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Therefore, the terms polluted and contaminated may be incorrectly applied to 

soil that contain heavy metal loads. For example, the calamine flora of central 

Europe inhabit gossanous (Zn, Cd and Pb) soil, as do the 'copper flowers' of 

the Shaban Copper Arc, Zaire (Brooks eta,!, 1980; Brooks, 1998). 

Table 1.1. The relative abundance Olg g') of a selection of trace elements in soil 

(Noway, 1995; ANZECC, 1999). 

THIS TABLE HAS BEEN REMOVED DUE TO 
COPYRIGHT RESTRICTIONS 

Contamination of soil from anthropogenic sources such as mining and 

smelting of metallic ores cannot be avoided. Human activity has 

contaminated thousands of soil profiles with heavy metals across the globe. 

Remedal technologes are actively sought for the effective management and 

detoxification of soil contaminated with heavy metals. An example of the 

scale of research and implementation required to deal with this growing 

environmental challenge can be taken from the United States Environmental 

Protection Agency which estimated that, as a result of human activities, over 

US$300 billion is required to remediate 217,000 national sites contaminated 

with heavy metals (USEPA, 1997). I t  should be noted that this estimate has 

been determined using existing remedal technologes (such as excavation and 

burial) that are often prohibitively expensive to implement. 

jc151654
Text Box

                  THIS TABLE HAS BEEN REMOVED DUE TO 
                             COPYRIGHT RESTRICTIONS
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or could be easily integrated into the mine's rehabilitation process. 

Table 1.2. A breakdown and description of the techniques collectively termed 

phytotechnology (USEPA, 2000a). 

L2.1. H e a v  metal bioavailability in soil 

Heavy metals must be soluble in the rhizosphere for effective plant uptake to 

occur (Rashn and Ensley, 2000). Dissolved heavy metals are absorbed across 

the root membrane and transported via xylem sap to storage (disposal) sites 

in biologically inactive plant tissues (Morrison, 1980; Robinson, 1997). The 

fraction of the total heavy-metal load of a soil that is readily available for 
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F~gure 1-1. Classical plant response to increasing heavy metal concenhahons in so11 

Paker, 1981). 

The exclusion of heavy metals from uptake is preferable for vegetative covers 

where pastoral land use capabilities are required from the rehabilitation 

process, since the biomass represents a primary component in the food chain. 

Alternatively, for phytoextractive purposes, the heavy metal concentrations in 

plants should reflect concentrations observed in hyperaccumulating species. 

However, as mentioned previously hyperaccumulation is rare and metal 

specific, so in many situations the use of chemical amendments must be 

employed to force plants that normally exclude or indcate heavy metal 

concentrations in soil to respond with accumulator behaviour. 

1.4. Phytoextraction: phytoremediation and phytomining 

Heavy metal bioavailability and resultant phytoaccumulation govern the 

efficiency of a phytoextraction operation. Since the mass of accumulated 
14 
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Figure 2-1. The location of the BHPBilliton Cannington Ag-Pb-Zn Mine, NW 

Queensland, Australia (Wilson, 2002). 

The deposit is divided by faulting Into a shallow low-grade Northern Zone 

and a deeper high-grade and more extensive Southern Zone (Bodon, 1998). 

The major structural feature of the Southern Zone is an isochnal fold (which 

dips to the east and plunges to the south) containing a broadly zoned and 
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faulted sequence of Ag-Pb-Zn, Ag-Pb, and Zn lodes. The orebody is 

subdivided into five main economic zones for mining (Table 2.1) that contain 

10 mineralization types according to the zonation of Pb and Zn and the 

assemblages of various siliceous and mafic gangue minerals. The major 

economic sulphides associated with the Cannington deposit are galena and 

sphalerite (Walters, 1998). The Ag content is principally in the form of 

freibergte but is also present in a solid solution within galena and native Ag. 

Metal production at Cannington scheduled to proceed for a further 22 years, 

accounts for approximately 6% of gIobal Ag output and 7% of global Pb 

output today. It is therefore testament to the environmental commitment of 

BHPBilliton that this study has been undertaken at this time. 

Table 2.1. Subdivision of the C-ington orebody into econo& zones based pimanly 

upon the abundance of sulphide minerals (Walters, 1998). 

jc151654
Text Box


            THIS TABLE HAS BEEN REMOVED DUE TO 
                      COPYRIGHT RESTRICTIONS



�

� :5�

(2(262� � �
�
���
��'��������
�

��		�	
��	�����	��	
��
���	
���	���!!����
�������
�!��	����� ��	
���������

����������!������1*�
����5�52������
�!��	����� ���	!���	������	��!!���� ��	��

������������+�� ��	���	
� ����		����������������	������������	�
���� ��	���

���� ������ ���� ��� ��	������� ���� �	
��
���	
� �����	
��� %�	�	
� ��� !�	
�!��
�

���������� ������
�	
���������	��������	
������������������������� ��������

��� �	
������
����
����������0���!���	�����������	�����!������	
�	
���������

��
�����������
� �����������	����������	
������� �	���� �	
��3����	����������

������� ���������
�
������
���� ��	�����������!����� ���	
�������������
����

���������!��������!����������
�!��	����� �������	������
��������������	
��������

��
���!�	�������� ���������	
�� ������	��Q���
�
��
�C���+������ ���� ���!� ���	
�

�	
����	
�	
������������������ ��� ����������������	��� ������	��������	
�!�����

���������
�	
�����	�������������
�����������	�������	
����	
�����
��!����������

���������� ������������� ������������ ������	�� �����������������
���� ��������
���

�	��� ��
�!���	������������������
� ����
��

�

D���  ��!����	
� ��� ��		�	
��	� �	������� �������� ���
��� 
���
	�
� ��� �� ������

�	
� ���	�!�	!�	������ ���������������	������!�	���	�
� �	� ����������� �������

!����	����	�!��!�������!���������
��	
�����	
�!�!��	���� ��������
���
�������

���� �	��� �����������	����� !�	!�	������� �	
� 
�	
��� ���  ��
�!�� &�.��!�� �	
�

>	.��!�� ��������	� ���
� ���!���������� ��������	� ���
� ���!��� ���� ���	� �� �
�

�	��� ��	��� �	
� ������
� ����� �� �������� ��� ���
�	��� ��� ��	
��� ���� ���������

��	��������
�� ����!��	
�����
�	
�����	��������
�� ����!��*�	��������������

���� �	���
�!�
� �	��� ������������ ���� ��	��������� �	���
�� ����!� ����!����



attach themselves to the bubbles and float at the top of the tanks as froth. 

Figure 2-2. Aerial photograph of  the BHPBilliton Cannington Ag-Pb-Zn Mine (2001) 

indicating the posltion o f  mining Infrastructure and the Process Residue Facilities tailing 

dam complex (Wilson, 2002). 

Mmeral-rich froth is collected and leached with acid to remove fluorlne, a 

major contaminant of the ore body, from the concentrates. The mineral 
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F003

Gypsum, syn - CaSO4·2H2O

Kaolinite 1T - Al2Si2O5(OH)4
Muscovite 2 ITM RG1 - K(Al1.88Fe0.12)(Si3Al)O10(OH)2
Hematite, syn - Fe2O3
Microcline, ordered - KAlSi3O8
Albite, ordered - NaAlSi3O8
Quartz, syn - SiO2
Operations: Import
F003 - File: 5709-03.RAW - Type: 2Th/Th locked - Start:  1.300 ° - End: 65.300 ° - Step: 0.020 ° - Step ti
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F001

Kaolinite 1T - Al2Si2O5(OH)4
Muscovite 2 ITM RG1 - K(Al1.88Fe0.12)(Si3Al)O10(OH)2
Hematite, syn - Fe2O3
Microcline, ordered - KAlSi3O8
Albite, ordered - NaAlSi3O8
Quartz, syn - SiO2
Operations: X Offset 0.067 | Import
F001 - File: 5709-01.RAW - Type: 2Th/Th locked - Start: 1.300 ° - End: 65.300 ° - Step: 0.020 ° - Step time: 2.4 s - Temp.: 25 °C (Room) - Time Started: 20 s - 2-Theta: 1.300 ° - Theta: 0.650 ° - Phi: 0.00 ° - Aux1: 0
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