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INTRODUCTION

� LEGISLATIVE FRAMEWORK
� Constitution of Republic of South Africa (1996, Chapter 

2), 
� National Environmental Management Act (NEMA, 

107/1998), 
� National Water Act (NWA, 36/1998) 
� Mineral Resources and Petroleum Development Act 

(28/2002)

� In the pipeline…National Waste Management Bill
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INTRODUCTION

� INTERNATIONAL POLICY DRIVERS
SOCIO AND 

ECONOMIC NEEDS

ENVIRONMENTAL 
NEEDSenvironmental problems

r
e
d
e
l
e
o
p
m
e
n
t

present risks

Land reuse



INTRODUCTION

� CONTAMINATED LAND
� Surface and subsurface
� Elevated concentrations of chemicals and other 

substances
� Usually anthropogenic
� legacy vs new (or future) contamination



INTRODUCTION

� CONTAMINATED LAND
Potential Impacts from Contaminated Land
� Human health
� Degradation of the quality of soil and groundwater
� Nature and viability of ecosystems
� Condition of buildings and underground servitudes
� Visual amenity of an area
� Social impacts
� Economic impact



INTRODUCTION

� RISK-BASED LAND MANAGEMENT (RBLM)
� Why a risk-based approach as compared to setting 

absolute standards for the remediation of 
contaminated land?

Varying contaminants
varying geological and hydrogeological conditions 
Varying scales
Varying receptors



Exposure 
Pathways

Contaminants

Receptors

RISK

Source: IFC General EHS Guidelines: Contaminated Land

(Source)



RISK COMPONENTS

CONTAMINANT
Type

Concentration
Release

RECEPTORS
Type

Sensitivity
Land Use

EXPOSURE PATHWAYS
Media

Migration
Fate

RISK MANAGEMENT 
OPTIONS

• Removal
• Treatment

•Relocation
•Land use

restrictions

•Interception
• Ventilation

• Containment



Components of RBLM



INTRODUCTION

� RISK-BASED LAND MANAGEMENT (RBLM)

Source: Contaminated Land Rehabilitation 
Network for Environmental Technologies 
(CLARINET)



INTRODUCTION

� RISK-BASED PHASED APPROACH
� Tiered/multiple stage approach

� Iterative

� Allows for refinement of risks/liabilities 

� DWAF guidelines and section on Contaminated land in 
Waste Bill
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Phase 1 
Site 
Assessment 

�  Non-intrusive 

Phase 

�  Desktop studies 

�  Collation of  

existing data 

�  search existing 

databases 

�  Preliminary Risk 

Assessment 

�  Preliminary 

Conceptual Site 

Model 

 

Phase 2 
Detailed Site 
Assessment 

Phase 3 
Develop 
Detailed Plans 

Phase 4 
Remediation/
Management 

Phase 5 
Post-

remediation 
monitoring 

�  Intrusive phase 

�  QA/QC protocol 

�  Collection of 

Samples 
�  Contamination 

Delineation 
�  Update Risk 

Assessment 
�  Update 

Conceptual site 
model 
�  Preliminary 

Remediation/Mana
gement options and 
Cost/Benefit 
analysis 
 
 

�  Address Gaps 

�  Refine models 

�  Refine risk 

assessments 
�  Refine 

remediation/manag
ement options 
�  Discuss with 

Interested and 
Affected parties 
(I&APs) 
�  Get necessary 

Approvals 
�  Finalise options  

 

�  Develop 

Engineering 
packages and 
project execution 
plans  
�  Implementation 

of plans 

�  Monitor to  

confirm that 
objectives were 
 met 

Data Gaps 



Phase 1

Preliminary
Site Assessment

+ 100% -50%

Technical
Legal
Risks

$

Phase 2

Detailed Site 
assessment

+60% -40%

Technical
Legal
Risks

$

Phase 3

Develop 
Detailed Plans
+40% - 30%

Technical
Legal
Risks

$

Phase 4

Remediation/
management

+20% -20%

Technical
Legal
Risks

$



� RISK ASSESSMENTS

Hazard 
identification

Exposure
assessment

Dose/response
estimation

Risk
Characterization

Source Pathway Receptor

INTRODUCTION



� use of risk assessment to determine remediation 
requirements/objectives is internationally accepted ie risk-
based approach

� tiered approach to risk assessment 

� qualitative or quantitative assessment depending on 
extent of problem

� potential Human Health and Environmental (ecological) 
risks must be assessed

� human health risk assessment includes evaluation of both 
direct and indirect exposure routes



Human Health Exposure Pathways

Air

SourceSoil Surface 
water

Ground 
water

Tap
water

Food

Personal 
air 

Inhalation

Ingestion

Dermal

ContactHousehold  
soil



Environmental Pathways

Water

SedimentGround water

Vadose zone

Surface soil
Plants

Air

Root-zone soil

Sediment

Air Quality 
Guidelines

Water Quality 
Guidelines

• Domestic Use
• Aquatic Eco.
• Marine etc.



RBLM in Practice

� Setting the Scene:
� Large operational industrial complex

� Operations began in mid-1960s

� Complex geology and hydrogeology

� Phase 1 assessments began in 1990s



Mercury (Hg) “hot spots”

•Activated carbon with 
mercuric chloride used to 
produce acetaldehyde and 
vinyl chloride
•Demolished plant in 1996  

• Chlorine production began in 
1964
•Elemental Hg used as an 
anode in
Chlor-alkali production process
•Hg loss during operations 
estimated 120 tons
•Demolished approximately 9 
years ago



Phase 2

� Intrusive work began in 2005 
(Phase 2)

� Analysis of soils (38 test pits), 
groundwater and sediments 

� Primary chemical of concern = 
metal mercury (Hg0) associated 
with building rubble/soil and 
sediments. 

� Highest risk associated with 
volatilisation of elemental mercury

� Low levels of mercury detected in 
the perched groundwater. Risk to 
receptors considered low 



Phase 3

� Immobilisation
� Not practical in all places

� Excavation 
� Disposal on site

• Only 5000 m3
• R5-8 Million (need to dispose off site as well)

– Total cost ~ R16 Million
� Disposal off site (including encapsulation, excluding consultants 

costs)
• ~R 20 Million

Brownfield redevelopment



Phase 4

� REMEDIATION
� Approval obtained from DWAF
� excavation and disposal at H:H class waste facility
� Began August 2008



ACTIVITIES

� Stakeholder engagement
� SH&E management plans
� Transport routes assessments
� Inductions and training 
� Excavation and disposal
� Decontamination
� Occupational Health Strategy development and 

monitoring: (1) ChromAir exposure badge monitoring,
(2) Biological monitoring

� Inspections and audits
� Delineation: (1) Flux chamber measurements

(2) Composite sampling



CHALLENGES



Concrete pillars 

Elemental Mercury around
pillars



Unknown underground servitudes



RE-DEFINING

� January 2007 – on hold

� Redefine scope, technology/methodology

� Approval of additional R38 million

� Stakeholder involvement

� Fieldwork resumed in June 2008



Source: National Research Council, 2003



ADDITIONAL ACTIVITIES

� Updating of SH&E management plans and quality 
control

� Tier 2 risk assessment and soil vapour modelling
� Grading, reshaping and compaction

� Piloting (optimisation) of remedial methods
� Updating risk matrix and communication plans



PARTING THOUGHTS

� In the absence of legislative 
guidelines, a risk-based approach to 

assessing and remediation of 
contaminated land has its merits



� Brownfield redevelopment illustrates 
sustainable land use compared to 
greenfield development



� Stakeholder involvement is critical
(Practice the 4 Cs)



� Teamwork is critical



� Challenges are inevitable, be 
prepared to go back and allow the 

process to evolve



THANK YOU!

Questions?


