This is the first volume of the five-volume book series Engineering Tools for

Environmental Risk Management"”, dealing with the following topics:

« types and management of environmental deterioration, particularly pollution,

. environmental toxicology as a versatile tool in monitoring and risk management;

« risk assessment of chemical substances and contaminated land,

« risk reduction measures, focusing on bio- and ecotechnologies;

* case studies demonstrating the interaction between regulation, management
and engineering and the individual application of engineering tools.

The book series focuses on the state of knowledge concerning the environment

and its conscious and structured application in environmental engineering,

management, decision making and legislation.

This first volume provides an overview of the behavior and function of the

healthy environment and the capacity of the ecosystem to serve mankind and

to compensate for adverse changes. The prime causes of these changes are

production and use of chemical substances, abandoned and contaminated land,

intensive agriculture, mining and the complex problem of waste.

The first volume establishes the foundation of the holistic approach used in a

progressive environmental protection by:

« striking a balance between nature's needs and engineering capabilities;

 understanding the interaction between regulation, management and
engineering;

* applying novel technologies and innovative scientific and engineering tools.

The aggregated information and knowledge disseminated in this volume provides

a broad perspective for engineers to adjust their tools to the best management

practices and for managers and decision makers to find synergy between their

goals and existing engineering solutions.

This book series focuses on the state of knowledge about the environment
and its conscious and structured application in environmental engineering,
management and decision making.

ISBN 978-1-138-00154-1

6000 Broken Sound Parkway, NW
CRC Press Suite 300, Boca Raton, FL 33487
Taylor &FrancisCroup ~ Schipholweg 107C
an informaebusiness 2316 XC Leiden, NL
WWWw.crepress.com 2 Park Square, Milton Park

Abingdon, Oxon 0X14 4RN, UK an informa


http://www.crcpress.com

Preface
List of abbreviations
About the editors

Environmental problems-An overview

K. GRU1Z
1 Introduction
2 Ecosystem
3 Ecosystem and man: Ecosystem services
4  Extension and time frame of environmental
risks and their management
5 Environmental compartments: Air, water, and soil
6 Deteriorated ecosystems in general

6.1 Damage in the ecosystem’ provisioning services
6.2 Damage in the ecosystem’s regulating services
6.3 Damage in the ecosystem’s habitat services

6.4 Nature and biodiversity protection

6.5 Invasive species

6.6 Urban ecosystems

Threat by chemical substances: Legislation, production,
use and waste

K. GRUIZ
1 Introduction
2 Production and use of chemical substances
world-wide
3 Risk of hazardous chemicals during their
whole life cycle
4 Regulation of chemical substances in Europe
4.1 GHS pictograms and hazard categories
4.2 European Regulatory Framework
5 Which are the most dangerous chemical substances?

5.1 Practical grouping of environment-contaminating chemicals
5.2 Pesticides
5.3 Biocides
5.4 Cosmetics

xi
Xiii
XVii

22
26
28
28
28
29
30
33
34

41

41
42

44
46
47
47
49
50
51
53
54



vi Table of contents

© o NOoO

Carcinogens

Mutagens

Reprotoxic substances
Pollutants of emerging concern

3 Abandoned and contaminated land
K. GRUIZ

1

abr wN

Deteriorated land and contaminated soil:
An introduction

Contaminated land

Typical soil contaminants

Soil deterioration other than contamination
Some European facts

Environmental risk of chemical agriculture

A. ANTON, G. FEKETE, B. DARVAS & A. SZEKACS

1
2
3

4
5

Introduction to the risk of chemicals in agriculture
Regulation of pesticides in the European union
Environmental impacts of fertilizers and pesticides
3.1 Environmental impacts of fertilizers

3.2 Environmental impacts of pesticides

Output intensity of agrochemicals

Sustainable agriculture

5 Environmental risk of mining
E. VASZITA
1 Environmental problems caused by mining: An introduction

2

o Ok w

7

Nonrenewable resources

2.1 Oil and gas production

2.2 Coal, ore and nonmetallic mineral mining and quarrying
2.2.1 Extraction
2.2.2 Mineral processing

Environmental impacts

Mining production data

Managing environmental risk of mining

Environmental problems caused by mine accidents

6.1 The Stava tailings dam failure

6.2 The Los Frailes tailings dam failure

6.3 The Baia Mare cyanide spill

6.4 The red mud catastrophe at the Ajka bauxite processing plant

Towards more sustainable mining

6 Environmental risk of waste and its management
K. GRUIZ & O. KLEBERCZ
1 The waste problem and its management: An introduction

2

European waste legislation

54
57
58
61

77

77
78
84
86
89

93

93
94
96
97
98
100
108

113

113
114
114
115
115
116
116
118
120
122
123
123
124
125
126

135

135
139



~NOo O1rbh w

Table of contents i

Waste classification and consequent duties

Waste management hierarchy

Waste statistics for Europe

Waste evaluation: Environmental risks and beneflts
Life cycle thinking should be integrated with
environmental risk assessment of chemicals

Management of abandoned and contaminated land
Y. SPIRA, K. GRUIZ, N. UZINGER & A. ANTON

1

2

~ow

European action programs in aid of the management of

contaminated land

Thematic strategy and the upcoming soil framework

directive in Europe

Research and development on soil at EU level

Basic theory of contaminated land management

Risk-based management of degraded and contaminated

land in Europe

5.1 Problem definition and conceptual risk model of
contaminated sites

5.2 Risk assessment of contaminated land

5.3 Risk reduction and remediation of contaminated land

5.4 Management is more than assessing and reducing risk

Environmental risks and impacts
K. GRUIZ

|

O©o~Noolh~whN

Introduction

Environmental management at company level

Managing the environment in general

Managing the risk of projects, plans and programs

Life cycle approach for environmental management
Integrated and risk based management of the environment
Environmental efficiency, eco-efficiency and sustainability
How to manage the environment efficiently?
Environmental management of chemical substances

and polluted land

9.1 Environmental legislation in the context of chemical pollution

9.2 Environmental monitoring
9.3 Risk assessment
9.4 Risk reduction measures

10 Increasing efficiency of environmental management
11 Decision making and decision-support tools

Risk management of chemicals and contaminated
land - from planning to verification

K. GRUIZ, B. SARA & E. VASZITA

1

Introduction, definitions

1.1 Risk management and RMOs

141
143
146
149

151
167

167

171
173
176

180

181
184
185
189

195

195
198
199
204
207
209
210
213

215
216
216
218
219
220
221

227

227
229



Mvii Table of contents

2

w

Phases of environmental risk management and
decision making
2.1 Assessment phase of ERM
2.1.1 Types of problems and their assessment
2.2 Assessment of the problem before implementing a risk
management measure
2.2.1 Chemical substances, products, wastes
2.2.2 Contaminated land and waste disposal sites
2.3 Selection and planning of the RMO
2.4 Implementation and maintenance phase
2.5 Retrospective evaluation of the applied RMO
2.5.1 Verification of the environmental technology
and the risk management measure
2.5.2 Technology verification as a regulatory tool
Necessary information for ERA, SEA and LCA
Environmental risk assessment of chemicals and
contaminated land
4.1 Environmental risk assessment
4.1.1 Qualitative RA
4.1.2 Quantitative RA
4.2 Generic and site-specific quantitative ERA
4.3 ERA of contaminated land
4.4 Special risk management measures for ecological areas
4.5 Environmental risk assessment tools
4.6 Uncertainties in environmental risk assessment
4.7 Risk communication
Life cycle assessment
5.1 Concept of LCA
5.2 Methods and tools
5.3 Application trends
5.4 Application of LCA for contaminated land management
5.5 Integration of LCA and ERA
Socio-economic assessment for environmental management
and decision making
6.1 Traditional forms of socio-economic assessment
6.1.1 Cost effectiveness analysis (CEA)
6.1.2 Cost-benefit analysis (CBA)
6.2 Multi-criteria analysis (MCA)
6.3 Social impact assessment
Environmental technology verification (ETV)
7.1 ETVin the world
7.1.1 ETVinthe US
7.1.2 ETVin Canada
7.2 EU policy: ETAP
7.2.1 About ETAP
7.2.2  Necessity, principle and role of an EU ETV
7.2.3 The ETV pilot program

235
237
237

237
238
240
242
243
246

247
249
249

259
260
260
261
265
269
271
272
273
276
278
278
278
279
280
280

281
283
283
284
287
289
293
293
293
294
294
294
295
295



10 Site-specific risk assessment and management of

point and diffuse sources 313
K. GRUIZ, E. VASZITA & A. CLEMENT
1 Introduction 313
2 Characteristics and differences between point and diffuse sources 314
2.1 Pollution sources 315
2.1.1 Definitions 315
2.1.2 Typical pollution sources 316
2.2 Origin of point and diffuse pollution 317
2.2.1 Point sources and point-source pollution 317
2.2.2 Diffuse pollution from point and diffuse sources 319
2.3 Characterization of point and diffuse pollution 324
2.3.1 Characteristics of point sources 324
2.3.2 Characteristics of diffuse pollution sources 325
3 Different risk management approaches for point and
diffuse pollution 326
3.1 Management of point source pollution 326
3.2 Management of diffuse pollution 328
4  Transport modeling for point and diffuse sources 331
4.1 Transport and fate modeling of point source pollution 334
4.2 GIS-based watershed-scale transport and risk modeling of
diffuse pollution 342
4.2.1 Emitted amount from diffuse sources and the risk
management concept 342
4.2.2 Model calibration using the RRR rate
of the watershed 343
4.2.3 GIS transport model types 344
4.2.4 Combined approach for watershed-scale transport and
fate modeling of diffuse pollution 346
4.3 Site-specific target value for point and diffuse sources 352
4.3.1 Setting the target value and its application
to point sources 352
4.3.2 Setting the target emission from diffuse sources and
planning risk reduction at watershed scale 357
5 Assessment and management of diffuse sources from agriculture 362
5.1 General characterization of agricultural diffuse pollution 362
5.2 Measures to reduce diffuse pollution from agriculture 363
6 Assessment and management of diffuse sources from mining 364
6.1 General characterization of diffuse pollution
from mining 364
6.2 Risk management approach of diffuse pollution from mining 367
6.3 Conceptual risk model of diffuse pollution from base metal ore
mining 368
6.4 Modeling of the fate and transport of diffuse pollution from
mining 369

6.5 Measures to reduce diffuse pollution from mining 369



7

Conclusions about the site-specific risk assessment and management
for point and diffuse sources

| I Scientific and engineering improvement of environmental
risk management

12

K. GRUIZ

1 Introduction

2 Technological efficiency of environmental risk management

3 Innovation is the driving force for the improvement of environmental
risk management

4 Technology demonstration is the key element of the market entry of
innovations

5 Innovative concepts in environmental risk management
5.1 More than risk-based environmental management
5.2 Eco-efficiency and sustainability in environmental risk manage-

ment and decision making
5.3 Innovative environmental data acquisition, evaluation and
interpretation

6 Efficient characterization of contaminated land

7 Trends in environmental risk and impact assessment - life cycle
thinking '

8 Innovative risk reduction technologies

9 Data, information and knowledge in environmental decision making

10 Uncertainty and variability in ERM

11 What is necessary to further develop risk management and increase

its efficiency?

Managing environmental knowledge and the
necessary IT tools

Z. SIKI & K. GRUIZ

1
2

3

Introduction

The example of the environmental information (ENEO)
knowledge base

2.1 The objective of the ENEO knowledge base

2.2 The structure and content of the ENEO knowledge base
The informatics background of the ENEO knowledge base
3.1 IT tools used for creating the ENEO knowledge base
3.2 The developed applications

Subject index

372

381

381
382

384

388
390
390

391

394
395

397
403
404
411

421

43 |

431

432
433
434
438
438
439

447



