�$ 
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                    ก2. ก���B��I!�D��'�\$�>��B���D��� =�V���D=       
2. ก���B��I!�D��'�\$�>��B���D��� ^!I�e�$ 
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                    ก3. ก���B����MกB��\$�>��B���D��� =�V���D=                     
3. ก���B����MกB��\$�>��B���D���^!I�e�$ 

�M
�DE 3 ก�%$!$�/�0!1�$���
���3 (��*��
!��� 
 

     ก���B��
=M��MกB��\$��$�B��$��ก���B���JM��V  
\$��ก IV'��!O������@��MกB�� \$ V=ก  \� �]$ ��ก     
='JO\$?O�M 39.09 " 62.95 �ก./กก. 111.90 " 226.18 �ก./
กก. 59.98 " 116.44 �ก./กก. L B 69.57 " 362.00 �ก./
กก.  ��� U�V��  D�T�=Y�!���L�ก�O�M
=Mก���B��I YB
Y$�ก \$�O�$�O�Mj 
=M FT? F��O������@I YBY$�ก���
�B��='JO \$ V=กก��\� V=กก����ก  L B\�ก���]$  

L�ก�O�M='O�M��$�'�U�!�H L�O V=กก���]$  L B\�ก����ก  
^�O��!���L�ก�O�Mก�$ 
 

4.2 $]� ��DE����Y"��Z�	 
     ก���B��
=M�Bก���\$��$�B��$��ก���B���JM��V\$
��ก IV'��!O������@�Bก���\$V=ก \� �]$ L B��ก       
='JO\$?O�M 0 " 9.31 �ก./กก. 2.13 " 8.50 �ก./กก.           
0 " 6.53 �ก./กก. L B 2.36 " 11.26 �ก./กก. ��� U�V�� 
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D�T�=�U�ก��Y�!���L�ก�O�M
=Mก���B��I YBY$�ก     
\$�O�$�O�Mj
=MFT? F��O������@I YBY$�ก����B��='JO
\$�]$ก����ก L�ก�O�M='O�M��$�'�U�!�H L�O V=กก��\�  
V=กก���]$ V=กก����ก \�ก���]$ L B\�ก����ก ^�O��
!���L�ก�O�Mก�$='O�M��$�'�U�!�H  
     ก���B��
=MI!�D��'�\$��$�B��$��ก���B���JM��V
\$\� IV'��!O������@I!�D��'�\$V=ก \� �]$ L B��ก 
='JO\$?O�M 0 " 7.17 �ก./กก. 0 " 7.39 �ก./กก. 0 " 2.34 
�ก./กก. L B 2.34 " 6.52 �ก./กก. ��� U�V�� D�T�=�U�ก��
Y�!���L�ก�O�M
=Mก���B��I YBY$�ก\$�O�$�O�Mj

=MFT? F��O������@I YBY$�ก����B��='JO\$�O�$�O�Mj 

=MFT?^�O��!���L�ก�O�Mก�$='O�M��$�'�U�!�H 
    D�T�=D��� V���D= F��O���ก���B��
=MI YB\$FT?DF���
PR$ 
D$T�=M&�ก=�V���D=&B^� B �'I YBY$�ก���&�����ก�$\$
�J�L�����e��e]=$ �U�\Y]FT?�����SVJVe��^V]��ก
PR$ ���     
=�V���D= �����@�O�Mก�$ ก��DF���
PR$
=M =�V���D= &B�U�\Y] 
ก��VJVe���Bก���L BI!�D��'�DF���
PR$D Eก$]=' M \$
@B���
ก��VJVe��
=M��MกB��&BDF���
PR$��ก ก����&�'$�RF��O�L B
^!I�e�$^!I�e�$^�O��_ �O=ก���B���Bก���  I!�D��'�  
L B��MกB��  \$��$�B��$  
    ก���B���Bก���  I!�D��'�  L B��MกB��\$��$�B��$ 
\$�>��B���D��� =�V���D=  F��O��Bก��� L B��MกB���O�$\YHO
&B�B��='JO\$ ��ก > \� > V=ก > �]$ L�OI!�D��'�&B
�B��='JO \$��กL B^�O!O='ก�B&�'^��JO�O�$�O�Mj      
�O�$ก���B��
=M�Bก���  I!�D��'�  L B��MกB��\$LกO$
�B��$ \$�>��B���D���^!I�e�$  F��O��Bก���  L B��MกB��
�O�$\YHO&B�B��='JO\$ ��ก > \� > �]$ > Y��             
L�OI!�D��'�&B�B��='JO\$��กL B^�O!O='ก�B&�'^��JO
�O�$�O�Mj 
    _ ก���PกQ�$�R�����S$U�^�\?]D�k$
]=�J D�TR=M�]$
�U�Y���ก����B'�ก�A\?]��$�B��$\$ก��VJVe��I YBY$�ก
DFT�=�WX$�JFTR$����$D�WX=$ \$ก�@�����]=Mก��$U�^�\?]ก��Y ��
Z[Mก �
'B?��?$D���� $!�
=$LกO$$�R$ �����SDF���
��B���#�>�Fก��VJVe��I YBY$�ก^V]IV'ก��D���=�V���D= 
\$��V�O�$���!O�=�V���D=$]='ก�O� 7 �� �I�  �O=ก�I ก��� 

PR$='JOก��?$�V
=MI YBY$�ก����]=Mก���U���V 

ก����ก���
��ก�^  
M�$��&�'$�R^V]�����$�$���$�$&�ก �J$'A��&�'V]�$ก��&�Vก��
���ML�V ]=�L B���=�$���' �Y����'� �'
=$LกO$ 
 

��ก$���������  
� =M ���_�$ L B�$��� ��HD�$=. 2542. I YBY$�ก\$$RU�

��V� D$T�=M&�กก���$D�WX=$&�กก=M
'BD�T=M

=$LกO$.   ก����B?����?�ก�����ML�V ]=�
LYOM?���!��RM��� 2. 
=$LกO$ ���!�����ก���
���ML�V ]=�LYOM��BD��^�'.  

�Y�S'�  �V�� B. 2545. ก���$D�WX=$
=M� F�Q&�ก$RU�
?B
'B\$$RU���V� ���D�@�S�$���Z[Mก �
'B
�J Z='D���� $!�F�Q@�I ก. ���'�$�F$#A 
�� � ' � � � � � � Y � �� @ �� �  ( �� � ' � � � � � �A
���ML�V ]=�) �Y����'� �'$D����. 

=>��V� ?JI?���� ��I�&$A ��H=U�$�'���'� L B��$Pก     
&���V� กก� . 2543. ก���U���V���Y$J�$D�WX=$
\ $ $RU � ��� =U � D > = �O = $ F� �J  'A  &� M Y �� V
$!����#�����? IV'��#���M Bioremediation. 
D=ก���ก����B?����M��?�ก����M����ก���
D!��L BD!����B'�ก�A!��RM��� 10, 26-28 �� �!�, 
^�D�!, ก��MD�Fq, Y$]� 337-348. 
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