Derivation and Use of
Environmental Quality and
Human Health Standards for
Chemical Substances in
Water and Soil

Edited by
Mark Crane

7 Peter Matthiessen
~ Dawn Stretton Maycock
.. Graham Merrington

% Paul Whitehouse




Derivation and Use of
Environmental Quality and
Human Health Standards for
Chemical Substances in

Water and Soil



Other Titles from the Society of Environmental Toxicology
and Chemistry (SETAC)

Veterinary Medicines in the Environment
Crane, Boxall, Barrett
2008

Relevance of Ambient Water Quality Criteria for Ephemeral and Effluent-
dependent Watercourses of the Arid Western United States
Gensemer, Meyerhof, Ramage, Curley
2008

Extrapolation Practice for Ecotoxicological Effect Characterization of Chemicals
Solomon, Brock, de Zwart, Dyev, Posthumm, Richards, editors
2008

Environmental Life Cycle Costing
Hunkeler, Lichtenvort, Rebitzer, editors
2008

Valuation of Ecological Resources: Integration of Ecology and Socioeconomics
in Environmental Decision Making
Stahl, Kapustka, Munns, Bruins, editors
2007

Genomics in Regulatory Ecotoxicology: Applications and Challenges
Ankley, Miracle, Perkins, Daston, editors
2007

Population-Level Ecological Risk Assessment
Barnthouse, Munns, Sorensen, editors
2007

Effects of Water Chemistry on Bioavailability and Toxicity of Waterborne Cadmium,
Copper, Nickel, Lead, and Zinc on Freshwater Organisms
Meyer, Clearwater, Doser, Rogaczewski, Hansen
2007

Ecosystem Responses to Mercury Contamination: Indicators of Change
Harris, Krabbenhoft, Mason, Murray, Reash, Saltman, editors
2007

For information about SETAC publications, including SETAC’s international journals, Environmental
Toxicology and Chemistry and Integrated Environmental Assessment and Management, contact the SETAC
Administratice Office nearest you:

SETAC Office SETAC Office

1010 North 12th Avenue Avenue de la Toison d’Or 67

Pensacola, FL 32501-3367 USA B-1060 Brussells, Belguim

T 850 469 1500 F 850469 9778 T3227727281 F3227705386

E setac@setac.org E setac@setaceu.org
www.setac.org

Environmental Quality Through Science®



Derivation and Use of
Environmental Quality and
Human Health Standards for
Chemical Substances in

Water and Soil

Edited by

Mark Crane

Peter Matthiessen
Dawn Stretton Maycock
Graham Merrington
Paul Whitehouse

SETAC Technical Workshop
Faringdon, Oxfordshire, United Kingdom

Coordinating Editor of SETAC Books
Joseph W. Gorsuch
Gorsuch Environmental Management Services, Inc.
Webster, New York, USA

CRC Press
Taylor & Francis Group

Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business



Information contained herein does not necessarily reflect the policy or views of the Society of Environmental
Toxicology and Chemistry (SETAC). Mention of commercial or noncommercial products and services does not
imply endorsement or affiliation by the author or SETAC.

Published in collaboration with the Society of Environmental Toxicology and Chemistry (SETAC)
1010 North 12th Avenue, Pensacola, Florida 32501

Telephone: (850) 469-1500 ; Fax: (850) 469-9778; Email: setac@setac.org

Web site: www.setac.org

© 2010 by The Society of Environmental Toxicology and Chemistry (SETAC)
SETAC Press is an imprint of the Society of Environmental Toxicology and Chemistry.

No claim to original U.S. Government works

Printed in the United States of America on acid-free paper
10987654321

International Standard Book Number: 978-1-4398-0344-8 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts have
been made to publish reliable data and information, but the author and publisher cannot assume responsibility
for the validity of all materials or the consequences of their use. The authors and publishers have attempted to
trace the copyright holders of all material reproduced in this publication and apologize to copyright holders if
permission to publish in this form has not been obtained. If any copyright material has not been acknowledged
please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmit-
ted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter invented,
including photocopying, microfilming, and recording, or in any information storage or retrieval system, without
written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com
(http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Dan-
vers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and registration for
a variety of users. For organizations that have been granted a photocopy license by the CCC, a separate system
of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only
for identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Derivation and use of environmental quality and human health standards
for chemical substances in water and soil / editors, Mark Crane ... et al.
p. cm.

“A CRC title.”

Includes bibliographical references and index.

ISBN 978-1-4398-0344-8 (hardcover : alk. paper)

1. Water quality--Standards. 2. Soils--Quality--Standards. 3. Environmental
toxicology--Measurement. 4. Water quality biological assessment. 5.
Soils--Quality--Measurement. 6. Public health. I. Crane,

Mark, 1962- I1. Title.

TD370.D47 2010
363.6'1--dc22 2009032733

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com

and the SETAC Web site at
www.setac.org



SETAC Publications

Books published by the Society of Environmental Toxicology and Chemistry
(SETAC) provide in-depth reviews and critical appraisals on scientific subjects rel-
evant to understanding the impacts of chemicals and technology on the environment.
The books explore topics reviewed and recommended by the Publications Advisory
Council and approved by the SETAC North America, Latin America, or Asia/Pacific
Board of Directors; the SETAC Europe Council; or the SETAC World Council for
their importance, timeliness, and contribution to multidisciplinary approaches to
solving environmental problems. The diversity and breadth of subjects covered in
the series reflect the wide range of disciplines encompassed by environmental toxi-
cology, environmental chemistry, hazard and risk assessment, and life-cycle assess-
ment. SETAC books attempt to present the reader with authoritative coverage of the
literature, as well as paradigms, methodologies, and controversies; research needs;
and new developments specific to the featured topics. The books are generally peer
reviewed for SETAC by acknowledged experts.

SETAC publications, which include Technical Issue Papers (TIPs), workshop
summaries, a newsletter (SETAC Globe), and journals (Environmental Toxicology
and Chemistry and Integrated Environmental Assessment and Management), are
useful to environmental scientists in research, research management, chemical man-
ufacturing and regulation, risk assessment, and education, as well as to students
considering or preparing for careers in these areas. The publications provide infor-
mation for keeping abreast of recent developments in familiar subject areas and for
rapid introduction to principles and approaches in new subject areas.

SETAC recognizes and thanks the past coordinating editors of SETAC books:

A.S. Green, International Zinc Association,
Durham, North Carolina, USA

C.G. Ingersoll, Columbia Environmental Research Center,
US Geological Survey, Columbia, Missouri, USA

T.W. La Point, Institute of Applied Sciences,
University of North Texas, Denton, Texas, USA

B.T. Walton, US Environmental Protection Agency,
Research Triangle Park, North Carolina, USA

C.H. Ward, Department of Environmental Sciences and Engineering,
Rice University, Houston, Texas, USA






Contents

LSt Of FIGUIES ..cueeieeiiieiecee ettt xiii
LSt Of TaDBIES ...ttt XV
ACKNOWIBAZIMENES ...ttt Xvii
ADOUL the EAItOTS ...cuveiiiiiiiiiiieicececetecce et Xix
Workshop PartiCIipants .......c..coceeverieririeniinieieencee et xxi
Chapter 1  IntrodUCHON ......cecveiuieieciieieeieie ettt se e seeenaeeeeas 1

Mark Crane, Martien Janssen, Peter Matthiessen,
Steve Maund, Graham Merrington, and Paul Whitehouse

1.1 Background.........ccccoceeieiiiiiiniiiienieeie et 1
1.2 Workshop Objectives and TOPICS.......coceevuereerierienienienicnienieane 2
REfEICNCES ...t 4

Chapter 2  Setting Environmental Standards within a Socioeconomic
CONLEXE ..ttt s 5

Andrew Farmer, Robert Lee, Stefania Loutseti, Kieron Stanley,
Jacqui Warinton, and Paul Whitehouse

2.1 INrOdUCHON ..ottt 5
2.2 Social and Economic CONteXt .........ccecvevrieerenerenenenennennenne 5
2.2.1  Economic ANalysis.......ccccceeeererieniieieeniieieeiieeeeeeee e 5
2.2.2  Social Aspects of Standard Setting............cccceveenenne 6
2.3 Typological Issues in Understanding Standards........................ 6
23,1 INtroduction .........coceeerveeuenienienieieieeeeeeee e 6
2.3.2  Why Does Terminology Matter?...........c.ccoeceeruereenunne 7

2.3.3  Why Are Different Types of Standards
NECESSATY .ttt 8
2.3.3.1 Standards for Different Purposes.................. 8
2.3.3.2  Selecting the Right Standard for the Job........ 8
2.4  Framework for Deriving a New Standard ............ccceceeenne 11
2.4.1  Problem Formulation..........ccccceeevvevievininenencncnennes 12
24.1.1 Why Is a Standard Needed? .............c........ 13
2.4.1.2 Who Needs to Be Involved? ............cc..... 13
24.1.3  CONSLIAINES ....evenreeeieieieeeieeeeee et 15
2.4.1.4 Social and Economic Questions................. 16
2.4.1.5 Stakeholder Analyses.......c.cccccerierereenuenen. 17
2.4.1.6  Check Rejection Criteria ..........ccccceveeeenen. 17
2.4.2  Developing a Specification............cccceeveerueruenieeeennene 18
2421 SCOPEC...coiiiiiiiiiiiiie e 19
2.4.2.2 Form of the Standard.........c.cccecervrenennnne. 19

vii



viii

Chapter 3

Chapter 4

Contents
2423  MONIOTING ..eeoveviieieieieieieeeceieere e 20
2.4.2.4 Consideration of Costs and Benefits........... 21
2.4.3  Deriving a Standard ........c.ccoceviiiiniiiineniineee 22
2.4.3.1 Integrating Scientific, Social, and
Economic Factors .........ccccceveevveeniennieennnen. 23
2.4.3.2 Understanding the Relationship
between Exposure and Effects.................... 23
244 Implementation of Standards .........ccceoeveriienienennenne 25
24.4.1 Meeting a Standard...........ccccevieniniennnnnn. 26
2.4.4.2  Allowing Flexibility .....c.cccooevvieviiineennnenn 26
2.4.4.3 Taking Socioeconomic Factors
INEO ACCOUNL.....coeiriieiiiiieieeienieeie e 27
2.4.44 Importance of Feedback .......cccccocereninnnne. 28
2.5  Some Final ThOUghtS.......cccocoiiiiiiniiiiiiieeiceeeseeeeeseeeeee 28
REfEIENCES ...eoniiiiiiiiiciecc e 29
How Should an Environmental Standard Be Implemented?.............. 31

Mark Crane, Bernard Fisher, Chris Leake, Paul Nathanail,
Adam Peters, Bill Stubblefield, and Tony Warn

3.1 INtroduction .......ccceceeieiiiiiiiniiiiiciciciceceee e 31
3.2  Types and Uses of Standards..........ccceeeveveeveneenenceneneenenees 31
3.3  Essential Features that Allow Implementation of a Standard......36
3.3.1 Using Standards to Guide Decision Making.............. 36
3.3.1.1 Absolute Limits versus Ideal Standards .....36

3.3.1.2  “Ideal Standard” .........ccccovirieniniinieiens 37

3.3.2  Compliance ISSUES.....c.coerverveieieieieiieeneeeeenie e 38

3.3.3 Application of Ideal Standards to Other Media......... 41

3.4 Other Implementation ISSUES......c..coerveriiriinernieneerienieeeen 43
3.4.1 Geographical Scope of Standards...........cccceveeuennn. 43

3.4.2 Background Levels........cccocooiiiiiiniiiininiiiceee 43

3.4.3 Forcing Technological Innovation............cccceevveenenne 44

3.4.4  Verification and Review of Standards........................ 44

3.4.5 Implementation Analysis Report.........cccocevverieuenncnne 45

INOLES . ettt ettt ettt ettt ettt et e st et e sttt e sbaeebeenaee s 46
REfErenCes ......cvvuiiiiiiiiiiiiiiiiiccc e 46
Water and Sediment EQS Derivation and Application...................... 47

Peter Matthiessen, Marc Babut, Graeme Batley, Mark Douglas,
John Fawell, Udo Hommen, Thomas H. Hutchinson,

Martien Janssen, Dawn Maycock, Mary Reiley, Uwe Schneider,
and Lennart Weltje

4.1 INtroduCtion .....cc.coeeverieienienieieicieeeeee e 47
4.2  Specification and Recording of EQS Derivation Procedures..... 50



Contents

43

4.4

4.5

4.6

4.7

4.8
4.9

Selection and Evaluation of Data for Deriving Water

and Sediment EQSS......ccoviiiiiiiiiiieeeeceeee e
4.3.1 Selection and Prioritization of Substances
for EQS Setting ......ccccoeeererenieieieieieenceceeneneeen
4.3.2  Types of Data.......ccoceeeveneniiniiieieieieeeceeecseeeee
4.3.2.1 Species Selection ...........cccceceevueeeecueeeennnnne
4.3.2.2 Test Endpoints........cccccoceeeuivieiiniienineennenne.
4323  Algal Tests c..coeevvirieiiiieiiieceeeeeee
4.3.2.4 Sediment-Dwelling Organisms...................
4.3.3 Data Validity ......cccoeoeiiiiiiniiiinieiieeeecceeeeen
4.3.4 Data Requirements of Different EQS Assessment
MethOdS .....covuvieiieeiieiieeec e
4.3.5 Use of Toxic Body Burdens for Assessing
Sediment TOXICILY......cc.eevverierierierienieieneeieseeieeees
Derivation of EQSS.....cccuveviiiiiieiieeiieceeeie e
4.4.1  Available Methods........cccoocuervieniiiniinieieenieeeeen
4.4.1.1 Standard Test Species Approach ................
4.4.1.2 Species Sensitivity Distributions.................
4.4.1.3 Predictions from Model Ecosystem
(Microcosm and Mesocosm) Data..............
4.4.2  Selection of the Most Appropriate PNEC or EQS
Derivation Method ..........cocceeviiiiiiniiiiiiniiiieeieen
4.4.3  Corrections for Bioavailability ..........cccccceevurverinennenn
Short- (MAC) and Long-Term (AA) EQSs and
Implications of Exceedance...........cooceeveeieiinieneeieneeieseeneen
Marine and Freshwater EQS Derivation ..........cccccceevciveeennen.
4.6.1 Need for Separate Marine and Freshwater
Standards.......oceerieerieni e
4.6.2 Marine Toxicity Data Requirements...........................
4.6.3  Substitution of Freshwater for Marine Data
(And ViICe VerSa) ....cccoeeiuvriieeieiiiieee e
Use of Microcosm, Mesocosm, and Field Data.......................
4.7.1  Introduction to Microcosm and Mesocosm Tests ......
4.7.2  Use of Microcosm, Mesocosm, and Field Studies
for EQS Setting ........ccoceeererenienenieieieieeeeeeeceeene
4.7.2.1 Use of Existing Studies.......c.ccccecervererenncnn
4.7.2.2 Use of New Microcosm and Mesocosm
SEUAIES....eeuvieiierieeriteeeee et
Calculated Estimates of TOXICItY .....coevvevverrerieieeeenenercniennen
Background Contamination by Naturally Occurring
SUDSEANCES ..ttt
491 MetalS ..cooiiiiiiieeieeeeeee e
4.9.1.1 Identifying Background Concentrations.......
4.9.1.2 Modifying Metal EQSs to Account
for Background ...........ccccovveiiiiiiiiieees
4.9.2  Other SUbSLANCES ....c.verveiriiiiiieriieeieeeeeee e



Chapter 5

Co

4.10 Protection of the Human and Wildlife Food Chains

ntents

from Aquatic Contaminants ..........c.cceevereeeeieererenrerenennene 79
4.10.1 Protection of the Food Chain — Humans and
WILALIE@. ..o 79
4.10.1.1 HUMANS c..coiiiiiiiiiiienieeieeneeie e 79
4.10.1.2 Wildlife .c..oooveniniiiiiiciiieicceencceeee 80
4.10.2 Protection of Drinking Water...........ccccceceeevcrenennenn 81
4.10.3 Protection of Recreational Water .........c.cccceccrenenenn 81
4.11 Consideration of Carcinogenicity, Mutagenicity, and
Reproductive Toxicity, Including Endocrine Disruption......... 82
4.11.1 Background to Carcinogenicity, Mutagenicity,
and Reproductive TOXICItY........ccceevverieieiniencreenienen. 82
4.11.2 Carcinogens, Mutagens, and Aquatic Organisms....... 83
4.11.2.1 Population Perspective...........cccccoeeueeeennnne 83
4.11.2.2 Deriving PNECs for Genotoxins................ 83
4.11.2.3 Genotoxicity Assessment Methods............. 84
4.11.3 Reproductive Toxins, Endocrine Disrupters,
and Aquatic OTganisSms.........cccccceeeverueeveenieneeneennennes 84
4.11.3.1 Population Perspective...........cccccoeeueeeennne 84
4.11.3.2 Reproductive Toxicity and PNEC
Derivation .......cocceeveevieriieenieneenieeeeen 84
4.11.3.3 Reproductive and Sexual Development
Toxicity Assessment ToOIS............cccceeeueees 85
4.12  Validation, Implementation, and Review of Aquatic EQSs ...... 87
4.12.1 Validation of Aquatic EQSS ......cccccvvvvvvirininicnincnnenn 87
4.12.1.1 Validation of Correct Derivation................ 87
4.12.1.2 Validation of EQS in the Field.................... 87
4.12.2 Validation Procedures .........cccceeeerviiinienieeniennicennenn 88
4.12.3 Use of Microcosm, Mesocosm, and Field Studies
for Validation PUrposes.........c.ccceevevvevivercnencncnuennes 89
4.12.4 Criteria for Triggering a Review of an
Established EQS......ccccooeiiniiiiiieiiiieeencnceeene 90
413 CoNCIUSIONS......eoueeiieiiiiieieieee e 92
4.14 Recommendations ..........cccceevueerieenieeniienienieenieeieesieeeeeenieens 94
INOLES . ettt ettt ettt ettt ettt et e st st e st et e sbaeebeenaee s 95
RELEICNCES ..vevieeiieieeteee e 95
Derivation and Use of Environmental Quality and Human Health
Standards for Chemical Substances in Groundwater and Soil............ 105
Graham Merrington, Sandra Boekhold, Amparo Haro,
Katja Knauer, Kees Romijn, Norman Sawatsky, Illse Schoeters,
Rick Stevens, and Frank Swartjes
5.1  Introduction and SCOPE.........ccceevueririierieiiinieieneeicneeieeees 105
5.2 Starting Point for the Development of a Terrestrial or
Groundwater Standard.............ccocerieiiniiiiniieece 106



Contents

Chapter 6

xi

5.3 Further Considerations in Soil Quality Standard Setting ..... 109
5.4 Prioritization..........cccceceeeiieieniieiieniieieseeeese e 109
5.5 Exposure Models — Use in Standard Setting...................... 110
5.6 Ecological Endpoints.........ccccccoecerieiiniiiinieicnicciicieees 113
5.7  Relevance and Reliability of Data.........ccccceceeirienenencncnnne 114
5.7.1  Selection of Data prior to Standard Setting
for Data-Rich Substances ..........cccccoeeeveciecerencncnnns 114
5.7.2  Use of Surrogate Data for Data-Poor Substances .... 115
5.8  Assessment Factors — Extrapolation and Soil Quality
Standard Derivation.........c..ccceeeevenienenienienieeceeieeeeene 115
5.9  Availability and Bioavailability..........c..cccccoieiiniiiininnennes 117
5.9.1 Ecological Risk Assessment...........c.ccccccevueeueeuennne 117
5.9.2 Human Health Risk Assessment...........ccccccccecueunene 118
5.9.3  Groundwater.........ccccoeeviirienenienienieeeeeeeeeee e 119
5.10 Background Concentrations ............cccceceeeeereesueneenueneecuennnnns 119
5.10.1 Added Soil Quality Standard Approach .................. 120
5.10.2 Refinement of the Total Soil Quality Standard
APProach ....c.eooiiiiiiiiiiiee 121
5.10.2.1 SSD Approach .......ccccceoiriiniiccniniennnnns 121
5.10.2.2 Correcting the Quality Standard for
Differences in Chemical Availability ....... 122
5.10.2.3 Correcting the Quality Standard for
Differences in Bioavailability................... 122
5.11 Verification of the Standard..........c..cccccueeieeinvnvininininincnnns 122
5.11.1 How to Validate? ..........cccccoievinieiiniiiieeeeeene 123
5.12 CONCIUSIONS.....coviiiieiiiiiiiieiett ettt 124
INOLE .ttt e e e 125
REfEICNCES ...ttt 125
Workshop Conclusions and Recommendations ...........c.cceceeeenennee. 127

Mark Crane, Dawn Maycock, and Graham Merrington






List of Figures

FIGURE 2.1

FIGURE 2.2
FIGURE 2.3

FIGURE 3.1

FIGURE 3.2

FIGURE 3.3
FIGURE 4.1

FIGURE 4.2

FIGURE 4.3

FIGURE 5.1

FIGURE 5.2

FIGURE 5.3
FIGURE 5.4

FIGURE 5.5
FIGURE 5.6

FIGURE 5.7

FIGURE 5.8
FIGURE 5.9

Possible mechanisms for controlling chemical risks to the
ENVITONMENL. ..c.ouiiiiiiiiieiieiieiieie ittt ettt ettt see et 9

Key steps in the development of an environmental standard.......... 12

Multicriteria decision analysis for assessing options for an
environmental standard. ............ccocooiviiiiniiiniini e 24

Transfer of potentially toxic substance between environmental
compartments C; and C,.....ccooieviiiiiniiiiniiiineeecieecceeeee 32

Response function superimposed on screening and mandatory
SLANAATAS. ..ot 33

Representation of uncertainty over spectrum of standards.............. 35

Geometric means of acute atrazine toxicity data in freshwater
and saltwater organisms. (From Solomon et al. 1996.).................... 71

Summary of the added risk approach for dealing with
background concentrations of metals. ........ccccceceevieviinienieninienene. 79

Principles for understanding the mechanisms and effects of
endocrine disrupters or other xenobiotics in aquatic animals......... 86

Canadian Framework for Contaminated Site Assessment.

(From CCME 2004.).....cooiiieeeiieeeeee e 107
Different types of current soil quality standards with some

limited discrimination by land US€.......c..cccevervieneevieniencniencnne. 108
Different levels of protection as a function of soil use.................. 108

Some considerations in the prioritization of substances for the
derivation of soil standards............cccccecieiiiniiiiiiininii 110

Schematized example of a human exposure model....................... 111

Hazard assessment (dose—effect characterization):
hypothetical relationships between exposure and soil
concentration of a chemical...........ccoevieviiiiiieniiiiierieceeee e 112

An example of the process that may be used in establishing
criteria that are based on different exposure scenarios (CCME

2005).. ceteteeeeietee ettt 112
Types of UNCErtainty. .......cccueveeriirieniiienieieneeeseee et 116
Stepwise approach for deriving soil quality standards.................. 121






List of Tables

TABLE 2.1
TABLE 2.2
TABLE 3.1
TABLE 3.2
TABLE 4.1

TABLE 4.2

TABLE 4.3

TABLE 4.4

TABLE 4.5

TABLE 4.6
TABLE 4.7

TABLE 4.8

TABLE 4.9
TABLE 4.10

TABLE 4.11

TABLE 4.12
TABLE 5.1

Examples of terms used for “standard” ............ccceevenievinincnencnne 7
Possible drivers for setting a standard ...........ccocevevvieneniinennienens 13
Examples of meaning of screening and mandatory standards........ 34
Effect of sampling rate on reported compliance..........c..cccccveeneennee. 39

Example of a matrix of potential water EQS values for a given
SUDSTANCE ...ttt s 49

Examples of approaches in different jurisdictions to substance
prioritization for EQS derivation ........c..cccceecveveevieneenencencneenennn. 52

Other data that may be required for deriving EQSs under the
EU Water Framework Directive (also required by most other
regulatory authOrities).......cooeveeieriierienieieeieieee e 56

Summary of ecotoxicological data requirements used
in different jurisdictions for aquatic (surface water)

EQS derivation..........ccc.oioiiiiiiiieceiiecceee e 57
Summary of ecotoxicological data requirements used in

different jurisdictions for sediment EQS setting ........c..ccccceceevenene 59
Comparison of assessment factors in CUrrent Use.........ceceeeveevennnne 61

Effect of statistical model on derived HC5 values obtained

in Australia for metals .......cccccveveerciierienieeeeeeee e 65
Effect of data selection on SSD-derived EQS values (HC1 and

HC5) for chromium (VI) in marine waters ...........c.ccceevveeeeuveeeennennn. 66
Reliability classification of long-term EQSs........ccccocevericninicnenns 67

Examples of organic and inorganic substances for which
toxicity is different in freshwater and marine water organisms ...... 70

Examples of the assessment of genetic microlesions and
macrolesions, or genotoxin-induced phenotypic damage, in
AQUALIC OTZANISTIIS ..ueeetenrieireieeitenieeiteeieeteseee e st stesbte st et esbeeenenbeeas 85

Examples of drivers for reviewing an EQS ..........ccccoconiininnnenn. 91

Concentrations (mg kg™') of total polycyclic aromatic
hydrocarbons in soils from rural, urban, and industrial sites in
the United Kingdom..........ccccooiiiiniiiiniiiiniiicnieecceeecee 120

XV






