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1. Introduction

The South African government is a signatory to the
London Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter
(1972) (the London Convention) and to the 1996
Protocol to the London Convention (the London
Protocol). The London Convention and London Protocol
regulate the deliberate disposal of waste materials in the
marine environment. In South Africa, the Integrated
Coastal Management Act 2008 (Act 24 of 2008) (ICM Act)
gives effect to the provisions of the London Convention
and London Protocol. There are seven categories of
waste and other material that are regulated under the
ICM Act. Of these, the largest volume of material that
requires disposal in offshore waters of South Africa is
dredged material, derived predominantly from
maintenance and capital dredging in ports.

The branch Oceans and Coasts of the Department of
Environmental Affairs is mandated with the
responsibility for regulating the disposal of materials in
the marine environment off South Africa. As per the
conditions of the London Convention and the London
Protocol, Oceans and Coasts uses a National Action List
to make decisions on whether sediment identified for
dredging
openwater disposal. The basis for the formulation and
the manner in which the Action List is used for decision-
making has not, however, been documented in sufficient
detail. Furthermore, experience has shown that the
existing National Action List is limited from several
perspectives and needs to be revised. To this end Oceans

is of a suitable quality for unconfined,

and Coasts invited service providers to propose an
approach for the revision of the National Action List,
with the focus on the metal sediment quality guidelines
and associated decision-making criteria. The focus of the
revision is on the Action List per se and not on the
formulation of a dredged material assessment
framework, of which the National Action List will form a
part. Through a competitive process, the Coastal and
Marine Pollution research group of the CSIR was
appointed to provide recommendations for the revision
of the National Action List.

2. About this report

Sediment management is complex and multivariate,
involving a careful balance of science, politics, and
economics (Apitz et al. 2004). The National Action List
will need to balance the sometimes conflicting needs of
dredging proponents and the need to protect the
ecology of the dredging and dredged spoil disposal
conflicting needs and
economic realities, the logical approach is to revise the

environments. Because of

National Action List by consulting stakeholders. This
report does not, therefore, present a revised National
Action List,
information on factors that need to be considered and

but rather provides stakeholders with

options for its revision. An invitation to a technical
workshop hosted by the branch Oceans and Coasts of
the Department of Environmental Affairs in Cape Town
will be extended to certain stakeholders. The aim of the
workshop is to develop an understanding of the needs,
concerns and opinions of stakeholders on the revision of
the National Action List.

To facilitate this process, the term Key Issue is used in
the text of this
stakeholder input is sought. The Key Issues are generally
framed as questions. The Key Issues are also summarised
separate Stakeholder Input report, which
stakeholders are requested to complete and return to

report to highlight areas where

in a

officials at the branch Oceans and Coasts of the
Department of Environmental Affairs before the
technical workshop. Stakeholders are encouraged to
issues that they feel have not been
adequately addressed in this report. Stakeholder inputs

raise other

will be consolidated and addressed to the extent
practicable workshop. After the
workshop, a draft technical report will be prepared,
which will include the revised National Action List. The

in the technical

report will be circulated to a wider stakeholder audience
for further comment before being finalised.

Although this report deals with technical issues, where
possible these are described and discussed in a format
that (hopefully) accommodates non-specialist audiences.
The use of acronyms has been avoided wherever
possible for this purpose.

3. The London Convention and London
Protocol

As mentioned above, the deliberate disposal of waste
and other matter at sea is regulated internationally by
the London Convention and the London Protocol.
Although other treaties and conventions have relevance
in some areas of the world (e.g. the Oslo-Paris (OSPAR)
Convention for the Protection of the North East Atlantic
(1992)), none is relevant to South Africa. As a party to
the London Convention and the London Protocol, the
South African government has agreed to adhere to the
pollution prevention principles encapsulated in these
treaties, to enforce them under national law, and to
report annually on disposal and monitoring activities.

The London Protocol entered into force on 24 March
2006. It modernises and will eventually replace the
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London Convention, when all members of the London
Convention are also parties to the protocol. For
countries that are already parties to the London
Protocol, the protocol supersedes the London
Convention.

The London Protocol reflects the global trend towards
precaution and prevention, with parties agreeing to
move from controlled disposal at sea of a variety of land-
generated wastes towards integrated land-based
solutions for most, and controlled sea disposal of a few
remaining categories of wastes or other matter. It
introduces, amongst other improvements, the
precautionary and polluter pays principles, and a new
process for the assessment of wastes and other matter.

Under the London Protocol, all dumping of waste and
other matter at sea is prohibited, except for possibly
acceptable wastes on the so-called ‘reverse list’.
Whether these wastes are permitted for dumping is
assessed using a procedure written into the London
Protocol. The categories of waste include:

1. dredged material,

2. sewage sludge,

3. fish waste, or material resulting from industrial fish
processing operations,

4. vessels and platforms or other man-made structures,

5. inert, inorganic geological material (e.g. mining
wastes),

6. organic material of natural origin,

7. bulky items primarily comprising iron, steel, concrete
and similarly unharmful materials for which the
concern is physical impact, and limited to those
circumstances where such wastes are generated at
locations, such as small islands with isolated
communities, having no practicable access to
disposal options other than dumping.

The London Protocol states that ‘Each Contracting Party
shall develop a national Action List to provide a
mechanism for screening candidate wastes and their
constituents on the basis of their potential effects on
human health and the marine environment.” Annex Il of
the London Protocol provides guidance on the
assessment of wastes or other material that may be
considered for dumping at sea. To provide guidance for
implementing Annex I, Waste Assessment Guidelines
were developed. The guidelines set out a procedure that
should be followed by countries assessing proposals for
sea disposal. Waste specific guidance has also been
developed to assist in assessing each of the categories of
materials that may be dumped under the protocol.

4, The Integrated Coastal
Management Act

The ICM Act gives effect to South Africa’s obligations to
the London Convention and London Protocol. Section 73
of the Act states that (see Appendix 1):

(1) The Minister must progressively and subject to
available resources, develop a national action list to
provide a mechanism for screening waste and other
material on the basis of their potential effect on
human health and the marine environment.

(2) The national action list must—

(a) be developed in accordance with the Waste
Assessment Guidelines set out in Schedule 2; and
(b) contain the prescribed information.

Schedule 2 referred to in part (2) above is a verbatim
extract of Annex Il of the London Protocol (see Appendix
2), that is, Guidelines for the Assessment of Wastes or
Other Material that may be Considered for Dumping at
Sea.

5. What is an Action List?

As mentioned above, the Waste Assessment Guidelines
of the London Protocol state that ‘Each Contracting Party
shall develop a national Action List to provide a
mechanism for screening candidate wastes and their
constituents on the basis of their potential effects on
human health and the marine environment.” As
intimated by this statement, an Action List
mechanism that allows managers and regulatory
authorities to reach an informed decision on the
suitability of waste material proposed for disposal in the
marine environment. The Waste Assessment Guidelines
state further that ‘An Action List shall specify an upper
level and may also specify a lower level. The Upper Level
should be set so as to avoid acute or chronic effects on

is a

human health or on sensitive marine organisms
representative of the marine ecosystem’. The upper and
levels are, in the parlance of the Waste
Assessment Guidelines, known as Action Levels. In other
words, an Action List is comprised of one or more Action
Levels. In the context of the disposal of dredged
material, the Action Levels provide the decision criteria
for determining whether dredged material (a) is suitable
for unconfined, openwater disposal without further
testing, (b) must undergo detailed testing before a
decision can be made, or (c) is unacceptable for
unconfined, openwater disposal and thus requires
special management.

lower
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Action Levels may comprise one or more criteria that are
used to identify whether the environmental concern is
low or high for a particular characteristic of concern. The
characteristics of concern in dredged material might
include the concentrations of chemicals in the sediment,
a biological response, or other characteristics that
provide insight into the potential for the material to
adverse biological effects in the

cause marine

environment.

An Action Level may, and often does, comprise criteria
for a combination of physical, chemical and biological
characteristics. In the context of dredged material,
Action Levels should meet a number of general criteria
including that they:

1. Should be meaningful for the dredged material
characteristics and valued resources at issue,

2. Should focus on characteristics caused by
anthropogenic impacts,

3. Should be sufficiently protective to minimise the
probability of false negatives at the lower Action
Level (i.e. reaching a conclusion that the dredged
material poses no risk when in fact it does), and

4. Should be sufficiently accurate to minimise the
probability of false positives at the upper Action
Level (i.e. reaching the conclusion that a dredged
material poses a risk when, in fact, it does not).

The Waste Assessment Guidelines state that ‘In selecting
substances for consideration in an Action List, priority
shall be given to toxic, persistent and bio-accumulative
substances from anthropogenic sources (e.g., cadmium,
mercury, organohalogens, petroleum hydrocarbons and,
whenever relevant, arsenic, lead, copper, zinc, beryllium,
chromium, nickel and vanadium, organosilicon
compounds, cyanides, fluorides and pesticides or their
by-products other than organohalogens).’

The conclusions that are drawn from the use of Action
Levels and the management decisions that follow are
dependent on the technical basis of the Action Level
derivation. Thus, Action Levels should be developed and
applied with an understanding of what the Action Level
is intended to protect and the technical argument linking
the specific Action Level and protection objective. An
upper Action Level is intended to provide a definitive
decision point where the waste material under
consideration may not be disposed unless further
managed. Using an Action Level as the basis for reaching
a conclusion that substances associated with the waste
would likely cause adverse environmental effects if the
waste were disposed requires that the Action Level be
based on quantitative information about exposure (e.g.

concentrations of the substance organisms would
contact) and effects (e.g. toxicology of the substance).

It is important at this stage to note that Action Lists and
Action Levels, while analogous to screening
approaches such as sediment quality guidelines, have a
different intent. The intent of an Action List is to provide
a definitive decision point as part of a waste assessment
process, whereas screening tools help to categorise
wastes, but without specific regulatory intent. Thus, the
upper Action Level is intended to provide a definitive
decision point where the waste material under
consideration may not be disposed, unless further
managed. Screening approaches can be one of the tools
used when making these decisions. Upper screening
levels (e.g. Level Il sediment quality guidelines) are,
however, usually intended to indicate greater
environmental concern and the requirement for further
investigation, but each individual screening level may
not have been developed with a specific regulatory
intent. Exceeding an upper screening level increases the
degree of scrutiny that would be undertaken before a
decision is made, but the regulatory authority must also
consider many other factors, including the total number
of screening factors analysed, the toxicological
importance of each screened contaminant, the volume
of waste or other matter to be disposed, and other
project specific items.

level

6. Contaminated sediment
6.1 What is contaminated sediment?

As far as the author could establish, no South African
legislation provides a definition of contaminated
sediment. There also appears to be no universally
accepted definition of contaminated sediment. For the
purposes of this report the definition of contaminated
sediment provided in Section 501(b)(4) of the United
States Water Resources Development Act of 1992 will
suffice, namely that ‘aquatic sediment which contains
chemical substances in excess of appropriate
geochemical, toxicological or sediment quality criteria or
measures; or is otherwise considered by the
Administrator [of EPA] to pose a threat to human health
or the environment’.

Thus, there are two critical issues pertinent to
contaminated sediment, namely that chemical
substances are present at higher than ‘normal’

concentrations and that they pose a risk to human
and/or ecological health. As discussed elsewhere in this
report, contaminated sediment does not necessarily
pose and a risk to human and/or ecological health and
deciding when it does is often a complicated process.




Revision of National Action List for the Screening of Dredged Material

6.2  The significance of contaminated
sediment

Sediment is an important component of coastal aquatic
it provides essential habitat for
autotrophic and heterotrophic
organisms, and bacteria (MacDonald et al. 2003). As
such, sediment is essential to the functioning of ‘healthy’
coastal aquatic ecosystems (Burton 1991). Considering
the role and importance of sediment in coastal aquatic
ecosystems, it is clear that any form of anthropogenic
disturbance to sediment will have an ecosystem level
effect. One of the most significant forms of
anthropogenic disturbance to sediment is chemical
contamination. Coastal waters receive contaminants
from local anthropogenic activities and through riverine
inputs, amongst other factors. Within these waters the
contaminants partition between aqueous (porewater
(water between sediment grains) and overlying water)
and solid phases (sediment, suspended particulate
matter and organisms, Luoma 1983). Sediment is an
extremely important sink for many contaminants that
are anthropogenically introduced into surface waters.
The reason is that many contaminants have low water
solubility (i.e. are hydrophobic, or water repulsing)
and/or are particle reactive. Once introduced into
coastal waters, the contaminants adsorb onto
suspended sediment and organic matter and are in this
manner ‘scavenged’ from the water column through
flocculation, coagulation and sedimentation (Forstner
and Wittman 1979, Olsen et al. 1982, Huh et al. 1992,
Honeyman and Santschi 1988, Mwanuzi and De Smedt
1999, Hatje et al. 2003). Sediment solids can hold up to a
million times more metal than an equivalent volume of
water. It is not surprising then that the concentrations of
most contaminants in sediment and at the sediment-
water interface usually exceed those in the water
column by several orders of magnitude (Horowitz 1991,
Daskalakis and O’Connor 1995).

ecosystems since
communities  of

In hydro-dynamically low energy environments, where
there is relatively little physical disturbance of sediment
(e.g. estuaries, ports and marinas), contaminants can
accumulate in sediment to such high concentrations that
they cause adverse effects to sediment-dwelling
organisms through direct toxicity, or indirectly by
altering community and foodweb structures (Chapman
1989, Burton 2002). Even in aquatic systems where the
concentrations of chemicals in the water column are
quality guidelines,
sediment may still be adversely affecting sediment-
dwelling organisms (Chapman 1989, Baker and Kravitz
1992, McCauley et al. 2000). By the same token, many
sediment-dwelling organisms inhabit burrows that are

below water contaminants in

relatively isolated from the surrounding sediment and
may thrive even in contaminated sediment provided that
overlying water quality is acceptable (Warren et al. 1998,
Chapman et al. 1999b).

Sediment-dwelling organisms are in intimate contact
with sediment and sediment porewater and, therefore,
in intimate contact with contaminants that may be
adsorbed onto the sediment particles or dissolved in the
porewater. Many benthic invertebrates derive their food
by consuming sediment and digesting particulate organic
matter between the grains, or by consuming particulate
organic matter on sediment. This serves as an important
exposure route for these organisms to (particularly
organic) contaminants that are partial to adsorption
onto organic matter. At elevated concentrations,
sediment-associated contaminants have been linked to a
sediment-dwelling
organisms. The testing of field-collected sediment in the

number of adverse effects to
laboratory has demonstrated that contaminants may be
acutely and chronically toxic to benthic species (e.g.
Swartz et al. 1986, 1991, Ferraro et al. 1991, McGee et
al.  1999). benthic invertebrate
communities have been observed in sediment with

Alterations to

elevated contaminant concentrations (e.g. Swartz et al.
1985, 1991, Thompson and 2004). The
development of tumours and other abnormalities in
benthic-feeding fish has also been attributed to
sediment-associated contaminants (Couch and
Harshbarger 1985, Malins et al. 1985, Goyette et al.
1988, Vethaak and Wester 1996, USEPA 1998, Jacob
2008).

Lowe

Many substances that accumulate in sediment can also
accumulate in the tissue of fish and shellfish, through
dietary transfer. these
tissue-borne contaminants may represent significant

At elevated concentrations,

risks to humans and wildlife that consume aquatic
organisms. Fish consumption advisories or total bans on
fishing are now a more or less routine feature in many
countries, risks that contaminants
accumulated in fish and shellfish tissue pose to human

because of the

consumers. Contaminated sediment also has social and
economic implications, including the need to dispose of
dredged sediment in expensive containment facilities
rather than at unconfined, openwater sites, where there
is a risk that the contaminants in the sediment may
cause adverse effects. Contaminated sediment can
reduce biodiversity and fish stocks and adversely affect
the recreational value of a waterbody and human
communities that are reliant on fishing for their
economic wellbeing. Therefore, accumulation of toxic
represents an important

concern that needs to be addressed by environmental

substances in sediments

4
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managers. Environmental protection efforts in many

countries now recognise sediment as a critical
component of aquatic ecosystems and require its
routine  monitoring for  environmental quality

assessments and for such activities as dredging.

Sediment does not only act as a sink for contaminants,
however, but it may also be a significant, long-term
source of contaminants to the water column. The
(through desorption) of

sediment is

release or remobilisation

contaminants occurs when physically
disturbed through natural processes (e.g. tides, storms,
bioturbation (due to burrowing formation and
movement of animals in an on sediment)) or through
anthropogenic activities (e.g. dredging). This has special
significance in the context of dredging projects and is

hence discussed in more detail below.

7. Environmental effects of dredging

Since the purpose of the revised National Action List is to
provide staff from the branch Oceans and Coasts of the
Department of Environmental Affairs with a mechanism
for reaching informed, transparent and consistent
decisions on the suitability of dredged material for
unconfined, openwater disposal in South Africa, it is
worthwhile  providing an overview of some
effects of dredging. Although this
predominantly on the adverse
environmental effects of dredging and dredged material
disposal, it is important to note that dredging may have
environmental, social and/or economic benefits (e.g.
Braden et al. 2004). The most obvious benefits are socio-
economic, such as improved navigation and port
facilities for the trade of cargo, but there are also
environmental benefits associated with some dredging
projects (e.g. remediation or clean-up dredging - see
below).

environmental
overview focuses

It is also important to note that although there are
adverse environmental effects associated with both the
dredging and dredged material disposal processes, the
act of dredging itself (and hence associated
environmental effects) is not covered by the London
Convention and the London Protocol. Nevertheless, a
decision on whether dredged material is suitable for
unconfined, openwater disposal is made using data
generated from the laboratory analysis of sediment
samples collected from in-place sediment identified for
dredging. These analyses do, therefore, provide a
mechanism for assessing the significance of certain
adverse environmental effects associated with the
dredging process.

Dredging activities can broadly be categorised as
maintenance dredging, capital (sometimes called
construction) dredging and environmental dredging.
Maintenance dredging involves the routine, periodic
removal of fine-grained material that accumulates in
navigable waterways and ports as a result of natural
processes. Maintenance dredging is performed annually
in most South African ports. This type of dredging is
performed to permit the safe movement of vessels in
navigable waterways and ports and is by far the most
common type of dredging throughout the world. Capital
dredging is wusually performed to support new
developments, such as quays in ports, new navigation
channels, and to increase the depth of already navigable
waterways beyond their original design dimensions. This
type of dredging is non-repetitive and often involves the
dredging and disposal of large volumes of
heterogeneous material over a relatively short period of
time. A local example is the recent dredging performed
in the entrance channel to the Port of Durban, which
now has
Panamx vessels to enter

dimensions that permit new-generation
the port. Environmental
dredging is performed to create or restore habitats (e.g.
nesting islands), and so called clean-up or remediation
dredging, which involves the dredging and safe disposal
or confinement of contaminated sediment. There are
other types of dredging that do not fall into these
categories, including dredging for resources (e.g. gravel,
diamonds), dredging for shoreline nourishment/
protection, and dredging with  the
development of flood control mechanisms. In some

associated

cases dredging will fall into two or more categories. For
example, maintenance or capital dredged material is
often used beneficially (e.g. shoreline nourishment)
rather than disposed. There are several options to
dispose of the dredged sediment (e.g. beach
nourishment or creation of artificial wetlands in the case
of clean sediments, or isolation and containment on land
in the case of contaminated material), but for economic
reasons most dredged material is disposed at
unconfined, openwater sites.

The environmental effects of dredging fall into two
broad categories, namely effects associated with the
dredging process and effects associated with the
dredged material disposal process. Although dredged
sediment is often disposed in confined containment
facilities or used for beneficial purposes, this discussion
focuses on the unconfined, openwater disposal of
dredged material. The most obvious direct and certain
adverse effects associated with the dredging process are
the removal of substrate and organisms in or on that
substrate, and the re-suspension of sediment and the
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associated increase in water column turbidity and
suspended solids concentrations. This leads to the loss
and/or disturbance of habitat and biodiversity. With the
exception of deep-burrowing benthic or highly mobile
epibenthic organisms that may survive a dredging event
through avoidance, dredging can result in the complete
removal of organisms from a dredging site. The benthic
and epibenthic community will usually recover after the
dredging event. The nature and period of recovery is,
however, site-specific and may take from a few months
to many years. In situations where there is frequent
dredging, complete recovery may never occur.

In environments where the dredged substrate is
comprised predominantly of sediment, benthic
communities usually recover more quickly compared to
areas where the dredged substrate is comprised of
stable gravel habitat that is dominated by long-lived
components with complex biological interactions
controlling community structure. In the latter case,
recovery may take many years and possibly decades
(Boyd et al. 2003). It is important in this context to note
that re-colonisation and recovery are not analogous.
While re-colonisation may lead to recovery and may
already begin within a few days after a dredging event,
recovery refers to the development of a community that
is the same or very similar to the community that existed
prior to the dredging event. As stated above, recovery
may take many years and if there is irreversible habitat
change through dredging (e.g. replacement of one
substrate type with another) may never occur. Scientists
now recognise that the rate of recovery is site specific
and there is no overall unifying trend in recovery.
Obviously, the loss of a community will alter biodiversity
within the dredged ecosystem and affect organisms in
higher trophic levels through, for example, the loss of
food sources for fish that feed predominantly on benthic
organisms.

All methods of dredging lead to the re-suspension of
sediment, both during the excavation process and during
overflow from hoppers and barges. The extent of
sediment re-suspension depends on many factors,
including sediment properties (e.g. grain size) and site
conditions (e.g. current strength; Palermo et al. 2008). In
many cases, resuspension is usually near-field and
generally only lasts during and for a short period after
the dredging event (Herbich and Brahme 1991, Collins
1995). However, in cases where very fine-grained
sediment (so-called powder mud) is dredged the
sediment may remain suspended in the water column
for many hours after the dredging event and extend over
a large area (Herbich and Brahme 1991, Collins 1995,

Pennekamp et al. 1996, Johnson and Parchure 2000,
Hayes and Wu 2001). Amongst other impacts, increases
in suspended solids concentrations and turbidity reduce
light penetration into the water column and may thus
influence the photosynthetic ability of flora (water
column and submerged forms), clog and damage the
feeding apparatus of filter feeding organisms (Essink
1999), and reduce the prey capture ability of line-of-sight
predators (e.g. piscivorous fish and birds). Resettling of
suspended particulates can also impact bottom-dwelling
organisms in habitats near the dredging site. For
example, Lohrer et al. (2004) have experimentally shown
that layers of sediment as thin as 3 mm can have a
detrimental effect on sand flat infauna. The significance
of these impacts depends on the nature of the
waterbody. They will be more significant in a waterbody
that is clear compared to, for example, a river that has a
naturally high suspended solids load.

A less obvious, but no less important environmental
effect of dredging is the release of contaminants from
sediment into the water column. Short-term releases of
contaminants from the sediment directly into the water
column from dredging operations may be 1 to 3 orders
of magnitude greater than pre-dredging releases for the
same period of time (Sanchez et al. 2002). As discussed
previously, sediment is a significant sink for many
contaminants in aquatic ecosystems. Most contaminants
partition onto particulate matter, such as clay minerals,
iron and manganese oxides/hydroxide coatings on clay
particles, and organic substances (Calmano et al. 1993).
A proportion of the contaminants will also dissolve in
porewater, or in water immediately overlying sediment
(the sediment-water interface). However, the proportion
of metals in sediment porewater is usually very low. For
example, Van den Berg et al. (2001) reported that less
than 0.1% of the amount of metal (cadmium, copper and
zinc) in sediment from a study site in the Netherlands
was in the dissolved phase. Iron and manganese
oxides/hydroxides along with organic matter are
important binding sites for metals in oxic sediment
(Saulnier and Mucci 2000, Li et al. 2000, Zoumis et al.
2001, Fan et al. 2002), while the formation of metal
sulphides dominates in anoxic sediments (Di Toro et al.
1990, Zhuang et al. 1994, Caetano et al. 2002). When
partitioned to iron and manganese oxides/hydroxides
and sulphides, metals are essentially immobilised
because of the very low solubility of the metal-
oxide/hydroxide and metal-sulphide complexes, and
unless the sediment is ingested by an organism are
usually not bioavailable and hence unable to exert
toxicity.
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During dredging, the physical disturbance of the
sediment leads to changes in its chemistry. For example,
the influx of dissolved oxygen into anoxic sediment leads
to an increase in redox potential and a decrease in pH
(mainly due to the oxidation of sulphide; Férstner 1989;
Reible et al. 2002). These changes in chemistry lead to
changes in particle-contaminant complexes which may in
turn lead to the remobilisation and transfer of metals to
the water column, principally from sulphide-bound
complexes (iron sulphide/manganese sulphide; Calmano
et al. 1993). The resuspension of anoxic sediment results
in variable desorption rates of metals adsorbed to
sulphides (Caille et al. 2003). Metals that co-precipitated
with or adsorbed onto iron sulphide and manganese
sulphide are rapidly oxidised following sediment
resuspension, due to their relative solubility in oxic
conditions (Allen et al. 1993, Simpson et al. 1998,
Caetano et al. 2002). More stable, sulphide-bound
metals are less susceptible to oxidation in the short-term
due to their slower oxidation kinetics (Caetano et al.
2002). Due to differences in the partiality of metals for
different sediment phases, alterations in the chemistry
of sediment through physical disturbance may lead to
variable releases of different metals. Once released,
chemicals can remain in the dissolved (or free) form,
which is the most bioavailable and hence most toxic
form. However, iron and manganese are rapidly re-
precipitated and deposited as insoluble
oxides/hydroxides, to which newly released metals can
become adsorbed at varying rates and extents (Di Toro
et al. 1990, Saulnier and Mucci 2000, Caetano et al.
2002). Thus, dissolved concentrations of metals often
peak in the immediate vicinity of a dredging area and
decrease sharply away from the area as the metals are
re-precipitated or otherwise scavenged from the water
column (Goosens and Zwolsman 1996, Saulnier and
Mucci 2000). Pieters et al. (2002) reported low
contaminant mobilisation during dredging, although
metal mobility changed during each dredging technique
and was different for every contaminant examined. Van
den Berg et al. (2001) and De Groote et al. (1998) also
observed low mobilisation of metal contaminants into
the dissolved phase during dredging, which they
considered to be due to the rapid scavenging of sulphide
liberated metals by newly formed iron and manganese
oxides/hydroxides.

There are numerous adverse environmental impacts
associated with unconfined, openwater disposal of
dredged material. The type, extent, magnitude and
duration of these impacts depends on the nature of the
material that is disposed (e.g. volume, grain size
composition, concentrations of contaminants) as well as

the characteristics of the disposal site (e.g. whether it is
dispersive or non-dispersive, grain size composition;
Bolam et al. 2006). During the disposal process, there is
typically an increase in suspended solids concentrations
and turbidity in the water column. However, only a small
percentage of the material remains in suspension, the
majority going directly to the bottom (Peddicord 1987).
Whether the increase in suspended solids and turbidity
adversely impacts on water column organisms depends
on the nature of the material being disposed (e.g. sand
or mud) and the dilution factor at the disposal site.
During suspension and settling of the sediment, changes
in physical and chemical conditions may lead to the
desorption of particulate-bound contaminants into the
water column, for generally similar reasons as during the
dredging process. However, available data suggest that
little of the contaminants adsorbed onto sediment are
released into the water column during disposal, and
peaks in concentrations of contaminants at disposal sites
last only a few minutes. Based on the studies of Lee et al.
(1977), the turbidity resulting from the hopper disposal
of hydraulically dredged sediment is indistinguishable
from ambient levels within an hour or two. Based on 35
years of experience with disposal of dredged sediment at
sea in New England (USA), Fredette and French (2004)
concluded that impacts of organisms via the water
column are generally minimal.

At predominantly non-dispersive sites, most of the
material will remain on the bottom following placement
and may form mounds. At predominantly dispersive
sites, in contrast, the material may be dispersed during
placement or eroded from the bottom over time and
transported off the disposal site by currents and/or wave
action. Benthic communities at the disposal site will
inevitably be smothered, buried and crushed by the
disposed material (Whomersley 2005), irrespective of
whether they are of a dispersive or non-dispersive type.
If large volumes of sediment are disposed, benthic
organisms might not be able to migrate through the
material. However, many benthic organisms have
capabilities to vertically migrate through substantial
overburdens (Maurer et al. 1978, 1986, Essink 1999). If
the disposed material has a very different grain size
composition to sediment on the disposal site, then this
may lead to a shift in the structure and composition of
the benthic community due to differences in the grain
size preference of benthic organisms (Stronkhorst and
van Hattum 2003, Vivan et al. 2009). Maurer et al. (1978,
1986) have shown that overburdens of materials
dissimilar to ambient sediments (e.g. mud on sand) have
greater impact than deposition of like materials. Lohrer
et al. (2004) have experimentally shown that layers of
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terrestrial sediments as thin as 3 mm can have
detrimental effects on sand flat infauna. These effects
are not transient, but may persist for prolonged periods
of time (Cummings and Thrush 2004). Clearly, these
impacts will also impact on higher trophic levels, such as
fish, through the removal or alteration in food resources.
Although the
dredged material disposal sites after disposal is often
relatively quick (e.g. Newell et al. 1998, Roberts and
Forrest 1999, Smith and Rule 2001, Cruz-Motta and
Collins 2004), in some cases recovery may take many
years (e.g. Newell et al. 1998, Boyd et al. 2003, Sheridan
2004). If dredged sediment has an elevated contaminant
load, then the contaminants are obviously transferred to

recovery of benthic communities at

the disposal site should unconfined, openwater disposal
of the material be permitted (e.g. Stronkhorst and van
Hattum 2003). Maintenance dredged sediment is usually
anoxic, and similar to the dredging process, changes in
the physicochemical properties of the sediment at the
disposal site can result in the release of contaminants
(e.g. Francingues et al. 1985). This release may occur
over a protracted period as currents erode sediment
from the disposal site, exposing contaminant laden
deeper layers of the sediment. These contaminants can
exert a direct adverse impact on organisms at the
disposal site through toxicity, or a secondary toxic effect
through bioaccumulation. Erosion of sediment from the
disposal site may also lead to a change in the grain size
composition of the surroundings, leading to changes in
benthic community structure and composition.

As is the situation at the dredging site, benthic and
epibenthic communities at dredged material disposal
sites will recover after a disposal event. The nature and
period until recovery is, however, also site-specific and
may take from a few months to many years (e.g.
Stronkhorst and van Hattum 2003, Bolam et al. 2006).
There are thus a variety of potential effects of the
disposal of dredged material in the sea but the effects on
the seabed are usually of most significance (Fredette and
French 2004, Bolam et al. 2006).

8. Sediment quality guidelines

Sediment quality guidelines comprise a key, and in some
cases the sole component of Action Lists that are used
by regulatory (permitting) authorities in many countries
to reach a decision on whether sediment identified for
dredging is of a suitable quality for unconfined,
openwater disposal. Indeed, the existing South African
National Action List places particularly strong emphasis
on the use of sediment quality guidelines for decision-
making, to the extent that decisions to date have been
made largely on the basis of comparing contaminant

concentrations in sediment identified for dredging to the
sediment quality guidelines of the existing National
Action List. Before discussing options for the revision of
the sediment quality guideline component of the
National Action List it is necessary to develop an
understanding of sediment quality guidelines, the
rationale for their development, approaches for their
derivation, and their limitations and appropriate use.

8.1  What are sediment quality guidelines?

The term ‘sediment quality guidelines’ is generally used
to describe numeric chemical concentrations, or in some
cases narrative statements, that are intended to be
protective of biological resources, predictive of adverse
effects to those resources, or both (CCME 2002,
Wenning et al. 2002). However, the terminology for
these numeric concentrations varies widely and includes
sediment quality criteria, sediment action
sediment quality standards, sediment quality targets,
sediment quality values, sediment quality benchmarks,
sediment quality objectives, and sediment trigger values.
Although the term sediment quality guideline is used
forthwith in this report, Chapman and Wang (1999) have
warned against the loose usage of terminology in this
context. In particular, they and other workers (e.g.
Burton 2002) warn against use of the terms criteria and
standards, since these tend to have regulatory
implications or connotations. This regulatory implication
is counter to the generally accepted usage of sediment
quality guidelines, which is as informal screening tools
that are best utilised in a weight of evidence approach
rather than a deterministic approach. The author is,
however, in agreement with USACE (1998) that the term
guideline is sufficiently broad and general in its meaning
to include all approaches used to derive sediment quality
guidelines, and has no regulatory connotation as a
‘pass/fail’ criterion or standard. Indeed, the term
guideline inherently implies that it is a guide rather than
a standard for decision-making.

levels,

Irrespective of the terminology used and the many
approaches that have been followed for the derivation
and formulation of sediment quality guidelines, they
tend to have a similar objective, namely to identify
chemical concentrations that correspond to the
occurrence and/or absence of adverse biological effects
(USEPA 2000). The underlying supposition in the
derivation of effects-based sediment quality guidelines is
that the guidelines can be used as a substitute for direct
measures of potential adverse effects of contaminants in
sediments on sediment-dwelling organisms (Wenning et
al. 2002). Certain sediment quality guidelines represent
chronic toxicity thresholds, below which adverse effects
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to sediment-dwelling organisms are unlikely to occur.
Other types of sediment quality guidelines are intended
to identify the concentrations of sediment-associated
contaminants above which adverse effects are likely to
be frequently observed. Still other sediment quality
guidelines, although considerably less well developed,
are intended to identify concentrations of sediment-
associated contaminants that are associated with
unacceptable levels of bioaccumulation by wildlife.

8.2. Why develop sediment quality
guidelines, and how should they be
used for decision-making?

It is widely recognised that the while the concentrations
of chemicals measured in sediment can be used to
provide an indication of whether the sediment is
contaminated, chemical concentrations by themselves
cannot be used to determine whether pollution has
occurred, that is, whether the contamination has caused
an adverse biological effect. All pollutants are
contaminants, but not all contaminants are pollutants
because substances introduced into the environment
may be more or less bioavailable to organisms
depending on their chemical form, modifying factors in
the environment, the environmental compartment they
occupy, and the reactions (behavioural and
physiological) of exposed organisms (Chapman et al.
2003).

In order to fully understand whether elevated chemical
concentrations are causing adverse biological effects,
biological assessment is required (Chapman et al. 1999).
This may include, for example, toxicity testing and
assessment of benthic invertebrate community
composition. These studies are, however, often lengthy,
complex and expensive, and are not always definitive.
The derivation of sediment quality guidelines arose, in
part, from a desire by managers and decision-makers to
have a simple, consistent tool for discriminating
between contaminated sediments that are of little
concern and those predicted to have adverse biological
effects, based only on the measurement of chemical
concentrations in the sediment. Not only would this
ensure that decisions on sediment quality and future
actions required are made in a consistent, transparent
and equitable manner, but would eliminate the need for
an expensive suite of biological analyses to determine
whether a particular site is or is not of concern. In
essence, sediment quality guidelines were conceived as
a shortcut to decision-making.

Sediment quality guidelines are advantageous in that
they are easy to use by both specialists and non-

specialists, simplify decision-making, and provide a
consistent benchmark for assessing sediment quality.
Amongst other uses, sediment quality guidelines are
now widely used as a tool to interpret sediment
chemistry, to identify chemicals of concern, to rank and
prioritise aquatic systems for further attention, and to
assess the suitability of dredged material for unconfined,
openwater disposal (Long and MacDonald 1998,
Macdonald 1994, Wenning et al. 2002). Many workers
consider sediment quality guidelines to be a useful tool
for assessing sediment quality when used in combination
with other assessment tools in a weight of evidence
approach (MacDonald et al. 1992, Ingersoll et al. 1996,
1997, USEPA 1997, Llong and Macdonald 1998,
MacDonald et al. 2000).

However, many scientists have cautioned against and
indeed criticised the use of sediment quality guidelines
for assessing sediment quality, particularly as a
standalone tool (e.g. O’Connor 2004, Jones-Lee and Lee
2005, Wetherington et al. 2005). They contend that
sediment quality guidelines do not provide a sufficient
basis for determining the potential for adverse biological
effects. The reason is that despite the
underpinning the derivation of sediment quality
guidelines being sound, no sediment quality guidelines
have been shown to consistently and reliably predict
toxicity (Wenning et al. 2002). Elevated contaminant
concentrations do not always cause adverse biological
effects, although adverse biological effects are usually
associated with elevated contaminant concentrations.
The reason that adverse effects are not always observed
is that numerous physical and chemical characteristics of
sediment control the bioavailability of chemicals, and
hence their toxicity. Furthermore, aquatic organisms
have evolved strategies to both conserve and regulate
essential metals in sediments

science

in certain elevated
concentration ranges without adverse biological effects
(Chapman et al. 1999). Sediment quality guidelines are
also not applicable to mixtures of chemicals, or to
chemicals that bioaccumulate (Chapman et al 1999).

Sediment quality guidelines primarily serve to identify
hazard that is, the potential or not for risk. To actually
determine whether that hazard may be realised, that is,
whether there is a risk and the magnitude of such a risk,
requires further assessment such as an ecological risk
assessment, incorporating appropriate consideration of
site- and situation-specific conditions (i.e. local chemical,
physical, and biological conditions). Sediment quality
guidelines are thus applicable in the first step of an
environmental risk assessment, namely the problem
formulation process (Chapman et al. 1999). Subsequent
steps involve the use of other tools (e.g. toxicity testing,

9
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benthic invertebrate community analyses, tissue burden
analyses) in a weight of evidence approach to fully
assess sediment quality. Ultimately, the ecological risk
assessment output defines the probability of risk
occurring or having occurred. Since sediment quality
guidelines may vary in their incorporation of chronic
toxicity information, they may lack the ability to predict
or protect against long-term effects, including
bioaccumulation (Chapman et al. 1999, Chapman 2007).
Similarly, the biological receptors-based
sediment quality guidelines cannot be used directly for
human health risk assessment.

current

If sediment quality guidelines are to be useful as decision
tools, they should meet a number of criteria: 1) They
should be sufficiently protective to minimise the
probability of false negatives (type Il error, i.e. they
should not allow toxic sediments to pass), 2) they should
be designed to minimise the probability of false positives
(type | error, i.e. they should not fail too many nontoxic
sediments), and 3) they should be meaningful for the
sediments and toxicants to which they will be applied.
Because of the broad range of potential toxicities of
single contaminants and mixtures of contaminants in
various sediment matrices and to different organisms,
no single sediment quality guidelines can meet both
criteria 1 and 2. For this reason, most international
decision-making frameworks adopt a tiered approach
based on multiple lines of evidence. Sediment quality
guidelines are most appropriately used in the lowest or
second lowest tier, in order to determine whether there
is a need to enter further tiers. In some programmes,
these lines of evidence are collected together; in other
programs, failure of one test (tier) leads to subsequent
tests. Any management framework that relies on just
sediment quality guidelines to inform decisions must
choose between a preference for type | and type Il
errors. Too many false positives in a decision framework
can result in excessive costs (i.e. sediments requiring
control, remediation, or management not truly
necessary on a risk basis), although too many false
negatives may result in insufficient protection of human
health and the environment.

8.3 Sediment quality guidelines and
uncertainty

Although sediment quality guidelines are widely used
and in some cases viewed as a panacea for decision-
making, as mentioned above it is necessary to recognise
that sediment quality guidelines have limitations. The
advantages and disadvantages of different approaches
for deriving sediment quality guidelines and the
implications for their use are discussed in a subsequent

section of this report. It is, however, necessary at this
early stage to address the issue of uncertainty in the
context of sediment quality guidelines. This was briefly
alluded to above in the context of false positives and
false negatives.

In a perfect world, sediment quality guidelines would be
able to unequivocally discriminate between the
concentrations of chemicals in sediment that cause
adverse biological effects and those that do not. In other
words, all sediments with chemicals at concentrations
below a certain level would show no adverse effects,
while all those with chemicals at concentrations above
this level would show adverse effects. Furthermore, the
magnitude of the adverse effects would increase as
chemical concentrations increased until a threshold was
reached, above which all organisms would be die
through toxic effects (Figure 1a). Although this is borne
out in some cases (e.g. MacDonald et al. 2000), the
occurrence of adverse biological effects often does not
show a clearly delineated relationship because there are
a multitude of poorly understood process that influence
the bioavailability and hence toxicity of chemicals in
sediment (USACE 1998, O’Connor 2004, Batley et al.
2005, Wenning et al. 2002). Instead, the distribution of
biological effects generally shows a relationship
characterised by ranges of chemical concentrations
where biological effects are rare, where cases of both
effects and no effects are found (transition zone), and
where biological effects essentially always occur (Figure
1b). Consequently, none of the sediment quality
guidelines consistently and reliably predicts toxicity.
Factors that cause overlap between effect and no-effect
data are many, but include contributions of other
chemicals to effects, unaccounted for differences in
chemical availability, differences in response among
organisms, and errors in measurement of either
chemical or response (Wenning et al. 2002).

This generalised concentration-response model, with the
probability of effects increasing with increasing chemical
concentration can be used as a framework to consider
different sediment quality guideline approaches (Figure
1c, Batley et al. 2005). The probability of effects is low
until it reaches a threshold effect guideline. At the high
end of the distribution is the probable effect guideline,
above which effects almost always occur. Between
threshold effect and probable effect lies a transition
zone where adverse biological effects may or may not
occur, but within which the probability of adverse effects
increases as the concentration of the chemical in
sediment increases. Sediment quality guidelines can be
thought of as vertical lines across this concentration-
response curve. Different sediment quality guideline
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Figure 1. Examples of distributions of biological response data
over a range of sediment contaminant concentrations. (a) Ideal
case where there is no overlap between concentration ranges
that do and do not show biological effects. (b) Typical actual
distribution with overlap between these concentration ranges.

(c) A generalised concentration-response model for
contaminated sediments (from Batley et al. 2005).
derivation procedures are intended to represent

threshold effect, probable effect, or mid-range effect
guidelines. A threshold effect guideline is a contaminant
concentration below which adverse biological effects are
predicted to occur infrequently, whereas a probable
effect guideline is intended to identify the contaminant
concentration above which effects are predicted to
frequently or always occur depending on the guidelines
degree of conservativeness. Intermediate to these would
be mid-range guidelines, which identify contaminant
concentrations within the transition zone and wherein

the probability of effects is substantively above
background, but above which effects are not always
observed.

In this context, chemically based numeric sediment
identifying
concentration ranges where adverse biological effects

quality guidelines can be effective for

are unlikely, uncertain, and highly likely to occur. By
definition, the existence of the transition zone in Figure
1c means that no guideline can unequivocally separate
all sediments showing effects from those that do not.
Nonetheless, sediment quality guidelines are often
employed such that they are expected to separate ‘toxic’
and ‘nontoxic’ samples. In such applications, the
interpretation of exceeding a guideline varies according
to where the guideline lies along the concentration-
response continuum. If one uses a threshold effect type
sediment quality guideline to define ‘toxic’ (or
unacceptable), then errors will tend to be characterized
as false positives; that is, some sediments will be
classified as toxic when in fact they are not. On the other
hand, selecting a probable effect type guideline will
result in predominately false negative errors, in which
some sediments will be classified as nontoxic when in
fact they are toxic. As one moves from a threshold effect
guideline toward a probable effect guideline, the
chances of false positives decrease and chances of false
negatives increase. In some situations, it may be
desirable to have a guideline that will identify almost all
potentially toxic samples, even if many of those samples
are not actually toxic (threshold effect guideline). In
other instances, it may be desirable to have a guideline
that predominately identifies sediments that have a high
probability of being toxic, even if means that some
sediments that may be toxic will be missed.

9. Approaches for deriving sediment
quality guidelines

The approaches that have been used to derive sediment
quality guidelines fall into two broad categories, namely
theoretical (including mechanistic) and empirical
(sometimes called correlative) approaches (Wenning et
al. 2005). Mechanistic guidelines are derived from a
theoretical understanding of the factors that govern the
bioavailability of contaminants in sediment, and known
relationships between chemical exposure or uptake and
toxicity. Thus, mechanistic approaches provide at least a
theoretical basis for assuming some cause and effect
relationship between a contaminant of interest and a
biological response. Equilibrium partitioning theory
provides the basis for all existing mechanistic guidelines.
Mechanistic guidelines account for bioavailability
through normalisation to sediment characteristics that
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affect bioavailability, primarily organic carbon for non-
ionic organic chemicals, and simultaneously extracted
metal-acid volatile sulphide, organic carbon, or other
sediment fractions for metals (Wenning and Ingersoll
2005).

While mechanistic approaches are useful for describing
potential contaminant availability and identifying the
cause of toxicity, this approach cannot be used to derive
sediment quality guidelines for many contaminants of
interest. The more widely used type of sediment quality
guidelines are those that are empirically derived. These
guidelines are derived through the statistical analysis of
large data bases of matching sediment chemistry and
observed biological effects data (e.g. data from sediment
toxicity tests and benthic invertebrate community
composition). The data are arrayed on a continuum of
increasing chemical concentration, and various statistical
approaches are then wused to define chemical
concentrations that are associated with particular levels
of effect or no effect (Wenning and Ingersoll 2002).

In addition to mechanistically-based and empirically-
derived sediment quality guidelines, a third group of
‘consensus-based’ guidelines can also be considered.
These guidelines are an evolution of empirically-derived
guidelines, as they are formulated by taking the
geometric mean of published sediment quality
guidelines with a similar narrative intent. This reconciles
sediment quality guidelines that have been derived using
various approaches (MacDonald et al. 2000).

9.1 Theoretical approaches
9.1.1 Sediment Background approach

Background or baseline concentrations of chemicals in
sediment are most commonly used for identifying
whether sediment from an area of interest is
contaminated. However, sediment quality guidelines in
several jurisdictions/countries have been formulated
using background or baseline concentrations. The
sediment quality guidelines
proportional exceedance of the background or baseline
concentration that is deemed acceptable (e.g. 200%
exceedance). An implicit assumption of this approach is
that chemicals present in sediment at or above the
background or baseline concentration will have an
adverse effect on sediment-associated organisms, that
is, the entire ‘excess’ concentration is in a bioavailable

are formulated as a

form.

Although the Sediment Background approach has most
often been used to derive sediment quality guidelines
for metals, the approach is suitable for deriving

guidelines for other chemicals. Both naturally occurring
and synthetic organic compounds are present in marine
sediment as a result of marine biological processes and
geochemical transport from diverse
anthropogenic activities. Although the concentrations of
organic chemicals that only have an anthropogenic origin
should, in theory, be zero, the reality is that there is
probably no place on earth that has not been
contaminated. For

sources or

example, numerous organic
contaminants that only have an anthropogenic origin
(e.g. polychlorinated biphenyls and organochlorine
pesticides) have been detected in sediment and
biological tissue from the Polar Regions, far from
anthropogenic sources of these contaminants.
Atmospheric transport is considered to an important
vector for the transport of these contaminants to Polar
Regions. Some organic chemicals that are important
contaminants of surface waters due to anthropogenic
releases also have natural sources. Polycyclic aromatic
hydrocarbons are the best example. Polycyclic aromatic
hydrocarbons are significant contaminants of sediment
from urbanised and industrialised areas, where they are
released from numerous sources. The incomplete
combustion of fossil fuels in vehicles is amongst the
most important sources, but they are also formed during
forest fires for example. For these chemicals, their
concentrations can be measured in areas where
anthropogenic impacts are assumed to be minimal and
some proportion of their distribution (e.g. 75"
percentile) used to define the baseline concentration.
Alternately, concentrations measured in pre-industrial
sediment extracted from core samples can be used to

define background concentrations.

Background/baseline concentrations have been used in
one or another way to derive sediment quality guidelines
for metals and in some cases also organic chemicals for
the regulation of dredged sediment disposal in
numerous countries, including Denmark, Finland,
Germany, Spain and Sweden (see later for further
information). In many jurisdictions/countries, the
definition of background or baseline concentrations is
strongly encouraged and comprises an important
component of risk assessment frameworks, since it has
been shown that sediment quality guidelines are often
lower than background or baseline concentrations (e.g.
Fletcher et al. 2008). The
concentrations thus comprise an important for screening
sediment.

background/baseline

Advantages:

The major advantages of the Sediment Background
approach are its simplicity and that while the data
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requirements and costs of this approach may be
significant, these are nevertheless well below the
requirements of empirical approaches for deriving
sediment quality guidelines. Background and baseline
concentrations tend to be site specific and may need to
be developed for each region of interest. However, once
background or baseline concentrations have been
defined these do not need to be redefined, but can
simply be built upon as and when new data becomes
available for the area of interest. This is different to
empirical approaches, increasingly
defensible as the database increases in size. The concept
of background or baseline concentrations is easily
understood and can be used by both specialists and non-
specialists for assessment purposes. The approach also
does not require quantitative toxicological data and thus
avoids the need to seek explanations for contaminant
behaviour or biological effects (Persaud et al. 1993,
MacDonald 1994, Fletcher et al. 2008).

which become

Limitations:

Since the Sediment Background approach is based
exclusively on the concentrations of chemicals in
sediment, sediment quality guidelines that are derived
from these concentrations have no biological basis. Thus,
guidelines based on a proportional exceedance of the
background or baseline concentration are defined
subjectively (i.e. what is considered acceptable or
unacceptable) and are indefensible from a toxicological
perspective. The implicit assumption that concentrations
of chemicals that are in ‘excess’ of the
background/baseline concentration are able to exert
adverse effects assumes that the ‘excess’ concentrations
are in a bioavailable form. This is often not true,
however, since bioavailability is modified by numerous,
poorly understood physical and chemical characteristics
of sediment (Persaud et al. 1993).

Sediment characteristics, such as grain size and organic
content, have been shown to be major factors that
influence the composition and structure of benthic
communities, but these are not taken into account by
this approach. Rather, the assumption is that the
chemicals alone are responsible for observed effects (i.e.
differences; Persaud et al. 1993). Background/baseline
concentrations tend to be highly site specific and should
only be applied to the area for which they were
developed.

9.1.2

The Equilibrium Partitioning approach has been used to
formulate sediment quality guidelines for non-polar,
hydrophobic organic chemicals, including organochlorine

Equilibrium Partitioning approach

pesticides and polycyclic aromatic hydrocarbons (Di Toro
et al. 1990). The approach is based on the premise that
the toxicity of sediment-associated non-polar organic
chemicals (and divalent metals, see below) is dictated by
the amount of the chemical that is un-complexed, or
freely available, in interstitial (pore) water. When a non-
polar organic contaminant enters sediment
partition between the sediment and porewater in three
compartments: a fraction will adsorb to the organic
carbon in the sediment, another fraction will adsorb to
dissolved organic carbon in the interstitial porewater,
and a third fraction will dissolve in the porewater. An
equilibrium will be established so that any change in the
chemical concentration in one compartment will result
in a corresponding change in concentration in the other
compartments. Equilibrium partitioning methodology
contends that sediment toxicity is attributable to the
concentration of a chemical that is dissolved in the
porewater and which is hence bioavailable (USEPA
1992). The assumption is, therefore, that porewater is
the primary route of organism exposure. It can be
inferred, then, that a water quality guideline developed
to protect aquatic life from contaminants dissolved in
the water column should also protect sediment-
associated organisms from contaminant concentrations
dissolved in porewater. For interpretive purposes then,
the concentration of the contaminant that is predicted in
the porewater, as calculated from bulk sediment
chemistry measures, is compared to water quality
guidelines.

it will

The USEPA (2003, 2005), the New York State
Department of Environmental Conservation (NYSDEC
1999) and the Netherlands (Crommentuijn et al. 2000
a,b) have developed sediment quality guidelines using
the Equilibrium Partitioning approach.

Advantages:

The Equilibrium Partitioning approach does not require
the collection of biological data, since it is based solely
on sediment chemistry (USEPA 1992). The approach
begins to address cause and effect, because the
guidelines are based not on correlation but on strong
theoretical foundations (Chapman and Mann 1999). The
approach also relies on an existing toxicological
rationale, which has been established during the
development of the water quality criterion being used
(Persaud et al. 1993).

Limitations:

The Equilibrium Partitioning approach assumes that the
only route of exposure of sediment-dwelling organisms
to contaminants is via porewater, ignoring important
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sources of exposure through sediment ingestion and
food. It has not yet been proven that the porewater is
the only significant route of exposure (Persaud et al.
1993, Fletcher et al 2008). In fact,
contaminants are so hydrophobic that it is improbable
that exposure through porewater is significant
(O’Connor and Paul 2000). Equilibrium conditions, on
which both the Equilibrium Partitioning approach
depends, rarely occur in many environments. Port,
estuary and nearshore marine systems are typically
dynamic, with continuous sediment bioturbation and
deposition/resuspension due to tides, wind and
navigation traffic amongst other sources of disturbance.
Therefore, an essential condition for the validity of the
Equilibrium Partitioning approach does not exist,
because equilibrium conditions do not occur (USACE
1998, O’Connor and Paul 2000). While the Equilibrium
Partitioning approach is useful for describing potential
contaminant availability and identifying the cause of
toxicity, guidelines cannot be defined for many
contaminants that are typically of interest in sediment
quality assessment programmes (Vidal and Bay 2005).

several ionic

9.1.3 Acid Volatile Sulphide approach

The Acid Volatile Sulphide approach is also based on
equilibrium partitioning theory, but differs from the
Equilibrium Partitioning approach in that it addresses the
partitioning of ionic (divalent) metals between sulphides
and water rather than partitioning of non-ionic organics
between organic carbon and water. The Acid Volatile
Sulphide approach assumes that divalent trace metals
(cadmium, copper, lead, nickel and zinc) react with
sulphide in sediment, specifically the sulphide fraction
that is soluble in cold acid, known as acid volatile
sulphide. Acid Volatile Sulphide is a reactive pool of
solid-phase sulphide (predominantly iron sulphides) that
is available to bind metals and render that portion
relatively non-available and hence non-toxic to
organisms (Di Toro et al. 1990, 1992, Ankley et al. 1996).
The amount of Acid Volatile Sulphide present in
sediment is thus a critical factor influencing the
bioavailability of divalent metals. In the laboratory,
metals that are extracted at the same time as sulphide
are referred to as Simultaneously Extracted Metals. If
the molar fraction of Acid Volatile Sulphide is present in
sediment in excess of the reactive forms of the metals
(i.e. Acid Volatile Sulphide > Simultaneously Extracted
Metals), then the concentration of free (bioavailable)
metals in porewater is expected to be low and unable to
cause toxicity. In contrast, if Simultaneously Extracted
Metals > Acid Volatile Sulphide, the excess fraction of
the metals may potentially exist as free metal and could
cause toxicity.

The USEPA (2003, 2005), the New York State
Department of Environmental Conservation (NYSDEC
1999) and the Netherlands (Crommentuijn et al. 2000
a,b) have developed sediment quality guidelines using
the Acid Volatile Sulphide approach.

Advantages:

As with the Equilibrium Partitioning approach, the Acid
Volatile Sulphide approach does not require the
collection of biological data since it is based solely on
sediment chemistry, and begins to address cause and
effect because the guidelines are based not on
correlation but on strong theoretical foundations
(Chapman and Mann 1999). The approach works
comparatively as well as other approaches based on bulk
sediment chemistry for correctly predicting trace metal
contaminated sediment as toxic or nontoxic (Long et al.
1998).

Limitations:

Many of the same limitations that apply to the
Equilibrium Partitioning approach also apply to the Acid
Volatile Sulphide approach, since they are both based on
equilibrium partitioning theory. Thus, the Acid Volatile
Sulphide approach also assumes that the only route of
exposure of organisms to contaminants is in porewater,
ignoring important of exposure through
sediment ingestion and food (Persaud et al. 1993). As
stated above, equilibrium conditions upon which
equilibrium partitioning approaches depend rarely occur

sources

in many environments. Only five metals (Cd, Cu, Pb, Ni,
and Zn) can be evaluated using the Acid Volatile Sulphide
approach (Jones et al. 1997). Acid volatile sulphide
cannot exist in the presence of oxygen, and aquatic
macrofaunal organisms can exist only in the presence of
oxygen. Even though microscale changes in sediment
oxidation are common in fine-grained sediment (thin-
surface layers, lining of burrows, etc.), animals live only
in the presence of oxygen and, therefore, in the absence
of acid volatile sulphide. Lastly, acid volatile sulphide is
not the only metal binding phase in sediments.

9.2 Empirical approaches

9.2.1 Apparent Effects Threshold approach

The Apparent Effects Threshold approach attempts to
define the concentrations of contaminants in sediment
above which statistically significant adverse effects for a
specific endpoint (e.g. mortality) are always expected
(Barrick et al. 1988). This approach was originally derived
to help assess significantly contaminated sediments in
largely urban settings (Chapman and Mann 1999). The
adverse biological effects that have been considered in
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this approach include toxicity to benthic and/or water
column species (as measured using toxicity tests) and
changes in benthic infaunal community structure. In
Puget Sound, four marine Apparent Effects Threshold
values have been generated, based on whole sediment
toxicity tests using the amphipod Rhepoxynius abronius,
toxicity tests on sediment elutriates using oyster larvae
and Microtox® solid phase test, and biological effects in
the field as measured through by the abundance of
major taxa of benthic infauna (Batley et al. 2005).
Inherent in this approach is the assumption that adverse
biological effects above the level of contamination
specified by the Apparent Effects Threshold are
specifically related to the contaminant of interest, while
below this level any effects observed could be due to
other contaminants (Persaud et al. 1993, USACE 1998).

The state of Washington in the USA has used the
Apparent Effects Threshold approach to establish
sediment quality standards and minimum clean-up levels
for contaminants of concern (WSDEC 1995). Ingersoll et
al. (1996) utilised a similar approach to develop
freshwater Apparent Effects Thresholds using the results
of toxicity tests and chemical analyses conducted on
sediments from various freshwater locations in the USA.

Advantages:

Because observed biological effects always occur above
the Apparent Effects Threshold, this approach provides
values based on non-contradictory evidence of biological
impacts. The approach requires no assumptions
regarding contaminant bioavailability (Persaud et al.
1993). Therefore, the effects on organisms can be due to
exposure to contaminants through adsorption from
sediments, interstitial water and ingested matter
(Chapman 1989, Fletcher et al. 2008). The approach is
considered sensitive and efficient, although the amount
of data available has a marked effect on Apparent Effects
Threshold uncertainty (Chapman 1989, USEPA 1992).

Limitations:

While inherently assuming a effect
relationship between a chemical concentration and a
biological effect, the Apparent Effects Threshold
approach cannot clearly demonstrate a cause and effect
relationship for any single contaminant. This is because
the biological effect is attributed to all chemicals
measured in the sediment sample. Thus, there is no
evidence that a contaminant that exceeds its sediment
quality guideline will be associated with an effect in any
sediment except the one that was used to derive the
sediment quality guideline. The approach is thus site
specific and should be used with caution in areas outside

cause and

that for which they were developed (MacDonald 1994).
Furthermore, the approach assumes that the entire
concentration of each chemical measured in the
sediment sample is bioavailable. This is usually not the
situation, especially for metals. A chemical may have
been present in a non-bioavailable form in the sediment
and had nothing to do with the biological effect, yet the
effect was still attributed to the chemical. Thus, while
definite ecotoxicological effects can be established,
these cannot be attributed to any single contaminant
(O’Connor et al. 1998, Crane et al. 2000, Jones-Lee and
Lee 2005, Fletcher et al. 2008). Because the Apparent
Effects Threshold is the sediment chemical concentration
above which statistically significant biological effects
always occur, they may be under-protective because
biological effects have been observed at chemical
concentrations below Apparent Effect Threshold values,
but not ‘always’ (Persaud et al. 1993, Chapman 1999). If
the data used consist of mixed species and endpoints,
the least sensitive of these species and endpoints will
always predominate and the guidelines may not be
protective of other, more sensitive species (Persaud et
al. 1993).

9.2.2 Screening Level Concentration approach

The Screening Level Concentration approach attempts to
estimate the highest concentration of a contaminant
that can be tolerated by a predefined proportion of
benthic infaunal species (Neff et al. 1986). The Screening
Level Concentration is determined from a database of
the concentrations of contaminants in sediment and the
co-occurrence of benthic organisms. For each organism
for which adequate data are available, a species
Screening Level Concentration is calculated by plotting
the frequency distribution of the contaminant
concentrations over all of the sites at which the species
occurs. The 90™ percentile of this distribution is taken as
the Screening Level Concentration for the species
investigated. The Screening Level Concentrations for all
species are then compiled as a frequency distribution to
determine the concentration that can be tolerated by a
pre-defined  proportion of the species. This
concentration is then the Screening Level Concentration
for the pre-defined proportion of species (Neff et al.
1986, Persaud et al. 1993). Originally, Neff et al. (1986)
defined Screening Level Concentrations that were
protective of 95% of species, but other workers have
defined Screening Level Concentrations that are
protective of fewer species (e.g. EC and MENVIQ 1992).

The Screening Level Concentration approach has been
used to derive sediment quality guidelines for
application in the Great Lakes (USA/Canada; Neff et al.

15



Revision of National Action List for the Screening of Dredged Material

1986) and for the St. Lawrence River in Canada (EC and
MENVIQ 1992, Fletcher and Welsh 2008). The approach
for deriving sediment quality guidelines in Canada has
changed (see CCME 2002) and guidelines derived using
the Screening Level Concentration approach are no
longer used for sediment quality assessment purposes.

Advantages:

Since the Screening Level Concentration approach does
not make any assumptions about the absence of a
species and considers only those species present, the
approach does not require a priori assumptions
concerning cause and effect relationships between
sediment contaminant concentrations and the presence
or absence of benthic species. As no relationship is
assumed it is not necessary to take into account the
wide variety of environmental factors that affect benthic
communities, such as substrate type, temperature and
depth. However, valid inferences can be drawn from this
type of analysis regarding the range of sediment
contaminant concentrations that can be tolerated by the
infauna since field data on the co-occurrence of benthic
species  and
concentrations are used (Chapman 1989, Fletcher et al.
2008). Another advantage is that Screening Level
Concentrations can be ranked to determine protective
concentrations for any proportion of the species
(McCauley et al. 2000).

infaunal sediment contaminant

Limitations:

As with other co-occurrence guidelines, although cause
and effect is inherently assumed the Screening Level
Concentration approach cannot clearly demonstrate a
cause and effect relationship for any single contaminant
(O’Connor et al. 1998, Crane et al. 2000, Jones-Lee and
Lee 2005). As a result, the Screening Level Concentration
for a particular contaminant will tend to be conservative
(Chapman 1989, MacDonald 1994, Jones-Lee and Lee
2005). The approach assumes that the distribution of
benthic organisms is related primarily to the levels of the
contaminant measured in the sediments. The effects of
other factors, including unmeasured contaminants,
habitat composition (i.e. grain size), and interspecific
interactions are not explicitly considered, but these are
known to be important determinants of benthic
invertebrate community composition (MacDonald 1994,
Jones-Lee and Lee 2005). The approach is susceptible to
skewed data, that is to either lightly or heavily
contaminated areas. Therefore, care must be taken to
include data taken over the full range of conditions since
a database skewed to either lightly or heavily
contaminated areas will yield guidelines that are either
too conservative or do not provide adequate protection

(Persaud et al. 1993). Because it utilises benthic infaunal
data only, this approach does not provide a weight of
evidence for assessing sediment quality (MacDonald et
al. 2003).

9.2.3 Spiked Sediment Toxicity Test approach

In the Spiked Sediment Toxicity Test approach, dose-
response relationships are determined by exposing test
organisms under controlled laboratory conditions to
sediments that have been spiked with known amounts
of contaminants (either individually or in mixtures).
Thus, definitive cause and effect relationships between
chemical concentrations and biological responses are
established (e.g. mortality, reductions in growth;
Persaud et al. 1993, MacDonald 1994). Sediment quality
guidelines can then be determined using the sediment
bioassay data in a manner similar to that in which
aqueous bioassays are used to establish water quality
criteria, although the sediment approach is considerably
more complex since variables such as the grain size
composition and total organic content of the sediment
need to be considered. Where the concentration of
contaminant-absorbing phases present in the sediment
is high, as for example in sediment comprised
predominantly of mud, the equilibrium pore water
concentration of the contaminant spike will be lower
than in the absence of such phases. Thus, the guidelines
will be sediment-specific unless a normalising procedure
is used.

The Spiked Sediment Toxicity Test approach has been
adopted as an approach for deriving sediment quality
guidelines in Canada, although there is at present
insufficient data available at this time for its use. Data
from spiked sediment toxicity tests have also been
incorporated into Effects Range guidelines derived by
Long et al. (1995; see further below).

Advantages:

The major advantage is that a direct cause and effect
relationship is established (O’Connor et al. 1998) with a
high level of accuracy (USEPA 1992). The approach is
suitable for all classes of chemicals and most types of
sediments (MacDonald 1994).

Limitations:

Spiked-sediment bioassays have only been conducted on
a few species of aquatic organisms and with only a
limited number of substances (MacDonald 1994).
Therefore, existing databases support the derivation of
numerical sediment quality guidelines for only a few
contaminants. Toxicity tests performed under controlled
conditions in the laboratory may not be directly
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applicable to field situations where conditions may vary
considerably from those encountered in the laboratory.
In order to derive realistic guidelines from this approach,
different sediments with various chemical mixtures in
differing proportions and using different organisms, as
would exist in field situations is required. This requires
considerable effort and expense (USEPA 1992). Because
sediments vary widely in their geochemical makeup from
region to region, the application of spiked sediment
results may not be as transferable from location to
location as is true for spiked water results and this
variability needs to be considered when establishing
sediment quality guidelines using this approach.

9.2.4

The Effects Range approach was originally developed by
the National Oceanic and Atmospheric Association
(NOAA) for correlating sediment chemical
concentrations with biological responses as part of the
National Status and Trends Program in the USA (Long
and Morgan 1991). The sediment quality guidelines
derived by Long and Morgan (1991) were subsequently
updated by Long et al. (1995), by removing freshwater
data that were originally included and adding more
estuarine and marine data. These sediment quality
guidelines have become perhaps the best known and
most frequently applied in the world. Thus, workers
from within and beyond North America have used the
guidelines for assessing sediment quality (e.g. Torres et
al. 2009). The sediment quality guidelines have also been
adopted, with minor modifications to reflect local
conditions, by the Hong Kong administrative area of
China (ETWB 2002), and by Australia (Commonwealth of
Australia 2009) and New Zealand (Maritime Safety
Authority of New Zealand 1999).

Effects Range approach

The sediment quality guidelines were derived by Long
and Morgan (1991) from an extensive database of
chemical and co-occurring biological effects data for
both freshwater and saltwater habitats in North
America. All information in the database was weighted
equally, regardless of the method that was used to
develop it. Concentrations that were not associated with
an adverse (toxic) effect were assumed to represent
background conditions and thus excluded from further
consideration. Two guidelines were derived, namely the
Effects Range Low (lower 10" percentile of the ‘effects’
concentrations), below which adverse effects on
life stages and/or species
associated organisms occurred infrequently, and the
Effects Range Median (50th percentile of the ‘effects’
concentrations, that is, the median value), above which
adverse effects were frequently observed (Long and

sensitive of sediment-

Morgan 1991). As stated previously, Long et al. (1995)
refined the guidelines but did not change the basic
approach, only excluding data for freshwater systems
and data of marginal quality used in earlier and including
a considerable amount of higher quality estuarine and
marine data.

The Effects Range Low and Effects Range Median are
informal screening tools, and are best applied when
accompanied by measures of effects such as laboratory
toxicity tests, benthic community analyses and
bioaccumulation tests, which lead to the preparation of
a weight-of-evidence (Long et al. 1995, NOAA 1999). By
considering matching sediment chemistry and biological
effects data from studies conducted in the field, the
influence of mixtures of chemicals in sediments is
incorporated into the sediment quality guidelines. This
increases the degree of environmental realism and, thus,
applicability of the guidelines. Long et al. (1998) also
introduced Effects Range Median quotients, a calculation
that emphasises sediments that have many Effects
Range Median exceedances or a few extreme
exceedances. The approach dividing the
concentrations of each chemical by its Effects Range
Median, adding up all the ratios, and then dividing by the
number of ratios. If the resulting Effects Range Median
Quotient for a sediment sample is greater than one the
sediment is considered to have a greater chance of being
toxic than if there were simply just an Effects Range
Median exceedence (O’Connor and Paul 2000). The
major limitation of this approach is that it needs to be
optimised at a site specific level.

involves

The Effects Range approach has been used to derive
sediment quality guidelines for numerous chemicals in
sediment from freshwater and marine habitats in the
USA (Long et al. 1991, 1995, Ingersoll et al. 1996).
MacDonald (1997) used this approach to derive
Sediment Effect Concentrations for PCBs and DDT in the
Southern California Bight.

Advantages:

Data used to derive the sediment quality guidelines is
highly relevant to the guideline derivation process
it applies to a wide range of biological
organisms and endpoints, incorporating a large number
of direct measurements on organisms that are normally
associated with sediments. In addition, the data is
representative of a wide range of sediment conditions
and incorporates mixtures of chemicals. These attributes
are likely to give the sediment quality guidelines broad
applicability, increasing the probability that they will be
appropriate in different areas (Crane et al. 2000).

because
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Limitations:

As with other co-occurrence guidelines, although cause
and effect is inherently assumed between a chemical
concentration and a biological effect, the approach
cannot clearly demonstrate a cause and effect
relationship for any single contaminant (O’Connor et al.
1998, Crane et al. 2000, Jones-Lee and Lee 2005).
Although the approach incorporates chemical mixtures,
the approach is unable to separate biological effects that
may be due to a combination of contaminants (Chapman
1989, Jones-Lee and Lee 2005). The sediment quality
guidelines were neither calculated nor intended as
toxicological thresholds, but rather as informal screening
tools. Therefore, there is no certainty that they will
always correctly predict either non-toxicity or toxicity
(NOAA 1999).

9.2.5

The Effects Level approach is fundamentally similar to
the Effects Range approach. Here, however, both ‘effect’
and ‘no effect’ data are used to derive sediment quality
guidelines. For each chemical, a Threshold Effects Level
is derived as the geometric mean of the 15" percentile
of the effects data set and the 50" percentile of the no
effects data set. A Probable Effects Level is derived by
determining the geometric mean of the 50" percentile
of the effects data set and the 85" percentile of the no
effects data set. The Threshold Effects Level is an
estimate of the concentration of a chemical below which
adverse effects only rarely occur, and the Probable
Effects Level an estimate of the concentration above
which adverse effects frequently occur (MacDonald et al.
1996). Essentially, the Threshold Effects Level
corresponds to the Effects Range Low and the Probable
Effects Level to the Effects Range Median of the
sediment quality guidelines derived by Long et al. (1995).

Effects Level approach

The Effects Level approach has been used to derive
sediment quality guidelines for numerous chemicals in
sediment from freshwater and marine habitats in the
United States (MacDonald 1994, Ingersoll et al. 1996,
MacDonald et al. 2003) and Canada (Smith et al. 1996,
CCME 2002).

Advantages and Limitations:

Advantages (and limitations) for the Effects Range
approach also apply to the Effects Level approach
(MacDonald et al. 1996, Crane et al. 2000). The
geometric mean is used rather than the arithmetic mean
as in the Effects Range approach, in recognition that the
data are not normally distributed. Also the inclusion of
no-effects data ensures representative statistics
(MacDonald 1994, Crane et al. 2000).

9.2.6

The Logistic Regression Modelling approach is based on
statistical analysis of matching chemistry and biological
effects for a single endpoint (e.g. amphipod toxicity), and
was developed as an alternate approach to the threshold
approach for the derivation of sediment quality
guidelines (Field et al. 1999, Field et al. 2002). A large
database of marine/estuarine sediment samples with
matching chemistry and toxicity test results (two species
of marine/estuarine amphipods) was assembled. Data
for individual sediment samples were sorted by
ascending  concentrations for each  particular
contaminant. The data were screened to reduce the
influence of samples that did not contribute to the toxic
effects associated with the specific contaminant of
interest. A logistic regression model was then applied to
the screened data that described the relationship
between the concentration of a selected contaminant
and the probability of observed toxicity. The logistic
model can be simplified and described by the following
equation:

Logistic Regression Modelling approach

_ exp(By+By(x)
P = (Trexp(By+B1(x)

Where:

p = probability of observing a toxic effect based on a
single chemical,

By = intercept parameter,

B, = slope parameter, and

X = concentration or log concentration of the chemical.

Individual chemical regression models were combined
into a single mixture effects model based on the
maximum probability of effects, or P... (Field et al.
2002). The maximum probability obtained from the
individual chemical models is selected to represent the
chemical mixture present in a sample.

The Logistic Regression Modelling approach does not
yield specific sediment quality guideline values for each
chemical, but rather describes the relationship between
contaminant concentrations and the probability of
toxicity. The utility of this approach is that it can be used
to determine the concentration of a contaminant that
corresponds to any probability of observing toxicity. A
manager can thus identify an acceptable probability of
observing sediment toxicity at a site (e.g. 25%) and
determine the corresponding chemical concentrations.
The calculated value can then be used as the sediment
quality guideline for the site.
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The Logistic Regression Modelling approach has been
used in California as a line of evidence for evaluating the
quality of sediment in enclosed bays and estuaries. The
approach has been calibrated to this state, using locally
derived data.

Advantages:

The probability that a given sediment sample is toxic can
be taken directly from the logistic regression curve. The
probability of toxicity at pre-defined levels (e.g. 25%) can
also be determined. This is useful when developing
sediment quality objectives (i.e. the level of protection
desired in terms of adverse (toxic) effects; Field et al.
1999).

Limitations:

The approach is data intensive and has a high false-
positive rate (Wetherington et al. 2005).

9.2.7 Consensus-based approach

As the term implies, Consensus-based sediment quality
guidelines are intended to reflect the agreement among
various sediment quality guidelines with the same
narrative intent, by providing an estimate of their central
tendency. Consensus-based sediment quality guidelines
are, therefore, considered to provide a unifying synthesis
of the existing sediment quality guidelines and to
account for the effects of contaminant mixtures in
sediment (Swartz 1999, MacDonald et al. 2000).

The consensus stems from the idea that if different
approaches for deriving sediment quality guidelines
result in a quantitatively similar concentration, then the
validity of the result is greatly enhanced (Batley et al.
2005). The geometric rather than the arithmetic mean is
calculated because it provides an estimate of central
tendency that is not unduly affected by outliers, and
because the distributions of sediment quality guidelines
is not known.

The consensus approach has been used to derive
sediment quality guidelines for freshwater and marine
habitats in the USA (e.g. Swartz 1999, Ingersoll and
Macdonald et al. 1996, MacDonald et al. 2000, Crane et
al. 2002).

Advantages and Limitations:

Since the Consensus approach incorporates guidelines
developed through different approaches, the advantages
and disadvantages inherent in these approaches are
inherent in consensus-based sediment quality guidelines.
(MacDonald et al. 2000).

9.2.8

The most recent approach to the derivation of empirical

Floating Percentile approach

sediment quality guidelines is the Floating Percentile
approach. A significant percentage of the error in
empirical approaches to sediment quality guideline
derivation is related to the use of a single percentile of
the distribution to set the criterion for all chemicals.
Because all chemicals do not contribute equally to
toxicity in a data set, this oversimplification results in
Unlike many other
sediment quality guidelines, this approach does not

substantial mathematical error.
require the sediment quality guidelines for all chemicals
to be based on the same percentile distribution (e.g. the
Effects Range approach). The basic concept behind the
Floating Percentile approach is to select an optimal
percentile of the data set that provides a low false
negative rate and then adjust individual chemical
concentrations upward until false positive rates are
decreased to their lowest possible level while retaining
the same false negative rate. Most chemicals should be
at or near their actual toxicity range, rather than a level
arbitrarily assigned by a fixed percentile. In this manner,
optimized criteria sets can be developed for a number of
different target false negative rates, allowing the trade-
offs between false negatives and false positive to be
evaluated and a final set of sediment quality guidelines
to be selected.

The Floating Percentile approach has recently been used
to update freshwater sediment quality guidelines for
Washington, Oregon and Idaho in the USA (Avocet
2003).

10. Limitations of sediment quality
guidelines

Although the limitations of sediment quality guidelines
derived through different approaches were discussed
above, it is
limitations common to all sediment quality guidelines

worthwhile summarising the major
since their implications will need to be considered when
formulating sediment quality guidelines for the revised
National Action List.

10.1 Sediment quality guidelines are

protective of a limited number and
type of potential receptors

Sediment quality guidelines are usually derived to be
protective of sediment-dwelling organisms. Very few
jurisdictions/countries have derived sediment quality
guidelines that are protective of higher trophic levels,
such as fish, which are susceptible to exposure through
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bioaccumulation and biomagnification. By implication,
sediment quality guidelines are not protective of human
health, by exposure through the consumption of
contaminated fish and shellfish (USACE 1998).

10.2 Sediment quality guidelines are not
available for all chemicals

There is an extremely wide range of chemicals for which
sediment quality guidelines have not been derived.
There are literally thousands of chemicals and their
breakdown products that have the potential to cause
adverse biological effects, but about which little is
known. Peters and Gandrass (2001) estimated that less
than 0.5% of registered compounds are usually covered
by monitoring programmes. The sediment quality
guidelines defined by Long et al. (1995) provide
guidelines for less than one-third of the chemicals that
have been measured in sediment from the Port of Los
Angeles in California. Assessing the quality of sediment
using sediment quality guidelines thus bases
management decisions on a limited number of
chemicals, and discounts the many other chemicals that
might be causing adverse biological effects even if all
chemicals for which there are guidelines are present at
concentrations below the guidelines.

10.3 Sediment quality guidelines do not
address unanticipated chemicals

Sediment quality guidelines provide no means for
evaluating chemicals that may be present in sediment
but are unknown to the assessor, yet are perhaps of
environmental importance (USACE 1998, Ingersoll et al.
2005; Long et al. 2006). As mentioned above, Peters and
Gandrass (2001) estimated that less than 0.5% of
registered compounds are usually covered by monitoring
programmes. The adage that ‘you can only find what you
are looking for’ has relevance, but in this case should
read ‘you can only find what you measure for’. Thus,
concentrations of all measured chemicals in sediment
could conceivably be below sediment quality guidelines,
yet the sediment could still pose an environmental risk
due to other chemicals that were not measured or were
unknown.

10.4 Sediment quality guidelines do not
address the interaction of chemicals

While the data used to derive sediment quality
guidelines often include field sediments that may
contain multiple contaminants, the concentrations of
individual contaminants are considered separately in the
derivation process. No approach has been proposed to
develop sediment quality guidelines that identify the

potential interactions of chemicals present together in
the sediment (USACE 1998, Chapman and Mann 1999,
Wenning et al. 2002). Such interactions could be
additive, synergistic or antagonistic.
sediments often contain a variety of metallic and organic
contaminants and the potential combinations and
permutations of these contaminants are almost infinite.

Contaminated

10.5 Sediment quality guidelines do not
adequately consider the exposure
component of environmental risk

At a fundamental level, an environmental risk can exist
only if there is (1) an effect due to some stressor(s) and
(2) exposure of some receptor or organism to the
stressor(s). One of the reasons that exceedance of
sediment quality guidelines cannot predict adverse
biological effects is that sediment quality guidelines are
derived primarily on the basis of effect-related
considerations and inadequately address exposure-
related considerations (Chapman 2007).

10.6 Sediment quality guidelines are often
poor predictors of adverse biological
effects

Many workers consider sediment quality guidelines to be
reasonably ‘predictive’ of adverse biological effects
(Chapman and Mann 1999, Wenning et al. 2002). These
conclusions have been reached by evaluating the
incidence of adverse biological effects in field collected
sediment against the sediment quality guidelines, which
have shown that the guidelines provide a reliable basis
for assessing sediment quality conditions (e.g.
MacDonald et al. 2000). At the same time, other workers
have shown that sediment quality guidelines may be
poor predictors of adverse effects in other situations
(e.g. O’Connor and Paul 2000, Bay et al. 2004, Lee et al.
2004, O’Connor 2004, Vidal and Bay 2005). Reliance
solely on sediment quality guidelines that are derived
from co-contaminated sediments such that the toxic
effect is wrongly attributed to all contaminants tends to
produce a high proportion of false positives, which can
result in contaminated sites being incorrectly identified
as polluted (Wetherington et al. 2005).

10.7 Sediment quality guidelines do not
account for bioavailability

Site-specific sediment characteristics (e.g. grain size,
organic carbon, pH, redox potential, acid volatile
sulphides) and biotic factors (e.g., bioturbation,
bioirrigation) can significantly  influence  the
bioavailability (and hence toxicity) of contaminants.
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While sediment quality guidelines are typically derived
from data from many locations representing a range of
sediment conditions, the resulting contaminant
concentration values cannot possibly be applied to all
sediment conditions (Chapman and Mann 1999).

10.8 Sediment quality guidelines do not
account for bioaccumulation/
biomagnification®

Sediment quality guidelines are intended for the

protection of sediment associated benthic invertebrates,

through consideration of direct toxicity (acute or
chronic). They are not designed to be protective of
higher trophic levels, such as fish, either through direct
contact or through dietary transfer (Chapman and Mann

1999, CCME 2002, Word et al. 2002). Bioaccumulation

and the rarer phenomenon of biomagnification

(increasing concentrations up three or more trophic

levels, Chapman et al. 2003) need to assessed separately

(Chapman and Mann 1999), using dedicated testing

procedures and through an ecological risk assessment.

Biomagnification is only a significant concern for

mercury in its methylated form (Chan et al. 2003).

11. The need for multiple lines of
evidence when assessing sediment
quality

As discussed above, there is growing consensus amongst
the scientific community that sediment quality
guidelines should not be used as standalone tools for
decision-making, but rather should comprise one of
several lines of evidence in a weight of evidence
decision-making framework. Weight of evidence
frameworks use evidence from several, separate lines of
evidence, such as physical, chemical, and biological
information. These lines of evidence evaluate effects at
different levels of biological organisation.

11.1 Sediment chemistry

Sediment chemistry is determined by extracting and
measuring the concentrations of chemicals from the
sediment matrix through various analytical procedures
and techniques in the laboratory. The sediment matrix

! The terms bioaccumulation and biomagnification are not meant
to be used here interchangeably, but rather in the senses defined
in USEPA (2000). Bioaccumulation is the accumulation of
contaminants in the tissues of organisms through any pathway,
including respiration, ingestion, or direct contact with water,
sediment and pore water. Biomagnification is recognized as the
result of the process of bioaccumulation where the concentration
of the contaminant increases as it is transferred through more
than two trophic levels.

includes the sediment itself as well as the interstitial
porewater. Sediment chemistry measurements can
provide information on the spatial and temporal extent
of contamination at a site, depending on the type if

sampling design that is implemented.

One of the principal strengths of sediment chemistry is
that it provides direct information on the presence of
contaminants in sediments, relative to anthropogenic
background or reference conditions. If background or
have been defined, then
sediment chemistry provides a valuable early warning

baseline concentrations

tool of contamination, and may be able to detect
contamination before it reaches a level where adverse
biological effects start to manifest. In addition, standard
methods have been established for determining the
concentrations of many analytes in sediment. Because
measurements of sediment chemistry can be both
accurate and precise, they provide a reliable basis for
discriminating
uncontaminated sites. Furthermore, analytical methods

between contaminated and
have been developed which may provide an indication of
the potential bioavailability of certain substances (e.g.
metals), although the applicability of these methods
(such as weak acid digestions) has not been fully
established.

The main limitation of sediment chemistry data is that
while the concentrations of chemicals can be used to
provide an indication of whether the sediment is
contaminated, chemical concentrations by themselves
cannot be used to determine whether pollution has
occurred, that is, whether the contamination has caused
an adverse biological effect. Such measurements provide
(substances present
normally occur, or at

information on contamination
they would not
concentrations above natural background) and exposure
(i.e. concentrations sediment-associated
organisms are exposed), but they do not provide

where

to which

information on pollution (contamination that causes
adverse biological effects in the natural environment;
Chapman 2007). All pollutants are contaminants, but not
all contaminants are pollutants because substances
introduced into the environment may be more or less
bioavailable to organisms depending on their chemical
form, modifying factors in the environment, the
environmental compartment they occupy, and the
reactions (behavioural and physiological) of exposed
organisms (Chapman et al. 2003). Elevated contaminant
concentrations do not always cause adverse biological
effects (e.g. Burton 1991, Paine et al. 1996, McPherson
et al. 2008), although adverse biological effects are
usually with contaminant

associated elevated
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concentrations. The reason that adverse effects are not
always observed is that numerous physicochemical
characteristics of sediment control the bioavailability,
and hence toxicity of metals. Furthermore, aquatic
organisms have evolved strategies to both conserve and
regulate essential metals in sediments in certain
elevated concentration ranges
biological effects (Chapman et al. 1999). It is for these
reasons that sediment chemistry is used for screening
purposes, to determine whether further assessment is
warranted.

without adverse

11.2 Biological assessment

As stated above, if the chemical analysis of sediment
demonstrates that chemicals are present this does not
imply that they are having an adverse biological effect
since the chemicals may not be present in a bioavailable
form. Toxicity can only occur if chemicals are in a
bioavailable form, that is, in a form that can be taken up
(i.e. can cross biological membranes) by organisms.
Because bioavailability depends on the chemical and the
matrix, sediments with the same
contaminant concentrations may exhibit very different
toxicities (Newman and Unger 2003). In addition to
causing direct effects on aquatic organisms (e.g. toxicity),
contaminants can accumulate in the tissues of sediment-
dwelling and sediment-associated organisms. Because
many benthic and epibenthic organisms represent
important components of the food web, sediment-
associated contaminants can be transferred to higher
trophic levels. In this way, contaminated sediments
represent a potential hazard to aquatic predators (e.g.
fish), to wildlife species that consume aquatic organisms
(e.g. otters), and to humans that consume contaminated
fish and shellfish.

environmental

Determining when contamination has resulted in
pollution requires not only chemical but also biological
measurements (Chapman 2007). Appropriate biological
studies are the ultimate of whether
environmental damage has occurred (Chapman et al.
1999). Biological tests provide a means for assessing
contaminant bioavailability as organisms are only
expected to respond to that fraction of sediment-
associated contaminants that can be desorbed from
sediment particles and brought
organism tissues (PIANC 2005). A brief overview of some
biological assessment techniques for sediment s

provided below.

measure

into contact with

11.2.1 Sediment toxicity tests

Sediment toxicity tests are an important component of
sediment quality assessments in many jurisdictions/

countries. Sediment toxicity testing entails the exposure
of test organisms to field-collected sediments in the
laboratory. The laboratory environment allows for the
control of confounding variables that may vary in the
field, such as salinity, temperature or dissolved oxygen,
thus permitting a distinction between toxic effects and
effects due to natural habitat variability. Tests have been
developed to assess lethal (acute) and sub-lethal
(chronic) endpoints. The tests may be as simple as a
short-term (relative to organisms lifecycle) test on a
single contaminant using a single species, or as complex
as mesocosm studies in which the long-term effects of
mixtures of contaminants on ecosystem dynamics are
investigated. To measure toxicity, a specific biological
endpoint (e.g. mortality, reductions in growth or
reproduction) is used to assess the response of the
organisms to contaminants in the sediment.

Whole sediment (also sometimes called bulk or solid-
phase) toxicity tests are the most relevant for assessing
the effects of contaminants that are associated with
sediments. However, tests have also been developed to
assess the toxicity of suspended sediments, sediment
elutriates and extracts, and porewater. Many of the
latter tests have specific application to assessing the
potential environmental impacts associated with the
dredging process and the openwater disposal of dredged
material. Usually, regulatory authorities require that the
assessment of whole sediment be performed using a
suite of tests that measure for both acute and chronic
endpoints in organisms from a range of trophic levels.

Toxicity tests have a number of advantages that make
them relevant for evaluating the effects of contaminated
sediments on aquatic organisms. Standard methods have
been established to support the generation of reliable
and comparable data, as well as to minimise the
confounding effects of the physical and chemical
characteristics of sediments on data interpretation. The
results of many of the tests are ecologically-relevant
because they commonly use resident species and
provide a means to compare the sensitivities of different
organisms. They provide quantitative information on
sediment toxicity that provides a basis for discriminating
between impacted and un-impacted sites. They measure
the effects of unmeasured or unknown chemicals in the
sediment, including those for which there are no
sediment quality guidelines and a decision based on
sediment chemistry and sediment quality guidelines
alone fail to consider. They measure the interactive
effects of complex mixtures of chemicals in sediment.
Toxicity tests also take into account the bioavailability of
contaminants in sediment.
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Toxicity tests have several limitations that influence their
application in sediment quality assessments. Many of
the tests that are currently available involve the short-
term exposure (i.e. 10 day) of test organisms to
sediment and, hence, might not be sensitive enough to
detect subtle, chronic effects on sensitive species
resulting from long-term exposure to chemicals. Field-
collected sediments are manipulated prior to testing,
which may affect their integrity and toxicity (Burton
1991, Crane et al. 2000). The highly controlled conditions
in sediment toxicity tests do not replicate conditions in
the natural environment (Chapman et al. 2002). Certain
sediment phases (e.g. organic extracts, elutriates) may
be less relevant for evaluating the in situ effects of toxic
substances in sediments. Certain test organisms may be
more sensitive to certain classes of contaminants than
other organisms, and in some cases their use in testing
the toxicity is of little relevance since they will never be
exposed to sediment. For example, measuring the
toxicity of sediment porewater using echinoid and
bivalve larvae has little ecological relevance since the
larvae are unlikely to ever come into contact with
sediment porewater. Therefore, it is necessary to use a
suite of test organisms to cover the range of sensitivities
exhibited by sediment-dwelling and sediment-associated
organisms in the field. This has significant cost
implications since sediment toxicity tests are time-
intensive.

11.2.2 Benthic invertebrate community
assessment

Benthic invertebrate communities are assemblages of
invertebrates that live in or on sediment. Analysis of
these communities has for a long time provided one of
the mainstays of sediment quality assessments. In terms
of evaluating sediment quality, benthic invertebrate
community assessment focuses on establishing whether
there are similarities or differences in various
community metrics (e.g. species richness, total
abundance) between putatively impacted and un-
impacted sites, and on the relationships between these
metrics and physical and chemical measures of sediment
quality (e.g. grain size, organic content, chemical
concentrations).

Benthic invertebrate community assessments provide a
number of advantages in the context of sediment quality
assessment. Because most benthic invertebrates are
relatively sedentary, are in direct contact with sediment,
have life-spans ranging from months to years, and show
different sensitivities to contaminants, they tend to be
sensitive to short-term and long-term changes in
sediment conditions. They also reflect the influence of

various actual stressors in the environment, in contrast
to toxicity tests which are unable to replicate these
conditions in the laboratory. The information generated
from the assessment of benthic invertebrate
communities has ecological relevance, since they are
important components of aquatic food webs; the loss or
reduction in abundance and diversity of benthic
invertebrate communities has a direct impact on higher
trophic levels.

The limitations of benthic invertebrate community
restrict their use for evaluating

impacts While
benthic invertebrate communities respond to chemical
contamination of the sediment (Canfield et. al. 1994,
1996), they are also affected by a wide range of physical
and chemical factors that are not directly related to
sediment contaminants (e.g. low dissolved oxygen
concentrations, grain size differences, and water depth).
These confounding variables complicate the attribution
of differences in community composition to the
presence of contaminants in sediment (Breneman et al.
2000, Thompson and Lowe 2004, Holmstrup et al. 2010).
Benthic invertebrate community composition exhibits
significant spatial, short-term temporal and seasonal
variability, further complicating interpretation of the
data relative to contaminant effects. Large numbers of
samples are also required to the high variance
associated with distribution of benthos (USEPA 1992).
There is little agreement among benthic ecologists on
which metrics are the most appropriate for evaluating
the status of benthic invertebrate
Although a plethora of benthic response indices have
been developed for the purpose of identifying benthic
invertebrate community disturbance, no single index has
achieved favour amongst benthic ecologists. Different
indices do not necessarily provide a comparable
assessment of benthic invertebrate community status.
Part of the reason is that benthic response indices may
be area specific, and thus need to be developed on this
basis.

assessments that

contaminant-related are numerous.

communities.

11.2.3 Bioaccumulation assessment

Certain highly bioaccumulative substances may not have
any direct toxic effect on benthic organisms that are
continuously exposed to very small doses of these
substances, but the organisms may nonetheless
accumulate the substances in their tissues and transfer
them to higher trophic levels (including humans) through
dietary transfer. Such chemical substances include
polychlorinated biphenyls, methylmercury, furans and
toxaphene. Bioaccumulation testing usually involves the
exposure of test organisms to sediments under
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controlled conditions in the laboratory for a period of 28
days. The organisms used in bioaccumulation tests are
generally selected on the basis of their relative tolerance
to contaminants (i.e. they survive the exposure) and
their body size, which ensures that there is sufficient
tissue recovered at the end of the exposure for chemical
analysis. Bioaccumulation is determined by comparing
concentrations of chemicals in organisms exposed to test
sediment samples to concentrations in test organisms
that were concurrently exposed to uncontaminated
(reference) sediment, or by comparing the chemical
concentrations to tissue residue guidelines if these are
available.

Bioaccumulation tests provide a measure of exposure
rather than effect. Bioaccumulation of a chemical will
not always result in an adverse effect on the organism.
In the case of essential nutrients (e.g. zinc and copper), a
certain amount of accumulation is required to support
normal physiological function. In general, adverse effects
from any contaminant will only be manifest after the
concentration exceeds a specific tolerance level or
toxicological threshold (PIANC 2005).

The primary disadvantage of conducting sediment
bioaccumulation tests is their cost, which is influenced
by the time-intensive nature of the tests. Quality
assurance requirements are also more stringent for
bioaccumulation tests than for conventional sediment
toxicity tests. In addition, an adequate tissue mass must
be obtained for chemical analysis. This could require the
use of additional replicates for analyses of multiple
chemicals. Another disadvantage is that field collected
sediments may include indigenous organisms that need
to be separated from the test organisms at the end of
the test. This manipulation of the sediment influences its
An appropriate reference
control site must also be selected, but this is often not a
simple task. Finally, the relationships between
bioaccumulation and direct toxicity to aquatic organisms
are poorly defined.

chemical characteristics.

12. Action Lists from various
jurisdictions/countries

This section provides a brief review of sediment quality
guidelines included in Action Lists used for making
decisions on the suitability of dredged material for
unconfined, openwater disposal in some jurisdictions/
countries, and how the guidelines are used for decision-
making. The review is by no means exhaustive, but is
included to provide the reader with perspective on the
ranges of metal concentrations specified by sediment
quality guidelines. In line with the revision of only the

metal sediment quality guidelines of the existing
National Action List, the review focuses only on metal
guidelines.

This review also does not focus on decision-making
frameworks within which the sediment quality
guidelines/Action Lists are embedded. The frameworks
usually adopt a tiered approach to decision-making, with
each tier having explicit data requirements and
tiers usually having broader data
requirements. Although sediment quality guidelines are
sometimes referred to as Action Levels in guidance
documents, in keeping with the philosophy of Action
Levels as per the Waste Assessment Guidelines of the
London Protocol these are referred to as Level | and
Level Il guidelines wherever possible.

successive

12.1 Europe
12.1.1 Belgium

Belgium has adopted a two Action Level approach for
reaching a decision on the suitability of dredged material
for unconfined, openwater disposal (Table 1). The
sediment quality guidelines of the Action List were
derived from chemical concentrations measured in
sediment collected at reference sites along the Belgian
coastline. Sediment with chemicals at concentrations at
or below the Level | guideline is not considered to pose a
risk and is suitable for unconfined, openwater disposal.
In the context of metals, concentrations that are
compared to the sediment quality guidelines are the
arithmetic average of analyses on ten sediment samples.
If the concentrations of chemicals fall between the Level
I and Level Il guidelines, then an additional five sediment
samples from the same area must be analysed. If the
analyses confirm results of the previous analyses, then
biological testing is required to determine whether the
elevated chemical concentrations are associated with
adverse biological effects. If toxic effects are observed
then this may lead to the prohibition of the unconfined,

Table 1. Level | and Level || metal sediment quality guidelines
(ug.g" dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in Belgian coastal waters.

Metal Level I Level Il
Arsenic 20 100
Cadmium 2.5 7
Chromium 60 220
Copper 20 100
Mercury 0.3 1.5
Nickel 70 280
Lead 70 350
Zinc 160 500
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openwater disposal of dredged material. If the
concentrations of three or more contaminants exceed
the Level Il guideline, then the dredged material is
considered unsuitable for unconfined,
disposal.

openwater

12.1.2 Denmark

Denmark has adopted a two Action Level approach for
reaching a decision on the suitability of dredged material
for unconfined, openwater disposal (Table 2). The
sediment quality guidelines of the Action List are based
on data from the Netherlands and Finland, with some
The Level |
guideline corresponds to the background concentration
or a no-effect concentration. The Level Il guideline is
based on international

adjustments to Danish circumstances.

guidelines. Sediment with
chemicals at concentrations at or below the Level I
guideline is not considered to pose a risk and is suitable
for  unconfined, openwater disposal. If the
concentrations of chemicals fall between the Level | and
Level Il guidelines, a comprehensive assessment is
required. The scope of this assessment is based on the
amount of sediment that requires disposal and the
concentrations of chemicals in the sediment. Sediment
with chemicals at concentrations above the Level Il
guideline is usually not permitted for unconfined,
openwater disposal.

Table 2. Level | and Level || metal sediment quality guidelines
(ug.g'1 dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in Denmark.

Metal Level I Level Il
Arsenic 20 60
Cadmium 0.4 2.5
Chromium 50 270
Copper 20 90
Mercury 0.25 1.0
Nickel 30 60
Lead 40 200
Zinc 130 500

12.1.3 Finland

Finland has adopted a two Action Level approach for
reaching a decision on the suitability of dredged material
for unconfined, openwater disposal (Table 3). The
sediment quality guidelines of the Action List were
derived using sediment background concentrations and
ecotoxicological approaches. For metals, the Level |
guideline is 1.5 times the background concentration with
the exception of mercury, which is 2.5 times the
background concentration. The Level Il guideline has, in
general, been set using ecotoxicological data. Sediment
with chemicals at concentrations at or below the Level |

guideline is not considered to pose a risk and is suitable
for unconfined, openwater disposal. If the
concentrations of chemicals fall between the Level | and
guidelines, its suitability for
unconfined, openwater disposal are made on a case-by-
case basis and might require further assessment.
Sediment with chemicals at concentrations at or above
Il guideline is considered unsuitable for
unconfined, openwater disposal.

Level 1l decisions on

the Level

Table 3. Level | and Level Il metal sediment quality guidelines
(ug.g"1 dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in Finland.

Metal Level I Level Il
Arsenic 15 60
Cadmium 0.5 2.5
Chromium 65 270
Copper 50 90
Mercury 0.1 1.0
Nickel 45 60
Lead 40 200
Zinc 170 500
12.1.4 France

France has adopted a two Action Level approach for
reaching decisions on the suitability of dredged material
for unconfined, openwater disposal (Table 4). The
sediment quality guidelines of the Action List were
defined from concentrations of chemicals measured in
sediment collected from French ports. The Level | and
Level Il guidelines for metals were defined as 2 and 4
times the median concentration. Sediment with
chemicals at concentrations at or below the Level |
guideline is not considered to pose a risk and is suitable
for unconfined, openwater disposal. If the
concentrations of chemicals fall between the Level | and
Level Il guidelines, a comprehensive study might be
necessary (including at least toxicity testing). The scope
of the assessment is determined on a case by case basis,
taking into account local circumstances and the

Table 4. Level | and Level || metal sediment quality guidelines
(ug.g" dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in France.

Metal Level I Level Il
Arsenic 25 50
Cadmium 1.2 2.4
Chromium 90 180
Copper 45 90
Mercury 0.40 0.80
Nickel 37 74
Lead 100 200
Zinc 276 552
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sensitivity of the environment. If the concentrations of
chemicals exceed the Level Il guideline, unconfined,
openwater disposal might be prohibited, especially if
disposal does not constitute the least
solution for the environment. Thus,
contaminant concentrations exceeding the Level Il

openwater
detrimental

guideline does not lead to the automatic prohibition of
unconfined, openwater disposal.

12.1.5 Germany

Germany has adopted a two Action Level approach for
reaching decisions on whether material dredged from
federal waterways is suitable for unconfined, openwater
disposal (Table 5). The Level | guideline is based on
North Sea
sediments, multiplied by a factor of 1.5 to take into

chemical concentrations measured in
account accidental uncertainties due to sampling and
chemical analysis. The Level Il guideline is set at 5 times
the Level | guideline. All concentrations of trace metals
are specific to <20 um sediment fraction. Sediment with
chemicals at concentrations at or below the Level |
guideline is not considered to pose a risk and is suitable
for  unconfined, openwater disposal. If the
concentrations of chemicals fall between the Level | and
Level 1l guidelines, the material might be deemed
suitable for disposal after further analysis which is
dependent on the actual contaminant concentrations
and an evaluation of the likely impact on the ecosystem.
If the concentrations of chemicals exceed the Level II
guideline, unconfined, openwater disposal is subject to
mitigation measures to reduce environmental impacts.
Thus, contaminant concentrations exceeding the Level Il
guideline does not lead to the automatic prohibition of
unconfined, openwater disposal.

derived as the 95" percentile of concentrations
measured in sediment samples collected from reference
sites along the Irish coastline. There was insufficient
arsenic and nickel data from reference sites to derive a
guideline. The Effects Range Low guideline of the Long et
al. (1995) sediment quality guidelines were adopted for
arsenic and nickel. The Effects Range Median of the Long
et al. (1995) sediment quality guidelines was used for all
Level Il guidelines.

Decisions on the suitability of dredged sediment for
unconfined, openwater disposal are made using a weight
of evidence approach. The sediment quality guidelines of
the Action Levels are used to define three classes of
sediment, as:

Class 1: chemical concentrations below Level | guideline.
The sediment is considered to be uncontaminated
and is suitable for unconfined, openwater disposal.

Class 2: chemical concentrations between Level | and
Level Il guidelines. The sediment is considered to be
marginally contaminated, and further sampling and
analysis is necessary to delineate the problem area
before reaching a decision on whether the material is
suitable for unconfined, openwater disposal.

Class 3: chemical concentrations above Level Il guideline.
The sediment is considered to be heavily

contaminated and very likely to cause adverse

biological effects. This sediment is unsuitable for
unconfined, openwater disposal and alternative
disposal options must be considered.

Table 6. Level | and Level Il metal sediment quality guidelines
(ug.g" dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in Ireland.

Table 5. Level | and Level Il metal sediment quality guidelines
(ug.g'1 dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in Germany.

Metal Level I Level Il
Arsenic 30 150
Cadmium 2.5 125
Chromium 150 750
Copper 40 200
Mercury 1 5
Nickel 50 250
Lead 100 500
Zinc 350 1750
12.1.6 Ireland

Ireland has adopted a two Action Level approach for
reaching decisions on the suitability of dredged material
for unconfined, openwater disposal (Table 6). With the
exception of arsenic and nickel, Level | guidelines were

Metal Level I Level Il
Arsenic 9 70
Cadmium 0.7 4.2
Chromium 120 370
Copper 40 110
Mercury 0.2 0.7
Nickel 21 60
Lead 60 218
Zinc 160 4

12.1.7 Spain

Spain has adopted a two Action Level approach for
reaching decisions on the suitability of dredged material
for unconfined, openwater disposal (Table 7). The
sediment quality guidelines of the Action List were
defined using the Sediment Background approach and
are specific to chemicals in the <63 um fraction.
Sediment with chemicals at concentrations at or below
the Level | guideline is not considered to pose a risk and
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is suitable for unconfined, openwater disposal. If the
concentrations of chemical fall between the Level | and
Level Il guidelines, the sediment is considered
moderately contaminated and further
assessment before a decision can be made as to its
suitability for unconfined, openwater disposal. Sediment
with chemical at concentrations at or above the Level Il
guideline is not suitable for unconfined, openwater
disposal.

requires

Table 7. Level | and Level Il metal sediment quality guidelines
(ug.g'1 dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in Spain.

Metal Level I Level lI
Arsenic 80 200
Cadmium 1 5
Chromium 200 1000
Copper 100 400
Mercury 0.6 3
Nickel 100 400
Lead 120 600
Zinc 500 3000

12.1.8 United Kingdom (England and Wales)

The United Kingdom has adopted a two Action Level
approach for reaching decisions on the suitability of
dredged material for unconfined openwater disposal
(Table 8). A nominal ‘background’ concentration was
used to derive the Level | guideline. Ecotoxicological
data, based largely on data from North America, was
used to formulate the Level Il guideline. In general,
chemicals at concentrations at or below the Level |
guideline are of no concern and the sediment is
considered suitable for unconfined, openwater disposal.
Sediment with chemicals at concentrations between the
Level | and Level Il guidelines requires further testing
before a decision is made on its suitability for
unconfined, openwater disposal. This can
additional sampling and/or further analysis, or the use of
bioassays to more effectively assess ecological risk.

involve

Table 8. Level | and Level Il metal sediment quality guidelines
(ug.g'1 dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in United Kingdom (England and Wales).

Sediment with chemicals at concentrations at or above
the Level Il guideline is generally not considered suitable
for unconfined, openwater disposal

12.2 North America
12.2.1 United States of America

The United States of America comprises a large
geographical area and it is perhaps not surprising that
nationally applicable sediment quality guidelines have
not been derived or formulated. Regulations in the
United States of America for the disposal of dredged
material do not require nor endorse use of sediment
quality guidelines for decision making purposes (USACE
1998). The reason that little reliance is placed on
sediment quality guidelines is that there is a concern the
guidelines have such a high level of uncertainty that they
may incorrectly designate non-contaminated sediments
as contaminated, thereby requiring expensive and
unnecessary removal and remediation actions. This said,
there is considerable latitude from state to state, and as
discussed below some states place significant emphasis
on the use of sediment quality guidelines for decision-
making.

Using the Pacific Northwest (states of Washington,
Oregon and Idaho) as an example, sediment quality
guidelines designed to be protective of direct effects to
benthic and aquatic organisms have been developed
using the Apparent Effects Threshold approach. Two
guidelines were derived, based on different criteria for
the acceptability of sediment toxicity testing results
(Table 9). The Level | guideline corresponds to a
concentration at or below which there is no reason to
believe that dredged material disposal will result in
unacceptable adverse effects, and the material is hence
suitable for unconfined, openwater disposal. Chemicals
present at concentrations between the Level | and Level
Il guidelines require additional biological assessment for
decision-making. This includes a suite of three acute and
chronic toxicity tests. When any one biological test

Table 9. Level | and Level || metal sediment quality guidelines
(ug.g" dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in the Pacific Northwest of the United States.

Metal Level I Level lI

Arsenic 20 70 Metal Level | Level Il
Cadmium 0.4 4 Arsenic 57 93
Chromium 50 370 Cadmium 5.1 6.7
Copper 30 300 Chromium 260 270
Mercury 0.25 1.5 Copper 390 390
Nickel 30 150 Mercury 0.41 0.59
Lead 50 400 Lead 450 530
Zinc 130 600 Zinc 410 960
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exhibits a response that exceeds the toxicity-specific
guidelines relative to the negative control and reference,
and which is statistically significant in comparison to the
reference, the sediment is considered unsuitable for
unconfined, openwater disposal. When
biological tests (amphipod, juvenile infaunal growth or

any two

sediment larval) exhibit responses that are less than the
toxicity-specific reference-comparison guidelines for a
single-hit failure, but are significant compared to the
reference sediment, the sediment is judged to be
unsuitable for unconfined, openwater disposal.

If one or more chemicals are present at concentrations
above the Level Il guideline, the dredging proponent is
still permitted to perform biological testing but there is a
high probability that the sediment will fail testing.
Although some sediments with more than one Level Il
guideline exceedance have passed biological testing, the
majority have failed. By comparing sediment chemical
data to the Level Il guideline, a dredging proponent is
able to judge how to proceed with the project, that is,
whether to invest more into testing for unconfined,
openwater disposal or to rechannel that effort into other
disposal options and testing for those options.

In addition to comparisons to Level | and Level Il
guidelines and subsequent determinations outlined
above, a bioaccumulation guideline has also been
derived and is used to determine when bioaccumulation
testing is required. If a chemical of concern exceeds the
Trigger concentration, additional
information gained via bioaccumulation testing is

Bioaccumulation

required to determine whether the sediment is suitable
for unconfined, openwater disposal. This testing is
usually performed by exposing bivalves and polychaetes
to sediment samples under controlled conditions in the
laboratory for periods between 28 - 45 days. Tissue
residues from bioaccumulation testing are compared to
the Target Tissue Levels, which are the allowable
concentrations of contaminants in tissue derived either
from human-health risk assessments or from US Food
and Drug Administration action levels.

12.1.2 Canada

The Canadian Council of Ministers of the Environment
derived sediment quality guidelines for the protection of
aquatic life using the Effects Level approach (CCME
2002). These guidelines, namely the Threshold Effect
Level and the Probable Effect Level, have been adopted
for the assessment of sediment quality in Quebec
(Environment Canada and MDDEP 2007). However, the
government of Quebec felt that these two guidelines
alone were insufficient to address all of the different
sediment management contexts, and three additional
guidelines (Table 10) were derived to cover all of the
management needs (using the same database as CCME
2002). These guidelines are discussed in further detail in
a subsequent section of this report, and are hence only
alluded to hear in the context in which they are used for
decision making with regard to dredged sediment. Two
of the guidelines are specifically used to manage
dredged sediment, namely the Occasional Effect Level
and the Frequent Effect Level. Together, these effect

levels categorize sediment into 3 classes of
contamination that require different management
decisions. Class 1 sediments, with contaminant

concentrations below the Occasional Effect Level, are
suitable for unconfined, openwater disposal or can be
used for other beneficial uses (e.g. shoreline
nourishment), because the probability of detecting
adverse biological effects is deemed low. Class 2
sediments, with contaminant concentrations between
the Occasional Effect Level and the Frequent Effect
Level, have a higher probability of adverse biological
effects, so unconfined, openwater disposal can be
considered a valid option only if toxicity tests
demonstrate that the sediments will not adversely affect
the receiving environment. Class 3 sediments, with
concentrations above the Frequent Effect Level, are
prohibited for unconfined, openwater disposal.

12.3 Australasia
12.3.1 Australia

As an interim measure, Australia has adopted sediment
quality guidelines defined for North American coastal

Table 10. Level | and Level Il metal sediment quality guidelines (},Lg.g’1 dry weight) used for reaching a decision on the suitability of
dredged sediment for unconfined, openwater disposal in the province of Quebec, Canada.

Metal REL TEL OEL PEL FEL
Arsenic 4.3 7.2 19 42 150
Cadmium 0.32 0.67 2.1 4.2 7.2
Chromium 30 52 96 160 290
Copper 11 19 42 110 230
Mercury 0.051 0.13 0.29 0.7 1.4
Lead 18 30 54 110 180
Zinc 70 120 180 270 430
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waters by Long et al. (1995), with minor modifications to
reflect local conditions (e.g. the guideline for arsenic was
increased), since there are insufficient local data to
derive empirical
guidelines (Table 11). The guidelines have been shown to

effects-based sediment quality
perform per their narrative intent for sediment in at
least the Sydney Harbour and vicinity of New South
Wales (McCready et al. 2006). In the context of dredging,
Australia uses only the lower of the guidelines defined by
Long et al. (1995), namely the Effects Range Low
(referred to as Screening Level in Australia). Assessment
of the suitability for disposal begins with the calculation
of the upper 95% confidence limit of the mean
concentration measured for a chemical in an area of
interest. If the concentrations of all chemicals are below
the Screening Level, the dredged material is suitable for
unconfined, openwater disposal. If the 95% upper
confidence limit for one or more chemicals exceeds the
Screening Level, then the chemicals are identified as
contaminants of potential concern. Comparison to the
ambient baseline concentration for sediments of
comparable grain size is then required, due to the fact
that the suitability of the Screening Level to Australian
conditions has not been conclusively demonstrated. If
the mean concentration of the chemicals in question is
at or below the 80" percentile of their ambient baseline
concentrations in the vicinity of the disposal site, the
sediment is considered to be suitable for unconfined,
openwater disposal even though the relevant Screening
Level(s) were exceeded. If concentrations of chemicals in
the material are found to be above ambient baseline
concentrations, the chemical is again identified as a
contaminant of potential concern and further testing is
required. The first step is to determine whether
contaminants in the material are mobile, through an
elutriate test. The concentrations of chemicals measured
in the elutriate are compared to ANZECC marine water
quality guidelines (1994). in the
elutriate exceed relevant water quality guidelines, then
bioavailability testing is required. If the

If concentrations

chemical

chemicals are found not to be bioavailable, the material
is suitable for unconfined, openwater disposal. If the
chemicals are found to be bioavailable, then acute and
chronic toxicity testing of sediment is required. If this
fails, then bioaccumulation testing of the sediment is
required. A decision on whether the material can be
disposed in marine waters, and the type of disposal (i.e.
unconfined versus confined) is made from the findings of
this assessment.

12.3.2 New Zealand

New Zealand has adopted a two Action Level approach
for reaching decisions on the suitability of dredged
material for unconfined, openwater disposal (Table 12).
As an interim measure, sediment quality guidelines
defined for North American coastal waters by Long et al.
(1995) have been adopted, since there are insufficient
local data to derive empirical effects-based sediment
quality guidelines. In fact, the decision-making process in
the context of the suitability of dredged material for
openwater disposal is based largely on the Australian
guidelines that were in force at the time (1999). The
Australian guidelines have since been reviewed and
accounts for some of the differences in the assessment
approach between these ‘neighbouring’
in three possible

countries.

Applying the Action List results

categories of waste:

1. Dredged material that
geometric mean concentrations below the Level |
guideline (ER-L) is considered not to pose a risk and is
permitted for unconfined openwater disposal
without further testing provided that no other
adverse ecological effects are associated with the
disposal (e.g. physical smothering of sensitive
habitats).

2. Dredged material that
geometric mean concentrations that fall between the
Level | and Level Il (ER-M) guidelines requires further
testing to determine its suitability for unconfined

contains chemicals at

contains chemicals at

Table 11. Level | and Level Il metal sediment quality guidelines
(ug.g"1 dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in Australia.

Metal Level | Level Il
Arsenic 20 70
Cadmium 1.5 10
Chromium 80 370
Copper 65 270
Mercury 50 220
Nickel 0.15 1
Lead 21 52
Zinc 200 410

Table 12. Level | and Level Il metal sediment quality guidelines
(ug.g"1 dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in New Zealand.

Metal Level I Level Il
Arsenic

Cadmium

Chromium

Copper

Mercury

Nickel

Lead

Zinc
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openwater disposal. The first step is an elutriate test,

to determine whether the concentrations of

in the material are mobile. For

purposes, the
chemicals measured in the elutriate are compared to
ANZECC marine water quality guidelines (1994). If
chemical concentrations in the elutriate exceed the
relevant water quality guideline, the toxicity of the
material to water and benthic organisms is required,
or an appropriate mixing zone must agreed with the
permitting authority. In some instances, the
permitting authority may require testing of the
toxicity of waste components to the benthic
organisms even if these relevant water quality
criteria are met, in recognition of the fact that water
quality criteria currently in common use in New
Zealand were derived overseas, and may not be fully
protective of New Zealand’s marine environment. In
particular, if elutriate testing shows contaminant
concentrations in water close to relevant water
quality criteria, additional toxicity testing might be
appropriate. If it is found to be non-toxic at the acute
level, the material is then considered suitable for
unconfined, openwater disposal dumping. If the
material is found to be acutely toxic, the applicant
may opt to (a) treat the waste to make it less
contaminated, or (b) undertake a further level (level
4) of investigation, or (c) consider either disposing
the material into a confined/contained site in the
marine environment, or not to dispose of the
material in the marine environment at all.

3. If the geometric mean concentration of one or more
chemicals in the dredged material are above Level Il
guideline (ER-M), or the previous tier of testing found
the material to be acutely toxic or otherwise failed to
meet any of the stipulated criteria, the material is
considered as being probably unsuitable for
unconfined, openwater disposal. In this case, the
dredging proponent may elect to carry out further
acute toxicity testing, as well as an assessment of
chronic toxicity and bioaccumulative effects and
prepare a  comprehensive  assessment  of
environmental effects. A decision on whether the
material can be disposed in marine waters, and the
type of disposal (i.e. unconfined versus confined) is
made from the findings of this assessment.

contaminants

assessment concentrations of

12.3 Asia
12.3.1 Hong Kong

The Hong Kong administrative region of the Peoples
Republic of China has adopted a two Action Level
approach for reaching decisions on the suitability of
dredged material for unconfined, openwater disposal

(ETWB 2002; Table 13)). The sediment quality guidelines
are based largely on those defined by Long et al (1995),
because there are insufficient local data to derive
empirical effects-based guidelines (Chapman 1999,
ETWB 2002). Chemicals at concentrations below the
Level | guideline are not expected to have adverse
biological effects, while chemicals at concentrations
above the Level Il guideline are expected frequently be
associated with adverse biological effects. Sediment is
classified into three categories and decisions are made
as follows:

L: Sediment with all chemicals at concentrations below
the Level | is suitable for unconfined, openwater
disposal.

M: Sediment with one or
concentrations exceeding the Level | guideline but
with none exceeding the Level Il guideline must be
dredged and transported with care, and must be
effectively isolated from the environment upon
disposal unless appropriate biological tests
demonstrate that the material will not adversely
affect the marine environment.

more chemicals at

H: Sediment with one or chemicals at
concentrations exceeding the Level Il guideline
requires biological testing to determine the
appropriate disposal option. The material must be
dredged and transported with great care, and must
be effectively isolated from the environment upon
disposal. Highly contaminated material (i.e. 10 x

Chemical Exceedance Level) requires

treatment (e.g. incineration) to stabilise the material

before disposal.

more

Lower

13.  Existing South African National
Action List

The National Action List that is under consideration for
revision is provided in an undated, (apparently) draft
document issued in about 1995 by the then Department
of Environmental Affairs and Tourism: Sub-directorate

Table 13. Level | and Level Il metal sediment quality guidelines
(ug.g"1 dry weight) used for reaching a decision on the
suitability of dredged sediment for unconfined, openwater
disposal in Hong Kong.

Metal Level | Level Il
Arsenic 12 42
Cadmium 1.5 4
Chromium 80 160
Copper 65 110
Mercury 0.5 1
Nickel 40 110
Lead 75 270
Zinc 200 420
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Sea Fisheries Research Institute (see Appendix 3).
Although the National Action List has per se remained
unchanged since the issuing of the document, changes in
the way that decisions are made on the suitability of
dredged material for unconfined, openwater disposal
have been implemented by the DEA (compare
Appendices 3 and 4). Because of these changes,
occasional reference is made hereafter to the modified
National Action List to distinguish it from the ‘original’
National Action List.

The sediment quality guidelines of the existing National
Action List comprise guidelines for so-called Annex |
(cadmium and mercury) and Annex Il metals (arsenic,
chromium, copper, lead, nickel and zinc). Designation of
metals as Annex | or Annex Il is per the terminology of
the London Convention and the London Protocol.
Although not of direct concern in this report, the
National Action List document also provides guidelines
for  cyanide, organohalogens,
organosilicon compounds, and pesticides, although a

fluoride, ‘oils’,

single guideline is provided for most of these chemicals
(see Appendix 3). These chemicals are, however, not
included in the modified National Action List (see Table
14). In the original National Action List document, the
Level | guideline is referred to as the Action Level for

Annex | metals and the Special Care Level for Annex II
metals. In the modified National Action List, however,
the Level | guideline for all metals is referred to as the
Action Level (Table 14). The terms Action Level and
Special Care Level are, however, used forthwith, as per
the original document. The Level Il guideline for both
Annex | and Annex Il metals is referred to as the
Prohibition Level. There are also summative guidelines
for Annex | and Annex Il metals, these too are
(confusingly) referred to as the Action Level/Special Care
Level and Prohibition Level (Table 14).

The sediment quality guidelines were formulated using a
‘middle of the road’ approach (Lynn Jackson, personal
communication), based on the sediment quality
guidelines from several jurisdictions/countries. Sediment
quality guidelines for Hong Kong, Ireland, Iceland,
Germany, Norway and the provinces of Quebec and
Ontario in Canada are provided in the document (note
that the sediment quality guidelines used in most of
these jurisdictions/countries have since changed). No
clarity is provided on how or which of the sediment
quality guidelines from these jurisdictions/countries was
used to formulate the sediment quality guidelines of the
National Action List. There are a number of issues
pertaining to sediment quality guidelines from the

Table 14. The modified National Action List used to make decisions on the suitability of dredged material for unconfined,
openwater disposal in South African coastal waters. Note that the Level | guideline for cadmium and mercury in the original
National Action List document is referred to as the Action Level and for the remaining metals as the Special Care Level. ppm = parts

per million, or pg.g™.

Metal Action level Prohibition level
(ppm) (ppm)
Cadmium 1.5-10.0 >10.0
Mercury 0.5-5.0 >5.0
or for a combined level of these two 1.0-5.0 >5.0
Arsenic 30-150 >150 (1000)
Chromium 50-500 >500
Copper 50-500 >500 (1000)
Lead 100-500 >500 (500)
Nickel 50-500 >500
Zinc 150-750 >750 (1000)
or a combined level of these substances: 50-500 >500 (1000)

Explanatory notes on application:

1. Once the levels of contamination in the sediments have been determined through chemical analysis, these are compared with
the Action Levels contained in the above List (presented as ug.g"1 dry weight sediment).
2. A decision on whether or not to require biological testing, or to prohibit disposal of the sediment at sea, is determined as

follows:

a) If none of the metals measured exceed the Action Levels, then no biological testing is required, and the material can be

dumped.

b) If the Action Levels for both Annex | metals (Cd and Hg) are exceeded, or the combined level of Cd and Hg is >5 ug.g_l, then

biological testing is required.

c) If the Action Level for either of the Annex | metals, and two or more of the Annex Il metals are exceeded, then biological

testing is required.

d) If the Action Levels of three or more Annex Il metals are exceeded, and the total of Annex Il metals is >500 ug.g'l, then

biological testing is required.

e) If the combined level of Annex Il metals is >1 000 ug.g_l, then biological testing is required.

31



Revision of National Action List for the Screening of Dredged Material

jurisdictions/countries listed in the document that have
important implications should they have been used to
formulate the sediment quality guidelines of the
National Action List.

Firstly, the sediment quality guidelines from several of
the jurisdictions/countries are not directly compatible.
Sediment quality guidelines for the provinces of Quebec
and Ontario in Canada, for example, were derived using
the Screening Level approach, while (some of) those for
Germany and Norway were derived using the Sediment
Background approach. Secondly, and perhaps most
importantly, the German sediment quality guidelines are
specific to the <20 um fraction of the sediment, while
the guidelines for all other jurisdictions/countries are
specific to <2000 um fraction. The specification that
guidelines are for metal concentrations in the <20 um
fraction has significant implications since the mass-
specific concentration of metals in this fraction is far
higher than in sediment comprised of the <2000 um
fraction (unless of course, but highly improbably, the
sediment is entirely comprised of <20 um material). In
other words, the German guidelines should in theory be
considerably lower if they were based on the <2000 pum
Whether this was during
formulation of the sediment quality guidelines of the

fraction. considered
existing National Action List is uncertain, but it would
appear that the German sediment quality guidelines
were the basis for at least two metal guidelines in the
list.

The definition of two sediment quality guidelines in the
existing National Action List invokes three concentration
ranges of management interest, namely concentrations
that fall below the Action Level/Special Care Level,
concentrations that fall between the latter and the
Prohibition Level, and concentrations that exceed the
Prohibition Level. The National Action List document
provides a basic but incomplete description of how the
sediment quality guidelines should be used to assess
sediment quality.
uncontaminated (‘trace or insignificant contamination’)

Sediment is considered to be
if chemicals are at concentrations below the Action
Level/Special considered
moderately contaminated if concentrations fall between

Care Level. Sediment is
the Action Level/Special Care Level and Prohibition Level,
and highly contaminated if concentrations exceed the
Prohibition Level. The document acknowledges that
while chemical analyses may reveal the presence of
contaminants in sediment, this does not necessarily
imply that the contaminants are exerting adverse
biological effects. If sediment is classified moderately
contaminated, then the document states that biological
testing, such as toxicity or bioavailability testing, is

required to assist decision-making. No provision for
further testing is made for sediment that contains
chemicals at concentrations exceeding the Prohibition
Level. The presumption is, therefore, that dredged
material with chemicals at concentrations exceeding the
Prohibition Level is immediately considered unsuitable
for unconfined, openwater disposal, that is, that the
Prohibition Level is used on a pass/fail basis. The
modified version of the National Action List goes into
more detail on how the sediment quality guidelines are
used for decision-making, and confirms the pass/fail
nature of the Prohibition Level (see explanatory note on
application in Table 14).

14. Limitations of the existing National
Action List

As mentioned previously, experience in assessing
sediment quality in South African coastal waters has
shown that the existing National Action List is limited
from several perspectives, and it is these limitations that
motivated for its revision. The principle limitations of the
existing National Action List are discussed below. The
limitations will need to be avoided or addressed in the
revised National Action List.

14.1 Limitation 1: Some guidelines are

inappropriate for South African coastal
waters

The most significant limitation of the existing National
Action List is that guidelines for some metals are lower
than baseline concentrations in sediment from some or
all regions of the South African coastline. Strict
application of the sediment quality guidelines leads to
the anomalous situation of identifying sediment with
metal concentrations that fall within the expected
concentration range for uncontaminated sediment as
posing a potential risk to sediment-dwelling organisms.
This obviously cannot be the case since the major
portion of the metal concentration must be bound in the
crystal lattice of sediment grains and hence is not in a
bioavailable form. If the metal is not in a bioavailable
form, it cannot exert toxicity. This limitation was
identified following the definition of baseline
concentrations for metals
regions of the South African coastline (Newman and
Watling 2007 and CSIR unpublished data). Baseline
concentrations provide an important tool for screening
sediment quality guidelines that might be considered for
the revised National Action List. The following
subsections thus provide background information on
how baseline concentrations for metals are defined, the
variability of metal baseline concentrations in sediment

in sediment from some
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from South African coastal waters, and the use of
baseline concentrations for reaching a decision on
whether sediment is metal contaminated. Examples of
inappropriate sediment quality guidelines of the existing
National Action list are then discussed.

14.1.1 Basis, definition and practical application
of baseline concentrations for metals in
sediment

Determining whether sediment is contaminated by some
chemicals is easy since these only have an anthropogenic
origin (e.g. PCBs). These synthetically produced
chemicals should simply not be present in the natural
environment, and their presence thus provides
incontrovertible evidence of contamination. Determining
whether sediment is metal contaminated, in contrast, is
far more complicated and, in fact, presents a major
challenge when it comes to assessing the ecological risk
posed by metals in sediment. This is because metals are
a ubiquitous, naturally occurring component of
sediment. The presence of metals in sediment does not,
therefore, imply that contamination has occurred. Metal
concentrations in uncontaminated sediment can also
vary by orders of magnitude over relatively small spatial
scales, depending on the sediments mineralogy,
granulometry and organic content amongst other factors
(Loring and Rantala 1992, Thomas and Bendell-Young
1999, Kersten and Smedes 2002). High metal
concentrations in sediment do not, therefore,
automatically imply that contamination has occurred but
may simply reflect the natural mineralogical composition
of the parent material and granulometry and organic
matter content of the sediment. In fact, sediment with a
metal concentration compared to another
sediment sample may be metal contaminated and the
latter sample not. As a still further complication, despite
input and transport dissimilarities naturally occurring
and anthropogenically introduced metals tend to
accumulate in the same areas (Hanson et al. 1993).

lower

To meaningfully interpret metal concentrations in
sediment, the mineralogic and granulometric factors
that influence natural variation in metal concentrations
in the sediment must first be compensated for before
naturally occurring concentrations can be differentiated
from concentrations that have been enhanced through
anthropogenic contributions (Kersten and Smedes 2002).
This differentiation is commonly accomplished through
the procedure of normalisation, which mathematically
normalises metal concentrations in sediment to a co-
occurring element (the normaliser,
sometimes referred to as reference element) that
provides a tracer of crustal decomposition (Kersten and

conservative

Smedes 2002). Normalisation permits the definition of
metal baseline concentration models, which can be used
to determine whether test sediment samples are metal
contaminated.

Two forms of normalisation can be used, namely primary
(hereafter referred to as granulometric) and secondary
(hereafter referred to as geochemical) normalisation.
Granulometric normalisation involves the isolation of a
defined sediment grain size class by sieving, with the aim
of reducing the diluent effects of non-metal bearing
minerals (principally silica) in coarse-grained sediment.
Since grain size as a factor influencing metal
concentration variability has theoretically been
compensated for, metal concentrations in samples of
uncontaminated sediment derived from the same parent
material should be similar. Granulometric normalisation
is most applicable to the dominant metal bearing clay
fraction of sediment (<2 um; Kersten and Smedes 2002).
Metal concentrations in the clay fraction can, however,
vary considerably between regions due to the
contribution of non-metal bearing components in this
fraction (e.g. colloidal matter), and this often obfuscates
direct comparison of metal concentrations between
sieved sediment samples (Kersten and Smedes 2002).
Isolation of the clay fraction is also difficult and time
consuming, and hence costly (Birch and Snowdon 2004),
and often involves the collection and sieving of large
volumes of sediment to obtain sufficient material for
laboratory analysis (especially in the high-energy marine
environment where the fraction of fine-grained material
in the sediment is low). Furthermore, unless extreme
care is taken there may be significant leaching of
contaminants adsorbed onto sediment during the wet
sieving procedure. As a result, ‘coarser’ fractions of
sediment are more commonly isolated and analysed
(e.g. <62.5 um, <20 um; Sutherland 2000, Birch and
Snowdon 2004, Suh and Birch 2005). These fractions
may, however, still contain significant concentrations of
non-metal bearing quartz (Birch and Taylor 1999,
Kersten and Smedes 2002), and/or may have a different
mineralogy, with the result that observed variability in
metal concentrations often needs to be further
compensated through geochemical normalisation
(Forstner et al. 1982, Matthai and Birch 2001, Kersten
and Smedes 2002).

The basis for geochemical normalisation is that while
absolute metal concentrations vary between crustal
material from one region to another, the relative
proportions of metals within crustal material from a
particular region tend to be fairly constant (e.g. Turekian
and Wedepohl 1961, Taylor and McLennan 1981, Martin
and Whitfield 1983, Wedepohl 1995, Kersten and
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Smedes 2002). Since there is relatively little fractionation
between metals and aluminosilicates during the
weathering of parent material (Schropp and Windom
1988), metal concentrations in tend
consequently to reflect the relative proportions of
metals in the material from which they are derived. The
simplest geochemical normalisation approach is to
express the concentration of a metal relative to the co-
occurring concentration of a selected normaliser (usually
a metal) in a sediment sample and to then divide this by
the same ratio in anthropogenically unimpacted
geological material. This permits the definition of an
enrichment factor, EF = (M/N)sampie/ (M/N)paseine, Where
(M/N)sample is the metal:normaliser ratio in the sediment
sample and (M/N)paseiine is the metal:normaliser ratio in

sediment

the anthropogenically un-impacted geological material.
Although ratios for parent rock or regional sediment are
most desirable as the denominator, these data are
frequently not available and many workers substitute
this with a so-called ‘Clarke (average
concentration of the metal in the earth’s crust).
Enrichment factors of or below unity are taken as
indicating that the metal has a natural source and those
greater than unity that the metal is enriched relative to
the baseline or global average that was used. Although
widely used as a sediment metal enrichment assessment
tool, the calculated enrichment factor is dependent on
the ‘baseline’ data used and, consequently, has little
value if inappropriate data are used (see Covelli and
Fontolan 1997, Rubio et al. 2000, Reimann and de Caritat
2005). In a South African context there is, for example, a
gradient in the baseline concentration of chromium in
coastal sediment of equivalent granulometry along the
south-east and east coasts (see below), and evaluation
of data by application of the same Clarke value for
chromium fails to detect this anomaly. Rather, this
approach provides a very different and erroneous

value’

appreciation of chromium enrichment/contamination of
sediment. Clarke values, and by implication calculated
enrichment factors, do not incorporate the natural
variability in baseline concentrations of metals around
the average value. As demonstrated below, the baseline
concentration of a metal in sediment of a particular
granulometry does not comprise a single concentration,
but rather a range of concentrations. Unless the upper
concentration limit of this range
denominator, metal concentrations may be deemed as
enriched (i.e. EF > 1) relative to the parent material yet
they may fall within the natural concentration range for
the area. Some workers have compensated for this by
assuming that enrichment occurs at an enrichment
factor somewhat above unity, but this is an arbitrary
selection and there is often significant variation between

is used as the

the enrichment factor selected as the limit of natural
variability (e.g. 10 by Halstead et al. 2000, 2 by
Sutherland 2000).

The relative constancy of the proportions of metals in
sediment from a particular region and the usually strong
inverse correlation between metal concentrations and
sediment granulometry permits the use of an alternate
geochemical normalisation approach,
relationships between metal concentrations and the co-
occurring concentration of a normaliser that provides a
of crustal decomposition are
modelled through some form of regression analysis
(usually simple linear regression but occasionally
multiple linear regression). Simple linear regression
models defined in this manner are referred to as
baseline concentration models, or simply baseline
models. By quantifying the variability in metal
concentrations around the regression line (e.g. through
the definition of prediction limits), the range in
variability of baseline concentrations with an associated
level of confidence can be defined. These data can then
be compared to similarly normalised metal
concentrations measured in test sediment samples
(Figure 2). Sediment samples with metal concentrations
that fall within the baseline model prediction limits are
considered to fall within the expected baseline
concentration range, while metal concentrations that
plot above the model upper prediction limit are
considered to be enriched relative to the baseline
concentration and may have been enhanced through
anthropogenic contributions (see further discussion
below).

wherein

conservative tracer

The use of a metal as a proxy for the natural metal-
bearing phases of sediment (i.e. aluminosilicates)
requires that the metal meet several assumptions,
namely that it: 1. is highly refractory, 2. is structurally
combined to one or more of the major metal-bearing
phases, 3. co-varies in proportion to the naturally
occurring concentrations of the metals of interest, 4. is
insensitive to inputs from anthropogenic sources, and 5.
is stable and not subject to environmental influences
such as reduction/oxidation, adsorption/desorption and
other diagenetic processes that may alter sediment
concentrations (Luoma 1990). Several metals have been
used as normalisers, including aluminium (Schropp et al.
1990, Daskalakis and O’Connor 1995, Cooke and Drury
1998, Weisberg et al. 2000, Roach 2005, Newman and
Watling 2007), iron (Daskalakis and O’Connor 1995,
Schiff and Weisberg 1999, Tanner et al. 2000, Cobelo-
Garcia and Prego 2003, Newman and Watling 2007),
lithium (Loring 1990, 1991, Aloupi and Angelidis 2001,
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Figure 2. Demonstration of the use of baseline concentration
models for interpreting metal concentrations in sediment. The
baseline concentration model is for chromium in sediment
from KwaZulu-Natal coastal waters. The open symbols (O)
represent the chromium concentrations used to define the
model, while the numbered black symbols (@) represent four
hypothetical scenarios: 1. The concentration falls within the
model upper and lower 99% prediction limits (stippled lines)
and is therefore interpreted as falling within the expected
concentration range; 2, 3 and 4. The concentrations exceed the
model upper 99% prediction limit and thus reflect various
levels of enrichment that can subjectively be defined from low
(2) through to high (4). Situations 3 and 4 would be interpreted
as reflecting enrichment through anthropogenic contributions
(i.e. contamination) with a high level of confidence, but with a
far lower level of confidence in situation 2.

Veinott et al. 2001), rubidium (Grant and Middleton
1990), and caesium and cobalt (Matthai and Birch 2001,
Matthai et al. 2002, Roussiez et al. 2005). Aluminium and
iron are, however, most frequently used as the
normaliser. Of these, aluminium is generally considered
to be the best normaliser since it is a major constituent
of fine-grained aluminosilicates, with which the bulk of
trace metals are associated. Aluminium concentrations
consequently usually exhibit a strong inverse correlation
to grain size and a positive correlation to co-occurring
metal concentrations. Aluminium is also stable and not
affected by early diagenetic processes and strong redox
effects commonly observed in sediments (Kersten and
Smedes 2000), and is highly refractory. Although iron is
not as tightly incorporated into the crystal lattice of
aluminosilicates as is aluminium, iron oxide coatings,
which serve as a host for metals, are usually associated
with sediments in definite quantities related to the
sediment surface area. The concentration of iron
consequently usually also exhibits a strong positive
correlation to co-occurring concentrations of metals in
sediment (Rule 1986, Daskalakis and O’Connor 1995,
Kersten and Smedes 2002). A potential limitation for the
use of iron, however, is that it may be highly mobile in
anoxic sediments, leading to its enrichment at the
sediment surface through the deposition of iron oxides
(Finney and Huh 1989) or in deeper sediments as a result
of co-precipitation with sulphides (Gobeil et al. 1997),

and may lead to an underestimation of enrichment of
other metals when used as the normaliser.

Due to potential differences in the mineralogy of parent
material and different weathering processes leading to
the formation of sediment between riverine/estuarine
catchments, the most appropriate procedure for
differentiating between baseline and anthropogenically
introduced metal concentrations in sediment for any
particular coastal area (e.g. estuary) is to define baseline
concentration models and baseline concentrations
specific to that system. The definition of river/estuary
specific baseline concentration models is, however,
expensive due to the requirement for a relatively large
sample size and the need for coring to retrieve
anthropogenically un-impacted sediment in systems
where surface sediment is suspected of being
substantially impacted by anthropogenic inputs.
River/estuary specific models may also only have
applicability to the system for which they were defined
(Schropp et al. 1990), further increasing costs through
the need to develop models for each system. The
development of regional models that are applicable to a
variety of sediments over large areas is one way of
overcoming these problems and has received
considerable attention internationally, particularly in
North America (e.g. Schropp and Windom 1988, Windom
et al. 1989, Hanson et al. 1993, Daskalakis and O’Connor
1995, Summers et al. 1996, Schiff and Weisberg 1999).

Baseline concentration models for metals comprise a
linear regression flanked by upper and lower prediction
limits (either 95% or 99%; Figure 2). The prediction limits
define the range within which 95% or 99% of metal
concentrations should fall if they are at non-contaminant
concentrations. Thus, metal concentrations that fall
within the baseline model upper and lower prediction
limits are considered to fall within the baseline
concentration range for sediment from the area of
concern. Concentrations that plot above the upper
prediction limit represent enrichment (Figure 2). Metal
concentrations that plot above the model upper
prediction limit do not necessarily imply that the
enrichment has an anthropogenic source, but rather that
these concentrations are atypical of the data set used to
generate the model. Several possible reasons in addition
to anthropogenic inputs may lead to a metal
concentration exceeding model prediction limits (i.e.
enrichment). These include analytical errors, poor model
assumptions, the probability that metal concentrations
in some samples will naturally exceed the prediction
limit (in a normal population, at 99% prediction limit 1 in
every 100 concentrations could conceivably exceed the
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limit) and natural enrichment not captured by the
baseline data set (Schropp et al. 1990, Rae and Allen
1993). Therefore, interpretation of metal enrichment,
and ultimately whether this reflects contamination,
requires consideration of ancillary factors, including
possible (bio)geochemical processes leading to natural
enrichment, the absolute difference between measured
metal concentrations and model upper prediction limits,
the number of metals at a sampling site exceeding
model prediction limits, and the location of enriched
sediment relative to known or potential anthropogenic
metal sources. The greater the difference between a
measured metal concentration and model upper
prediction limit, the higher the number of metals
enriched in sediment from a particular site, and the
closer a metal enriched site is to a known or probable
anthropogenic source of metals, the greater the
likelihood that enriched metal concentrations are
enhanced through anthropogenic contributions and thus
reflect contamination.

14.1.2 Metal baseline concentrations in sediment
from South African coastal wasters

Geochemically normalised baseline concentration
models and baseline concentrations for a suite of trace
metals in sediment from Eastern Cape and KwaZulu-
Natal coastal waters have been defined by Newman and
Watling (2007) and the CSIR (unpublished data). Similar,
but less comprehensive data have also been generated
for coastal waters in the St Helena Bay and Saldanha Bay
areas of the Western Cape (CSIR unpublished data). The
trace metal concentration data have been used to define
baseline  concentration models and  baseline
concentrations following the procedures outlined by
Newman and Watling (2007). The reader should note
that certain trace metals, most notably arsenic, cadmium
and mercury, often do not show a strong linear and
positive relationship to the normalisers. In these cases,
an alternate procedure. based on cumulative frequency
plots of concentrations, was used to define baseline
concentrations. The baseline concentration models and

baseline concentrations are presented in Figure 3.

As is evident from Figure 3, it is evident that the baseline
concentrations of most trace metals in granulometrically
equivalent sediment are higher in KwaZulu-Natal
compared to Eastern Cape coastal waters. There are also
differences in the baseline concentrations for some
metals (e.g. cobalt, manganese and lead) between
sediment from Eastern Cape coastal waters and the St
Helena Bay and Saldanha Bay areas of the Western Cape.
The notable exceptions of higher metal concentrations in
sediment from KwaZulu-Natal coastal waters are arsenic

and especially cadmium, which are slightly and
substantially higher respectively in sediment from the St
Helena Bay and Saldanha Bay areas of the Western Cape
compared to the Eastern Cape and KwaZulu-Natal. It
must be reiterated that there is relatively little metal
concentration data for sediment from the Western Cape
coastal waters, with the result that the baseline
concentrations for the St Helena Bay and Saldanha Bay
areas might not provide a realistic reflection of baseline
concentrations for the entire region. The very high
cadmium concentrations measured in sediment from St
Helena Bay and Saldanha Bay are particularly interesting,
but there is no evidence that these concentrations were
enhanced through anthropogenic contributions. This
evidence comes from high concentrations in sediment
from both bays, and high concentrations in sediment far
from anthropogenic sources of metals in each bay. There
is furthermore no apparent significant anthropogenic
source of cadmium to each bay. Although it was long
considered that cadmium has no biological function,
cadmium does appear to be actively taken up by marine
phytoplankton in certain circumstances, such as when
zinc is limiting (Lee and Morel 1995, Lee et al. 1995,
Luoma et al. 1998). This behaviour has the effect of
concentrating low dissolved concentrations of the metal
into small particles. These particles may then either be
recycled within the bloom, or exported to the seabed
when the phytoplankton Sediment from
Namibian coastal waters has amongst the highest
cadmium concentrations in the world, which has been
attributed to the high productivity of these waters.
Whether the same explanation applies to the St Helena
and Saldanha Bay areas of the Western Cape is
uncertain, but possible.

senesce.

14.1.3 Inappropriate sediment quality guidelines
of the existing National Action List

As stated previously, the most significant limitation of
the existing National Action List is that the guidelines for
some metals are inappropriate for application in South
African coastal waters, because they specify metal
concentrations that are than  baseline
concentrations in some or all regions of the coastline.
The principle guidelines in this context are the Action
Level for cadmium and the Special Care Level for
chromium and nickel. This limitation is clearly illustrated
when the guidelines are compared to baseline
concentration models and baseline concentrations for
KwaZulu-Natal and Eastern Cape coastal waters, and for
the St Helena Bay and Saldanha Bay areas of the
Western Cape (Figure 4). The Special Care Level for
chromium intersects the baseline concentration models
for each of these regions, while the Special Care Level for

lower
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Figure 3. Baseline concentration models and baseline concentration distributions for various major and minor (trace) metals in
sediment from coastal waters in different regions of South Africa. A - KwaZulu-Natal, @ - Eastern Cape, [] - St Helena Bay and

Saldanha Bay areas of the Western Cape.

nickel intersects the baseline concentration model for
KwaZulu-Natal, albeit admittedly only in sediment
comprised predominantly of fine-grained material (as
interpreted through high aluminium concentrations).
The implication is that even though chromium and nickel
concentrations measured in sediment from these
regions may fall within the baseline concentration range,
these concentrations may nevertheless exceed the
Special Care Level and thus be interpreted as presenting
a potential risk to sediment-dwelling organisms. Strict
application of the existing National Action List would
identify being ‘moderately
contaminated’, and hence requiring further biological
assessment to inform decision-making. Clearly, the

these sediments as

conclusion and need for further biological assessment in

this situation is unwarranted and would incur

unnecessary delays and costs.

The Action Level for cadmium (1.5 ug.g'l) is considerably
higher than the baseline concentration for sediment
from KwaZulu-Natal and Eastern Cape coastal waters,
but is considerably lower than the highest concentration
(6.61 pg.g’) measured in sediment from the St Helena
Bay and Saldanha Bay areas of the Western Cape (Figure
4). The latter concentration is not much lower than the
Prohibition Level for cadmium (10 ug.g"l; Figure 4). As
mentioned previously, whether the metal concentration
data for St Helena Bay and Saldanha Bay areas are
appropriate to coastal sediment from the broader
Western Cape region is uncertain, but nevertheless
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Figure 4. Baseline concentration models and baseline concentration distributions for various major and minor (trace) metals in

sediment from coastal waters in different regions of South Africa compared to sediment quality guidelines of the existing National
Action List. The stippled horizontal lines represent the Action Level/Special Care Level and the dashed line the Prohibition Level. A
- KwaZulu-Natal, @ - Eastern Cape, [ - St Helena Bay and Saldanha Bay areas of the Western Cape.

indicates that at least in these areas the Action Level for
cadmium is of limited use for assessing sediment quality.

The Special Care Level for arsenic (30 ug.g"l) is only
slightly higher than the baseline concentration for the St
Helena Bay and Saldanha Bay areas of the Western Cape
(23.36 ug.g’, Figure 4). Again, whether this is a
significant limitation to the application of this guideline
is uncertain due to the paucity of metal concentration
data for the broader Western Cape region. The Special
Care Level for copper is also only marginally higher than
baseline concentrations in sediment from some areas of
KwaZulu-Natal, albeit again only in sediment comprised
predominantly of fine-grained material.

14.2 Limitation 2: Some guidelines are over-

protective and some possibly under-
protective
The narrative intent of the sediment quality guidelines
and Action Levels of the existing National Action List is
uncertain. However, it is assumed that the principle

intent is to protect sediment-dwelling organisms. It is
further presumed that the Action Level and Special Care

Level have intent comparable to Level | guidelines of
other sediment quality guidelines, namely to identify
chemical concentrations in sediment below which
adverse effects to sediment-dwelling organisms are
anticipated to be infrequently observed. Considering the
previous discussion on the inappropriateness of some
sediment quality guidelines of the existing National
Action List for application in South African coastal
waters, it is apparent that although the Level | guidelines
for some metals probably meet this narrative intent this
is due to the guidelines being over-protective (i.e. too
low). It is important to note that while concentrations
specified by the Action Level and Special Care Level are
within the range of Level | guidelines derived for
application in many jurisdictions/countries, this similarity
does not imply that the guidelines are appropriate.
Rather, it implies that the sediment quality guidelines
derived for application in many jurisdictions/countries
are inappropriate for application in South African coastal
waters.

The Prohibition Level for some metals is high and might
be under-protective. Based on comparison of the
Prohibition Level to Level Il guidelines for other
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jurisdictions/countries, there is reason to suspect that
metal concentrations falling between the Action
Level/Special Care Level and the Prohibition Level might
frequently be associated with adverse effects to
sediment-dwelling organisms. This said, if the intent of
the Prohibition Level is to identify chemical
concentrations in sediment that are likely to almost
always be associated with adverse effects to sediment-
dwelling organisms, which seems reasonable considering
the guideline terminology and which is also consistent
with the London Convention and London Protocol intent
for the upper Action Level, then the presumption of
under-protectiveness might not be relevant.

14.3

The existing National Action List provides summative
guidelines for Annex | and Annex Il metals that, if
exceeded, necessitate further biological assessment
before a decision is made on the suitability of the
material for unconfined, openwater disposal. For Annex |
metals, the Action Level and Prohibition Level are 1 pug.g’
'and 5 ug.g‘1 respectively, while for Annex Il metals the
Special Care Level and Prohibition Level are 50 ug.g‘1 and
500 ug.g‘1 respectively. Although additive effects of
certain contaminants has been identified through
laboratory experimentation (e.g. Plesha et al. 1988,
Swartz et al. 1988, Kraak et al. 1994, Norwood et al.
2003), the toxicity of metal mixtures cannot reliably be
predicted based on the toxicity of individual metals.
Antagonistic interactions have also been reported (e.g.
selenium has an antagonistic effect on mercury toxicity;
Oakden et al. 1984, Nuutinen and Kukkonen 1998, Chen
et al. 2001).

Limitation 3: Additive effects

Although  contaminant interactions do require
consideration, the illogicality of the existing National
Action List approach, notwithstanding the fact that
baseline concentrations for some metals in sediment
exceed 50 pg.g”’ (see previous discussion), is that the
Special Care Level for all but one of the Annex Il metals is
set at or exceeds 50 ug.g'l. In other words, if the
concentration of only a single Annex Il metal marginally
exceeds the Special Care Level, then it by implication
also exceeds the summative guideline.

14.4

Terminology used in the existing National Action List is
often confusing, as illustrated by the following examples.

Limitation 4: Confusing terminology

The Action Levels of an Action List can comprise one or
more assessment criteria. These can include, amongst
others, the volume of dredged material, concentrations
of chemicals in sediment, and defined biological effects.

However, the existing National Action List uses the term
Action Level to describe the Level | sediment quality
guideline for cadmium and mercury. The modified
National Action List in fact uses this term for the Level |
guidelines for all metals. The confusion created in this
context is self-evident, unless the intent was for the
assessment criteria of the Action Levels to comprise only
sediment quality guidelines. This is not the case,
however, since the original and modified National Action
Lists make specific and repeated reference to biological
assessment as a decision-making assessment criterion.

The Level | guideline for Annex | metals is referred to as
the Action Level and for Annex Il metals as the Special
Care Level in the original National Action List document.
Adopting separate terms for the Level | guideline for
Annex | and Annex Il metals is confusing and creates the
impression that Annex | metals are more worthy of
management case of guideline
exceedance compared to Annex |l metals, which
evidently only require Special Care. While this may

‘action” in the

indeed be a valid assumption considering that cadmium
and mercury are important contaminants of sediment
and mercury can biomagnify, the author suggests that a
single term be used to describe the Level | guideline for
Annex | and Annex Il metals.

The Level Il guideline for Annex | and Annex Il metals is
referred to as the Prohibition Level. This immediately
invokes the assumption that, when exceeded, dredging
and/or unconfined, openwater disposal of dredged
material is prohibited. This is consistent with the London
Convention and London Protocol intent for the upper
Action Level. However, the existing National Action List
document states that ‘If either of the Prohibition Levels
for the Annex | metals is exceeded, or if the Prohibition
Level of two or more of the Annex Il metals is exceeded,
dumping will not be allowed’. In other words, the
prohibition of unconfined, disposal of
dredged material does not necessarily depend on

openwater

exceedance of a Prohibition Level but on a number of
different metals exceeding a Prohibition Level. The term
prohibition is sufficiently prescriptive that a single
should provide
grounds for prohibiting the unconfined, openwater
disposal of dredged sediment.

exceedance of a Prohibition Level

The modified National Action List provides criteria for
determining whether unconfined, openwater disposal of
dredged material should be prohibited (Table 14).
Decision criterion (e) states that ‘If the combined level of
Annex Il metals is >1000 ug.g‘l, then biological testing is
required’. Decision criterion (f) states that ‘If either of
the Prohibition Levels for the Annex | metals is
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exceeded, or if the Prohibition Level of two or more of
the Annex Il metals is exceeded, dumping will not be
allowed’. A situation could arise, however, where the
concentration of arsenic and the concentration of either
chromium, copper, lead and nickel in a sediment sample
marginally exceed the Prohibition Level but the
combined concentration is still below 1000 ug.g'l. In this
situation, unconfined, openwater disposal of the
dredged material should immediately be prohibited
because concentrations of two Annex Il metals exceed
the Prohibition Level. However, in another situation the
combined concentration of Annex Il metals may exceed
>1000 ug.g"1 and presumably pose similar risks as the
abovementioned situation, but now there is no
prohibition until biological testing has
whether or not there is risk associated with unconfined,
openwater disposal of the material. Clearly, these
anomalous situations need to be avoided to the greatest
extent possible in the revised National Action List.

confirmed

The existing National Action List document repeatedly
states that sediment is considered uncontaminated
(‘trace or insignificant contamination’) if
concentrations fall below the Action Level or Special
Care Level, moderately contaminated if metal
concentrations fall between these and the Prohibition
Level, and highly contaminated if concentrations exceed
the Prohibition Level. Apart from the fact that these
conclusions for some metals are immediately invalidated
by the guidelines being lower than baseline
concentrations for some metals, sediment quality
guidelines/Action Levels are not intended to define
when contamination has occurred unless these are
based on geochemical considerations and are calibrated
to sediment grain size variability. This is not the case for
the sediment quality guidelines of the existing National
Action List. This is notwithstanding the fact that when a
Level | guideline is exceeded contamination should
already have occurred, the degree of contamination
determined by the guidelines conservativeness.

metal

Lastly, the term ‘heavy metal’ should not be used since it
has no scientific basis. Although this term is often used
in the context of so-called toxic metals and is understood
by the general public as such, there is in fact nothing
‘heavy’ about many of the metals that are frequently
associated with adverse biological effects. Use of the
term as a synonym for toxic or ‘bad’ metals is unjustified
given that toxicity is a function of the chemical
properties of the element/compound and the biological
properties of the organism at risk. In fact, all
metals/elements are toxic in certain forms and in
sufficiently high doses, and not only the ‘heavy metals’.
A more apt term is trace metals.

14.5

The existing National Action List document makes
explicit and repeated reference to biological assessment
as a criterion for decision-making. The document does
not, however, provide guidance on the type of biological
assessment required under different circumstances (e.g.
acute versus chronic toxicity testing, toxicity testing
versus bioaccumulation testing), nor how the results of
biological assessment should be used for decision-
making. This limitation must be addressed in the revised
National Action List, either through the explicit inclusion
of biological assessment tools and guidance on their use
for decision-making, or through the removal of biological
assessment as a line of evidence until such time as
biological assessment tools are sufficiently advanced in
South Africa for their inclusion.

Limitation 5: Biological testing

14.6 Limitation 6: Too much emphasis on

metals

Although the existing National Action List provides
guidelines for various potential contaminants in
sediment, the overwhelming emphasis is on metals. In
fact, decisions on the suitability of dredged material for
unconfined, openwater disposal in South Africa are
based almost exclusively on metal concentrations.

Other chemicals could conceivably be adversely affecting
sediment-dwelling organisms when the concentrations
of all metals are too low to cause such effects. Organic
contaminants (e.g. polycyclic aromatic hydrocarbons,
polychlorinated biphenyls) are of particular concern in
this regard, since many of these chemicals have a high
bioaccumulation and biomagnification potential (e.g.
Sorenson et al. 2007) and are known or strongly
suspected endocrine disruptors and carcinogens. In
contrast, very few metals can be bioaccumulated to any
significant degree and even fewer can be biomagnified.

The emphasis on metals may thus lead to a situation
where sediment that is significantly contaminated with
organic contaminants is considered suitable for
unconfined, openwater disposal
concentrations are below the Level | guideline.

because all metal

15. Implications of the London
Convention and London Protocol for
revision of the National Action List

As mentioned elsewhere in this report, the Waste
Assessment Guidelines of the London Protocol state
‘Each Contracting Party shall develop a national Action
List to provide a mechanism for screening candidate
wastes and their constituents on the basis of their
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potential effects on human health and the marine
environment’, and that ‘An Action List shall specify an
upper level and may also specify a lower level’. The
Waste Assessment Guidelines are clear on the intent of
the upper and lower Action Levels, as follows: ‘The
Upper Level should be set so as to avoid acute or chronic
effects on human health or on sensitive marine
organisms representative of the marine ecosystem. The
upper Action Level is intended to provide a definitive
decision, namely prohibition of the waste under
consideration for marine disposal unless it is further
managed. Application of an Action List should result in
three possible categories of waste:

1. wastes which contain specified substances, or which
cause biological responses, exceeding the relevant
upper level shall not be dumped, unless made
acceptable for dumping through the
management techniques or processes;

2. wastes which contain specified substances, or which
cause biological responses, below the relevant lower
levels should be considered to be of Ilittle
environmental concern in relation to dumping; and

3. wastes which contain specified substances, or which
cause biological responses, below the upper level but
above the require more detailed
assessment before their suitability for dumping can
be determined’.

use of

lower level

Given that the intent of upper and lower Action Levels is
different, it is not essential that the same approach or
the same narrative intent be used to formulate both
Action Levels. The requirement that the upper Action
Level should be ‘set so as to avoid acute or chronic
effects on human health or on sensitive marine
organisms representative of the marine ecosystem’ is
prescriptive enough that the Action List should have a
biologically protective function, for both acute and/or
chronic effects. Furthermore, the stipulation that ‘acute
or chronic effects’ should be avoided has implications for
the revised National Action List insomuch that these
effects have different implications for the definition of
guidelines (i.e. level of protection required) and the type
of biological testing that may be required.

The Waste Assessment Guidelines state further that ‘In
selecting substances for consideration in an Action List,
priority shall be given to toxic, persistent and bio-
accumulative substances from anthropogenic sources
(e.g., cadmium, mercury, organohalogens, petroleum
hydrocarbons and, whenever relevant, arsenic, lead,
copper, zinc, beryllium, chromium, nickel and vanadium,
organosilicon compounds, cyanides, fluorides and
pesticides or their by-products other than

organohalogens)’. Although the list is not prescriptive,
inclusion of persistent and especially bioaccumulative
substances has implications for the National Action List
in that, as discussed elsewhere in this report, the it
places an overwhelming emphasis on metals for
decision-making. Although the DEA called for a review
and updating of only the metals included in the Action
List, the process followed in this context will have
implications for the review of other potential chemical
contaminants included in the action List.

16. Implications of the Integrated
Coastal Management Act for
revision of the National Action List

Section 73 of the ICM Act states that:

(3) The Minister must progressively and subject to
available resources, develop a national action list to
provide a mechanism for screening waste and other
material on the basis of their potential effect on
human health and the marine environment.

(4) The national action list must—

(c) be developed in accordance with the Waste
Assessment Guidelines set out in Schedule 2; and
(d) contain the prescribed information.

As mentioned previously, Schedule 2 of the ICM Act is a
verbatim extract of Annex 2 of the London Protocol.
Addressing the requirements of the Waste Assessment
Guidelines will thus address the requirements of the
London Protocol and the ICM Act. As intimated in the
condition that ‘The Minister... progressively and subject
to available resources....” provides the option for a
progressive formulation/revision of the National Action
List, as dictated by available resources.

17. Factors to consider and options for
revising the sediment quality
guidelines of the existing National
Action List

This section discusses various factors that need to be
considered and provides options for the revision of the
sediment quality guideline component of the existing
National Action List. Although the predominant focus is
on metals, similar factors and options apply to other
chemicals that might be considered for inclusion in the
revised National Action List. Stakeholders should note
that when formulating a response to several of Key
Issues highlighted in the text of this section, it will be
necessary to first consider information in all subsections
and in some cases also in subsequent sections of the
report.
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17.1 Should sediment quality guidelines be

defined for different management

objectives?
As far as the author could determine, sediment
management objectives have not been identified for any
aquatic ecosystem in South Africa. The importance of
sediment management objectives is that these define
the level of protection required and identify the
indicators needed to measure attainment. There is
growing recognition that while the same level of
environmental quality for all aquatic ecosystems is
desirable, many  aquatic  ecosystems  sustain
economically important activities that impair water and
sediment quality and associated organisms. For example,
ports are essential to the trade of goods between South
Africa and the rest of the world, but there are inevitably
higher concentrations of contaminants in water and
sediment from ports compared to similarly sheltered
habitats due to the nature of port activities. These
impacts  will irrespective  of management
interventions to reduce contaminant input. A simple
example is the release of contaminants from antifouling
coatings on the hulls of ocean going vessels. The coatings
reduce marine organisms (e.g. mussels, barnacles) from
settling on (fouling) vessel hulls. This is important as
fouling increases drag and consequently has cost
implications, since more fuel is required to travel from
one point to another. Antifouling coatings achieve their
effect by the slow release (leaching) of active biocides
incorporated into the coating. Copper, for example, is an
important biocide in coatings. Release of the biocide
proceeds unabated, including in port environments.
These ‘unavoidable’ or difficult (read costly) to manage
sources of contaminants to some environments has led
some jurisdictions/countries to define environmental
quality objectives and targets for aquatic ecosystems
according to their designated uses. Environmental
quality objectives and targets for a commercially
important port are thus set differently to those for an
estuary within a rural setting, or in a designated
conservation area. It should be noted, however, that
defining different levels of protection for systems does
not imply tacit approval for unregulated environmental
degradation.

occur

A revised National Action List that comprises two Action
Levels will inherently provide two levels of protection.
The critical issue, however, is whether either or both of
the guidelines should provide an equivalent level of
protection as that afforded in, for example, an estuary
situated distant from or relatively un-impacted by
anthropogenic disturbances (including contaminant
inputs). If so, then the same sediment quality guidelines

can be designated for all coastal aquatic ecosystems
within particular regions of South Africa. This would have
the benefit of simplifying assessment. If the same level
of protection is not considered attainable, however,
then the implication is that the sediment quality
guidelines of the revised National Action List will differ
from those used, for example, for estuaries in rural
settings.

Key Issue:

1. Should the level of protection afforded to sediment-
dwelling  organisms differ between coastal
ecosystems designated for different uses (e.g. ports
and dredged spoil disposal grounds versus estuaries
in rural settings with a predominantly recreational
and subsistence use)?

17.2 Narrative intent of sediment quality
guidelines

Following on from the above discussion, the first factor
that needs to be resolved in the formulation of sediment
quality guidelines for the revised National Action List is
the narrative intent of the guidelines. The author has
assumed that the sediment quality guidelines of the
revised National Action List will, as is the situation for
the existing National Action List, comprise two
guidelines, that is, Level | and Level Il guidelines. The
narrative intent is, in essence, a statement on what the
guidelines are intended to protect and the level of
protection afforded. For example:

Level | and Level Il sediment quality guidelines are
designated for the protection of sediment-dwelling
organisms, such that:

e The Level | guideline is identify
contaminant concentrations at or below which
adverse effects to sediment-dwelling organisms are
unlikely to be observed.

e The Level Il guideline is identify
contaminant concentrations above which adverse
effects to sediment-dwelling organisms are likely to
be frequently observed.

intended to

intended to

The terms ‘unlikely’ and ‘frequently’ in this example are
defined through the sediment quality guideline
derivation approach, but ultimately are defined by the
level of protection that stakeholders consider necessary
or acceptable. For example, the Effects Range sediment
quality guidelines derived by Long et al. (1995) consider
the 10" percentile of adverse effects to be consistent
with the narrative intent of ‘unlikely to be observed’ and
the 50" percentile as consistent with ‘likely to be
frequently observed’. Another jurisdiction/country
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/worker might, however, decide that the 15" and 75"
percentiles are consistent with ‘unlikely to be observed’
and ‘likely to be frequently observed’ respectively.

The Waste Assessment Guidelines of the London
Protocol provide guidance in the context of the narrative
intent of the Action Levels of an Action List in that it
states ‘An Action List shall specify an upper level and
may also specify a lower level. The Upper Level should
be set so as to avoid acute or chronic effects on human
health or on sensitive marine organisms representative
of the marine ecosystem’. In other words, the narrative
intent of a Level Il sediment quality guideline in the
context of dredged material disposal is for the protection
of sediment-dwelling organisms against acute or chronic
toxic effects. However, it is uncertain whether acute or
chronic effects should be avoided, or both. This is
important
concentrations somewhat below those at which acute
effects occur. Of course, the sediment quality guidelines
could be derived to be protective of both of acute and
chronic effects. The Waste Assessment Guidelines do not
provide guidance on the narrative intent for the Level |
guideline.

since chronic effects can occur at

There thus appears to be leeway in considering acute or
chronic effects, or both. However, the proportion of
sediment-dwelling organisms that should be protected is
not prescribed. For example, a Level Il guideline might be
set conservatively, such that the probability for acute
and/or chronic effects to even sensitive sediment-
dwelling organisms is low, or it could be set leniently
such that there is a high probability that acute and/or
chronic effects would have manifested in sensitive
receptors at a lower concentration than specified by the
guideline. The decision in this context will revolve
around the need to balance the incidence of false
positives and false negatives, and as discussed later also
socio-economic factors.

As stated elsewhere in this report, there are virtually no
matching sediment chemistry and biological effect data
for sediment from South African coastal waters.
Consequently, it will be impossible to determine
whether the sediment quality guidelines of the revised
National Action List provide a level of protection that is
consistent with their narrative intent. The metal baseline
concentrations discussed previously provide
guidance in defining appropriate Level | guidelines, by
identifying guidelines that are clearly not suitable
(discussed below). But they are of no use in determining
when adverse effects to sediment-dwelling organisms
are likely to manifest at higher concentrations.

some

Nevertheless, a decision on whether the guidelines
should err on the side of caution (i.e. protectiveness) will
need to be made. The nearer that metal (and other
chemical) concentrations specified by the Level | and
Level Il guidelines of the revised National Action List are
to their baseline concentrations in sediment the higher
the level of protection afforded to sediment-dwelling
organisms. If the sediment quality guidelines and other
decision criteria of the revised National Action List are so
protective that further frequently
required, or in the extreme situation unconfined,
openwater disposal of dredged sediment is frequently
prohibited, then this will have obvious and significant
socio-economic implications. In fact, whether South
Africa is even in a position to prohibit the unconfined,
openwater disposal of dredged sediment is debatable
since we do not presently have the technical expertise
and facilities and the financial resources to consider
alternate disposal (e.g. confined disposal facilities) or
sediment remedial options, at least not for large
volumes of sediment. These realities are juxtaposed with
the responsibility to protect South Africa’s natural
resources and the government’s obligations to
international conventions that not only seek to reduce
our impact on coastal ecosystems but to do so through
the precautionary principle. In the absence of data
against which to make a decision on the level of
protectiveness afforded by sediment quality guidelines,
the precautionary principle implies that sediment quality
guidelines should err on the side of conservativeness,
that is, be over- rather than under-protective. As stated
by Apitz et al. (2004), contaminated sediment
management is complex and multivariate, involving a
careful balance of science, politics, and economics. As is
true for most complex issues, a single correct way to
address a problem does not exist, but depends on the
ecological, political, and economic goals of all interested
parties. Any decision on the formulation of the sediment
quality guidelines and other decision-making criteria of
the revised National Action List will need to consider
these competing demands and realities.

assessment is

Key issue:

2. Should the sediment quality guidelines of the revised
National Action List comprise more than two
guidelines, to take into account different
management objectives?

17.3 Derive sediment quality guidelines
using empirical data

Ideally, the sediment quality guidelines of the revised
National Action List should be derived from matching
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sediment chemistry, toxicity and benthic invertebrate
community data. However, as mentioned above there
are virtually no such data for coastal waters in South
Africa. Therefore, derivation of empirically-based
sediment quality guidelines for inclusion in the revised
National Action List is not an option at this time.

The lack of this data means that the generation of
matching sediment chemistry, toxicity and benthic
invertebrate community data assumes a high level of
priority. Strategies for the generation of such data thus
need to be developed and implemented.

17.4 Derive sediment quality guidelines
using the Sediment Background
approach

The Sediment Background approach is the most intuitive
and straightforward approach for deriving sediment
quality guidelines for the revised National Action List
considering that there is a relatively good understanding
of the baseline concentrations of toxicologically relevant
metals in sediment from several regions of the South
African coastline. For those regions of the coastline
where data are not available or are insufficient for the
definition of baseline concentrations with a high level of
confidence, the data could be generated within a
reasonable period and at a reasonable cost. The
Sediment Background approach has been used to derive
sediment quality guidelines for Action Lists in several
countries, especially Level | guidelines but in some cases
also Level Il guidelines (see section 12 above).

The Sediment Background approach does, however,
have a number of important limitations. Firstly, metal
baseline concentrations are often site-specific, because
of the often significant differences in the provenance
and mineralogy of sediment between regions. It is for
this reason that baseline concentrations for metals
should ideally be defined at the system specific level
(e.g. for individual estuary). Section 14.1.2 provided
evidence for significant differences in the baseline
concentrations of several metals between regions of the
South African coastline, which presumably reflect
differences in the geology of the sediment parent
material. While baseline concentrations of metals in
sediment have been defined for Eastern Cape and
KwaZulu-Natal coastal waters, it is not certain whether
these concentrations apply to all coastal areas within the
regions. This is because an often significant proportion of
the metal concentrations used to define the baseline
models were extracted from sediment collected from
relatively few locations. Recent evidence has shown, for
example, that the KwaZulu-Natal baseline concentration

models for some metals in do not apply to sediment
from estuaries in the Durban area. Data for estuaries in
this area was intentionally not used for baseline model
definition, because of the high probability for metal
contamination of the sediment.

Baseline concentrations have not been defined for some
regions of the South African coastline, but these
generally fall outside of the areas where dredging is
frequently performed. Although metal baseline
concentrations for sediment from the St Helena Bay and
Saldanha Bay areas of the Western Cape are presented
in this report, there is insufficient data from
anthropogenically un-impacted sites in this region for
the definition of scientifically defensible baseline
concentrations at this time. It is impossible, therefore, to
determine whether the (evidently naturally) high
cadmium concentrations measured in sediment from
some areas of the Western Cape apply to all areas of this
region.

A second limitation is that while baseline metal
concentrations have been defined for certain regions of
the coastline, the metal concentration data were not
always generated using a consistent analytical
procedure. Thus, some studies used a total digestion
procedure to extract metal concentrations from
sediment, while others used near-total digestion. These
methods extract different proportions of metals from
sediment and probably account for some of the
differences observed between studies. For example,
while there is generally good agreement between
baseline concentrations for metals defined by Newman
and Watling (2007) for Eastern Cape coastal waters,
there are differences to baseline concentrations for
some metals recently defined by the CSIR for the Algoa
Bay area of this coastline (unpublished data). The reason
for these differences is uncertain, but a difference in
method extraction efficiency has been identified as a
possible cause. A further limitation is that a consistent
suite of metals have not been consistently targeted,
making it difficult to compare baseline concentrations
for some metals between regions.

A further limitation of the Sediment Background
approach is that it is impossible to define a single
baseline concentration for most metals. As discussed
elsewhere in this report, the concentrations of most
metals in sediment are inversely correlated to sediment
grain size. Using the baseline concentration for
chromium in sediment from KwaZulu-Natal coastal
example (Figure 5),
concentration at co-occurring aluminium concentrations
(which are a proxy for grain size) at 10, 20, 30 mg.g ", and

waters as an the baseline
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Figure 5. An example of why a single baseline concentration
cannot be defined for many trace metals in sediment. The
solid, triangular symbols (A) represent concentrations of
chromium at the upper 99% prediction limit of the baseline
concentration model for KwaZulu-Natal coastal waters at three
corresponding aluminium concentrations, namely 10, 20 and
30 mg.g"l. The change in chromium concentrations with
sediment grain size (aluminium as proxy) means that a single
baseline concentration for chromium cannot be defined.

so forth is different. In this case, the respective
chromium concentrations at the baseline model upper
99% prediction limit are 45.53, 69.80 and 94.07 ug.g‘l. In
essence, therefore, baseline concentrations need to be
defined for specific ‘categories’ of sediment, as defined
by its grain size (in this case the mud fraction would the
most reliable proxy). The principle problems with
defining baselines for ‘categories’ of sediment is that it
will result in a complex, cumbersome assessment
process, since each ‘category’ would need to have an
Action Level/s defined. A further problem is that the
relationship between the grain size and metal content of
sediment from many regions of the South African
coastline has not been adequately defined and this will
in turn make it difficult to define Action Levels. The
highest aluminium concentration measured in sediment
from an area can be used to define sediment quality
guidelines using the Sediment Background approach, but
since the metal concentrations used in the baseline
models were not collected in a sufficiently random basis
there will be some inconsistency between regions.

The most significant and intractable limitation of the
Sediment Background approach, however, is that the
derived sediment quality guidelines do not have an (at
least not intentional) toxicological basis. The reason is
that chemicals do not all begin to exert toxicity at the
same proportional level of exceedance of a baseline
concentration, either within or between regions. We
can, therefore, only guess at what level of exceedance
adverse effects to sediment-dwelling organisms might
begin to manifest, and when they would become serious
and so forth. This can demonstrated by comparing the
ratio between Level | and Level Il guidelines (Table 15).

Using copper and zinc as an example, the Level Il
guideline for copper in the Long et al. (1995) sediment
quality guidelines is about 8 times higher than the Level |
guideline, but the Level Il guideline for zinc is about 2.7
times higher than the Level | guideline. This example
demonstrates that adverse biological effects do not
begin to manifest at the same level of exceedance of a
baseline concentration for different metals. The
differences in toxicity between chemicals arise because
their bioavailability is dependant on numerous factors
and processes in sediment, many of which are not
properly understood, and which vary between chemicals
and sites. Furthermore, some metals are essential
elements for the normal physiological functioning of
organisms. Defining sediment quality guidelines for
metals on the basis of a defined proportional
exceedance of a baseline concentration is therefore not
defensible from a toxicological perspective.

The derivation of sediment quality guidelines using the
Sediment Background approach thus involves consensus
on the level of contamination considered ‘acceptable’
before management intervention is required, and/or on
socio-economic or political decisions. Of course, the
uncertainty of this approach from a toxicological
perspective can be reduced by defining classes of
exceedance of the baseline concentration such that an
Action List comprises more than two Action Levels (e.g.
Class 1 = 1 - 30% exceedance, Class 2 = 31 - 60%
exceedance, and so on). Each class could then have
associated administrative rules for decision-making.

Despite the limitations of the Sediment Background
approach for deriving sediment quality guidelines, the
approach has merit and has been used for this purpose
by several jurisdictions/countries. Although the author
recommends that this approach be considered only in
the event that none of the options identified below is
deemed suitable by stakeholders for the formulation of

Table 15. Proportional difference between the Level | (ERL —
Effects Range Low) and Level Il (ERM — Effects Range Median)
guidelines of the sediment quality guidelines derived by Long
et al. (1995).

Proportional

Metal ERL ERM difference
Arsenic 8.2 70 8.54
Cadmium 1.2 9.6 8.00
Chromium 81 370 4.57
Copper 34 270 7.94
Mercury 0.15 0.71 4.73
Nickel 20.9 51.6 2.47
Lead 46.7 218 4.67
Zinc 150 410 2.73
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sediment quality guidelines for the revised National
Action List, a decision on the suitability of this approach
must be reached through consensus. One option is to
use the Sediment Background approach for the
definition of a warning level guideline, which could
define concentrations of metals lower than the Level |
guideline and have the intent of identifying (warning of)
incipient contamination. If so, then a decision needs to
be made on the proportional exceedance of baseline
concentrations that will be used to define the warning
level, and whether any administrative rules (e.g. further
assessment) should be attached to the guideline. The
concept of a warning level and an examples is provided
in a subsequent section of this report.

Irrespective of whether the Sediment Background
approach is used to formulate sediment quality
guidelines for the revised National Action List, baseline
metal concentrations provide a powerful, scientifically
defensible tool for identifying whether sediment is metal
contaminated. As such baseline metal concentrations
provide a line of evidence that can and should be
incorporated into the revised National Action List and
Dredging Assessment Framework.

Key Issue:

3. Should the Sediment Background approach be
considered the preferred approach for deriving
sediment quality guidelines for the revised National
Action List? If so, what proportional exceedance of
the baseline concentrations should be used to define
the Level | and Level Il guidelines?

Alternately, should the Sediment Background
approach be used to define a warning level? If so,
what proportional exceedance of the baseline
concentrations should be used to define the warning
level? If a warning defined, should
administrative rules be attached to the warning level,
or should it be used merely as a basis for warning of
incipient contamination?

level is

17.5 Define sediment quality guidelines
using the Equilibrium Partitioning
approach

As discussed previously, the Equilibrium Partitioning
approach has been used to derive sediment quality
guidelines in some jurisdictions/countries. The primary
advantage of this approach is that, unlike other
approaches for deriving sediment quality guidelines, it
accounts for bioavailability. The most significant
limitation of the approach is that it is suitable for

deriving guidelines for relatively few chemicals that are
of interest in sediment quality assessments. For
example, this approach is suitable for deriving sediment
quality guidelines for five of the 9 - 11 trace metals that
are typically of interest in sediment quality assessments.
If this approach is adopted, then sediment quality
guidelines for some metals will need to be derived using
an alternate approach.

Although the author recommends that this approach be
considered only in the event that none of the options
identified above and below is deemed suitable for
formulating sediment quality guidelines for the revised
National Action List, the decision on the suitability of this
approach must be reached through consensus. The
Simultaneously Extracted Metal/Acid Volatile Sulphide
approach, which is based on equilibrium partitioning, has
merit as a further assessment tool and is discussed in a
subsequent section of this report.

Key Issue:

4. Should the Equilibrium Partitioning approach be
considered the preferred approach for deriving
sediment quality guidelines for the revised National
Action List?

17.6 Adopt sediment quality guidelines
from another jurisdiction/country

In the absence of (sufficient) matching sediment
chemistry, toxicity and benthic invertebrate community
data for the derivation of empirically-based sediment
quality guidelines, several jurisdictions/countries (e.g.
Australia, Hong Kong, New Zealand) have adopted (with
minor modifications to take into account local
conditions) sediment quality guidelines derived for
application in another jurisdiction/country. Other
jurisdictions/countries are also considering this approach
(e.g. France, see Babut et al. 2003). Although the
adoption of sediment quality guidelines from another
jurisdiction/country is intuitively appealing, since it
eliminates the effort and costs of generating empirical
data, several issues require careful consideration.

The narrative intent of sediment quality guidelines
considered for adoption must be consistent with the
narrative intent identified by the adoptee jurisdiction/
country. Of course, the adoptee jurisdiction/country can
simply adopt sediment quality guidelines that are
consistent with a pre-defined narrative intent and
sediment management needs, or frame the narrative
intent as per the adopted guidelines. Many
jurisdictions/countries use the Level Il guideline of
Action Lists as the basis for identifying dredged material
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that is unsuitable for unconfined, openwater disposal.
There is little point then in adopting a Level Il sediment
quality guideline that has the narrative intent of
identifying contaminant concentrations in sediment
above which adverse effects to sediment-dwelling
organisms are likely to be frequently observed when the
guideline is intended for definitive use. Depending on
the definition of ‘frequently observed’ in the sediment
quality guideline derivation process (e.g. above 50"
percentile of adverse effects), there is a strong possibility
that unconfined, openwater disposal of sediment could
be prohibited because contaminant concentrations
exceed the guideline but the sediment may in fact not
have been toxic. As discussed previously, the narrative
intent of the sediment quality guidelines of the revised
National Action List must still be defined. It is not
possible therefore to identify candidate sediment quality
guidelines that are consistent with the narrative intent,
since the narrative intent is unknown. Consequently, a
subsequent section of this report identifies candidate
sediment quality guidelines for the revised National
Action List regardless of their narrative intent.

An inherent assumption when adopting sediment quality
guidelines from another jurisdiction/country is that
sediment in both areas has a similar mineralogy. In other
words, baseline concentrations of metals are similar in
both areas. This is usually not the situation, but is often
not considered. As discussed elsewhere in this report,
the mineralogy of sediment parent material along the
South African coastline is variable, with the result that
baseline concentrations of some metals differ between
regions. If there are differences in the mineralogy of
sediment parent material between the jurisdictions/
countries, then the adopted sediment quality guidelines
will not afford the level of protection to sediment-
dwelling organisms as per their derivation intent. Due to
the importance of baseline concentrations when
considering sediment quality guidelines for adoption, a
subsequent section of this report screens candidate
sediment quality guidelines for inclusion in the revised
National Action List against baseline concentrations for
metals in sediment from South African coastal waters.

A further, inherent assumption (and linked to the
assumption discussed above) is that sediment-dwelling
organisms in the adoptee jurisdiction/country exhibit a
similar sensitivity and tolerance to contaminants
compared to the jurisdiction/country for which the
sediment quality guidelines were derived. This is not
necessarily the case. Fauna and flora have evolved in the
presence of metals and exhibit geographic distributions
that reflect variable requirements for and tolerance to

There is evidence that water and
quality guidelines cannot simply be
extrapolated from one (climatic) region to another and
be expected to provide the same level of protection (e.g.
Chapman and Mann 1999, Chapman et al. 1999,
Chapman and Riddle 2005, Chapman et al. 2006, Kwok et
al. 2007). Kwok et al. (2007), for example, reported
differences in the sensitivities of tropical and temperate
freshwater animals to a number of chemicals. Tropical
species were found to be more sensitive to ammonia,
phenol, and chlorpyrifos, whereas temperate species
were generally more sensitive to metals. The significance
is that all empirically-based sediment quality guidelines
that can be considered as candidates for the revised
National Action List have been derived for application in
North American and European coastal waters, which are
by and large temperate (warm or cool temperate) and in
some cases border on polar in nature. While these
sediment quality guidelines may be appropriate for
cooler waters of the western, southern and possibly
even south-eastern coasts of South Africa, they may not
be appropriate to sub-tropical waters along the east
coast.

certain metals.
sediment

Jurisdictions/countries that have adopted sediment
quality guidelines have done so for the reason that there
is insufficient data for the derivation of empirically-based
sediment quality guidelines. As mentioned previously,
this leads to the problem that because there are
insufficient data to derive empirically-based sediment
quality guidelines there are also insufficient data for the
adoptee jurisdiction/country to evaluate whether the
sediment quality guidelines are performing per their
narrative intent. Several studies have shown that the
performance (predictive ability) of sediment quality
guidelines is variable when they are applied in areas for
which they were not derived (O’Connor et al. 1998, Long
et al. 1998, MacDonald et al. 2000, Field et al. 2002,
Vidal and Bay 2005). This said, other studies have shown
that sediment quality guidelines adopted from a
jurisdiction/country appear to broadly perform
according to their narrative intent in the adoptee
jurisdiction/country, even though they may be separated
by many thousands of kilometres (e.g. McCready et al.
2006).

Although there are numerous limitations to adopting
sediment quality guidelines from another jurisdiction/
country for the revised National Action List, this is
nevertheless a feasible approach, not least because
guidelines for metals and other chemicals can be
adopted at the same time. This option is explored in
more detail in a subsequent section of this report.
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Key Issue:

5. Should the adoption of sediment quality guidelines
from another jurisdiction/country be considered the
preferred approach for formulating sediment quality
guidelines for the revised National Action List?

17.7 Remove or replace only the
inappropriate guidelines of the existing
National Action List

As discussed previously, certain Level | guidelines for
metals in the existing National Action List are
inappropriate for application to some or all regions of
the South African coastline, because the guideline
concentrations are lower than baseline concentrations.
One option is to replace entirely the Level | guidelines of
the existing National Action List, or to replace/modify
only the inappropriate Level | guidelines. The
inappropriate guidelines could, for example, be derived
using the Sediment Background approach, or could be
replaced by a Level | guideline from another jurisdiction/
country. Similarly approaches could be used to replace
all Level | guidelines. None of the Level Il guidelines are
inappropriate for application in South African coastal
waters, but this does not imply that they provide an
appropriate level of protection and/or are consistent
with a narrative intent that might be identified for the
guidelines/Action Levels of the revised National Action
List.

This option is no more or less defensible than the
options identified above and below. The main
implication is that the Level | guidelines for each metal in
the revised National Action List will not have the same
derivation approach if only inappropriate Level |
guidelines are replaced.

Key Issue:

6. Should only inappropriate Level | guidelines of the
existing National Action List be replaced, or all Level |
guidelines? If so, what approach should be used to
derive/formulate the guidelines?

17.8 Formulate sediment quality guidelines

using a hybrid approach

The sediment quality guidelines of the revised National
Action List could be formulated using a hybrid approach,
wherein the Level | guidelines are derived using the
Sediment Background approach and the Level i
guidelines are adopted from another jurisdiction/
country. This approach has been followed in some
jurisdictions/countries (e.g. Finland).

Key Issue:

7. Should the sediment quality guidelines of the revised
National Action List be formulated using a hybrid
approach?

18. Identification of candidate sediment
quality guidelines for the revised
National Action List

As discussed above, perhaps the most suitable approach
for revising the sediment quality guidelines of the
existing National Action List is to adopt sediment quality
guidelines from another jurisdiction/ country. There are
a large number of sediment quality guidelines in the
published and grey literature that could conceivably be
adopted. In fact, the sheer number of sediment quality
guidelines, the wide range (several orders of magnitude;
see Chapman and Mann 1999) of concentrations
specified for the same metal between comparable
guidelines (e.g. Level | guideline), and the lack of
consensus on the most appropriate approach for
deriving sediment quality guidelines makes this decision
a daunting task.

To narrow the list of sediment quality guidelines for
consideration, peer-reviewed scientific publications and
government reports dealing with sediment quality
guidelines that were published on or after 1990 were
identified. Sediment quality guidelines in the
publications and reports were collated and screened to
include only those that are frequently used to assess
sediment quality by regulatory authorities and research
scientists. Twenty-seven sediment quality guidelines that
were derived using the Effects Range, Effects Level,
Apparent Effects Threshold, Screening Level, and
Sediment Background approaches identified
through this process. These included sediment quality
guidelines from Action Lists that are specifically used by
jurisdictions/countries for assessing the
suitability of dredged material for unconfined
openwater, disposal. Sediment quality guidelines derived
using the Equilibrium Partitioning approach were not
considered, due to the relatively limited number of
chemicals for which guidelines can be derived through
this approach.

were

various

Several criteria were used to further screen the
sediment quality guidelines. Firstly, only sediment
quality guidelines that are appropriate to bulk sediment
(i.e. sediment with a grain size <2000 um) were
considered. Secondly, sediment quality guidelines that
define metal concentrations than baseline

concentrations in sediment from South African coastal

lower
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waters were usually not considered. Screening was
performed by comparing sediment quality guidelines to
baseline concentrations for metals in sediment from
Cape
Although a previous section of this report provided
baseline concentrations for metals in sediment from the
St Helena and Saldahna Bay areas of the Western Cape,
the data set for this area is too limited to confidently
define baseline concentrations. A larger data set, based
on sediment samples collected from more locations, is
required to define baseline concentrations for Western

Eastern and KwaZulu-Natal coastal waters.

Cape coastal waters. However, baseline concentrations
for most metals of interest for the revised National
Action List are broadly comparable between Western
Cape appear and Eastern Cape coastal waters (see Figure
4), and it was thus assumed that the same sediment
quality guidelines could be used for both regions. There
are exceptions, as discussed further below.

The baseline concentrations used to screen the sediment
quality guidelines are presented in Table 16. As
discussed elsewhere in this report,
cadmium and mercury concentrations in sediment from
many areas of the South African coastline are poorly
correlated to the mud fraction, and hence also to co-
occurring concentrations,
concentrations for these metals were defined using
cumulative distribution plots (see Figure 4).

since arsenic,

aluminium baseline

The underlying assumption for baseline concentration
determination in the context of biological effects is that
the baseline concentrations do not pose a risk. However,
because concentrations of most metals in sediment
increase as the grain size decreases there is, as discussed
previously, no thing as a
concentration. Rather, the baseline concentration is
specific to particular grain
composition, but which is typically most dependent on
the mud fraction of the sediment. A situation could,

such single baseline

sediment of a size

therefore, arise where the same metal concentration is
at a contaminant level and exerting adverse biological

200

150 H

100 H

Chromium (pg.g™)

w
o

0 10 20 30 40 50 60 70
Aluminium (mg.g™?)

Figure 6. An example of two hypothetical scenarios for the
same chromium concentration in sediment. In scenario 1, the
chromium concentration exceeds the baseline model upper
prediction limit and the sediment sample is interpreted as
being chromium enriched. Exceedance of the baseline model
upper prediction limit is in fact so high that the sediment
sample would be interpreted as being severely contaminated
with chromium. In scenario 2, the chromium concentration
falls within the baseline model prediction limits and is thus
interpreted as falling within the expected concentration range
for uncontaminated sediment.

effects in sediment of a particular grain size but falls
within the baseline concentration for sediment
comprised of finer grained material (see Figure 6).
Therefore, for metals other than arsenic, cadmium and
mercury the baseline concentration was defined as the
concentration predicted at the upper 99% prediction
limit of the baseline concentration model at a
corresponding aluminium concentration of 60 mg.g'l.
Aluminium concentrations in excess of 60 mg.g‘1 were
measured in only a few sediment samples used to define
the baseline models (see Figure 3) and was thus
considered a convenient limit. In those situations where
the maximum aluminium concentration measured was
lower than 60 mg.g'l, the baseline concentration was
defined by extrapolation of the baseline model to an
aluminium concentration of 60 mg.g'l.

The guidelines of some sediment quality guidelines
specify metal concentrations that only slightly exceed
baseline concentrations in Eastern Cape and KwaZulu-

Table 16. Baseline concentrations of metals in sediment from Eastern Cape and KwaZulu-Natal coastal waters that were used to
screen candidate sediment quality guidelines for the revised National Action List.

Eastern Cape

KwaZulu-Natal

Metal Baseline Baseline Baseline Baseline
concentration concentration x 1.25 concentration concentration x 1.25
Arsenic 15.65 19.56 17.21 21.51
Cadmium 0.360 0.450 0.518 0.648
Mercury 0.097 0.121 0.100 0.125
Copper 27.70 34.63 44.11 55.14
Chromium 89.63 112.04 166.88 208.60
Nickel 41.04 51.30 58.62 73.28
Lead 35.79 44.74 54.78 68.48
Zinc 98.95 123.69 90.30 112.88
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Figure 7. Sediment quality guidelines considered for the revised National Action List (@) compared to baseline concentrations for
Eastern Cape coastal waters (dashed horizontal lines) and KwaZulu-Natal (horizontal stippled lines) coastal waters and sediment

quality guidelines of the existing National Action List (O).

Natal coastal waters. The level of exceedance was,
however, so low that the author considered it
unreasonable to expect adverse biological effects to
manifest at these concentrations. To account for this
situation, and due to the fact that there are
uncertainties associated with some of the baseline
concentrations, each baseline concentration was
multiplied by a factor of 1.25 (Table 16). There is no
scientific basis for this decision, but it was made on a
best professional judgement basis.

Sediment quality guidelines from other jurisdictions/
countries that were initially considered are compared to
the baseline concentrations for metals in sediment from
Eastern Cape and KwaZulu-Natal coastal waters and to
sediment quality guidelines of the existing National
Action List in Figure 7. Numerous Level | and in certain
cases Level Il guidelines were identified as inappropriate
based on the fact that the guidelines specify metal
concentrations lower than baseline concentrations in
South African coastal waters. In cases where two or
more Level | guidelines from a sediment quality guideline
were identified as inappropriate, the entire sediment
quality guideline was not considered further with two
exceptions (see below), irrespective of whether the Level
Il guidelines were potentially appropriate. This approach
was taken since the Level Il guidelines of numerous
sediment quality guidelines were lower than Level |
guidelines of other sediment quality guidelines.

At the end of the screening process, four candidate
sediment quality guidelines for the revised National
Action List were identified. Three of the sediment quality
guidelines are appropriate for application in KwaZulu-
Natal coastal waters, while all four are appropriate for
Eastern Cape (and by implication Western Cape) coastal
waters. This said, each of the candidate sediment quality
guidelines will need to be modified, either because a
Level | guideline is inappropriate to a particular area or
because there are no guidelines for chromium and/or
nickel.

Numerous of the sediment quality guidelines were in
fact discounted from consideration because their Level |
guidelines for chromium and nickel are inappropriate for
application in South African coastal waters. Whether it
was justified to remove them on this basis only is
however uncertain. Chromium and nickel appear to be
particularly problematic from a
guideline derivation perspective. Long et al. (1995)

sediment quality

placed little confidence in the nickel guidelines they
derived, while several sediment quality guidelines do not
have guidelines for this metal or for chromium. As stated
above, many sediment quality guidelines were screened
on the basis that chromium and nickel guidelines are
than The low
concentrations of these metals specified by the Level |

lower baseline  concentrations.
guidelines of these sediment quality guidelines might
have arisen due to the fact that empirically-based

sediment quality guidelines are derived for each
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chemical individually, but using data that comprises a
mixture of chemicals in sediment samples. Thus, if an
adverse biological effect was evident then this was
attributed to all chemicals in the sediment sample,
irrespective of whether the chemical was responsible for
the adverse effect. Thus, if a chemical was present at low
concentrations in sediment from impacted sites, then it
would appear in a large percentage of the samples in
which toxicity is observed. This will result in the
guideline specifying low concentrations for the chemical
and may in fact lead to a situation where the guideline is
lower than baseline concentrations. This situation is
exacerbated by the fact that there is clear evidence for
the natural enrichment of chromium in sediment from
the east coast of South Africa. Chromium concentrations
measured in sediment from these waters are amongst
the highest naturally occurring concentrations in the
world.

19. Candidate sediment quality
guidelines for the revised National
Action List

The first of the candidate sediment quality guidelines
was derived for various sediment management needs in
the province of Quebec, Canada (Environment Canada
and MDDEP 2007; see Table 10). Two of the five
guidelines, the Threshold Effect Level and the Probable
Effect Level, were derived by the Canadian Council of
Ministers of the Environment, using the Effects Level
approach (CCME 2002). These guidelines define three
concentration ranges with management implications.
Chemicals in sediment at concentrations at or below the
Threshold Effect Level are anticipated to rarely cause
biological
organisms. Chemicals in sediment at concentrations
between the Threshold Effect Level and Probable Effect
Level are anticipated to occasionally be associated with
biological
organisms, while concentrations exceeding the Probable
Effect Level are anticipated to be frequently associated

adverse effects to sediment-dwelling

adverse effects to sediment-dwelling

with adverse effects to sediment-dwelling organisms.
The definition of these ranges is based on the premise
that the probability of toxic effects resulting from
exposure to a given chemical increases with the
concentration of that substance in sediments. For most
substances, the incidence of adverse effects is 10% or
less for the range of concentrations below the Threshold
Effect Level. For the range of concentrations above the
Probable Effect Level (biological effects are frequently
observed), the incidence of adverse effects varies
considerably among chemicals and is sometimes lower
than 50% (CCME 2002). The low incidence of adverse

effects observed for a number of chemicals in this range
indicates that the degree of correspondence between
the concentrations obtained for the Probable Effect
Level and the narrative intent of the Probable Effect
Level (concentration above which adverse effects are
frequently observed) is occasionally somewhat weaker
than is the case for the Threshold Effect Level.

The government of Quebec decided to adopt the
Probable Effect Level and the Threshold Effect Level for
sediment quality assessment in the province, but was of
the opinion that the guidelines alone are insufficient to
address all sediment management needs. Three
additional guidelines were thus derived to cover other
management needs. The management needs include the
prevention of sediment contamination from industrial
discharges, the management of dredged sediment, and
the remediation of contaminated aquatic sites. To
monitor the status of vulnerable sites and to provide
advance warning of incipient contamination, through
industrial discharges, the Rare Effect Level was derived.
The concentrations of chemicals defined by the Rare
Effect Level are somewhat lower than the Threshold
Effect Level, but both of these guidelines are intended
for use as signposts for preventing contamination of
sediment (see Table 10).

The unconfined, openwater disposal of dredged
sediment in Canada is prohibited except where the
material presents no threat to aquatic organisms. The
government of Quebec considered that a contamination
threshold beyond which toxicity testing is mandatory
was necessary, since experience has shown that most
toxicity tests are not very sensitive to low levels of
contamination. A value higher than the Threshold Effect
Level but lower than the Probable Effect Level was
considered necessary, the Occasional Effect Level. The
Occasional Effect Level represents the concentration of a
chemical in sediment above which adverse effects are
anticipated to many sediment-dwelling organisms. To
further facilitate the management of dredged sediment,
a sufficiently high threshold of contamination above
which unconfined, openwater disposal is prohibited
without the need for additional analyses was considered
necessary. Since the Probable Effect Level is not a high
enough threshold for this type of decision, the Frequent
Effect Level was derived. This guideline represents the
concentration of a chemical in sediment above which
adverse effects are anticipated for the majority of
sediment-dwelling organisms. The Occasional Effect
Level and the Frequent Effect Level are the primary
guidelines governing the management of dredged
sediment, but the Probable Effect Level and the
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Frequent Effect Level can also be used to provide
guidance for decisions on whether contaminated
sediment needs to be remediated.

For the purposes of dredged material management,
when the concentrations of all chemicals in sediment are
lower than or equal to the Occasional Effect Level, the
probability for observing adverse effects to sediment-
dwelling organisms is anticipated to be relatively low.
The dredged sediment is therefore of a suitable quality
for unconfined, openwater water disposal or for other
beneficial uses, provided that disposal does not
contribute to the deterioration of the receiving
environment (e.g. through a change in sediment grain
size at the disposal site). When the concentration of a
chemical is higher than the Occasional Effect Level but
lower than or equal to the Frequent Effect Level, the
probability for observing adverse biological effects to
anticipated to be
relatively high and to increase with increasing chemical
concentrations. Unconfined, openwater disposal of
dredged sediment can be a valid management option in
this case, but only when toxicity tests demonstrate that

sediment-dwelling organisms is

the sediment will not adversely affect the receiving
environment (e.g. through direct toxic effects and
indirect effects). Proper
characterisation of the dredged material disposal site is
required
openwater disposal. Chemical concentrations in the

bioaccumulation

in this instance prior to authorisation of

dredged sediment must be lower than or equal to
concentrations measured in sediment from the dredged
material disposal site. When the concentration of a
chemical exceeds the Frequent Effect Level, the
probability for observing adverse effects to sediment-
dwelling organisms is anticipated to be very high and the
sediment is considered unsuitable for unconfined,
openwater disposal. These sediments must instead be
treated or safely contained (e.g. in confined sediment

facilities).

Comparison of sediment quality guidelines used in
Quebec to the baseline concentrations for metals in
sediment from South African coastal
demonstrated that one or more of the Rare Effect Level,
Threshold Effect Level and Occasional Effect Level are
lower than baseline concentrations. These guidelines
eliminated

waters

were consequently from further
consideration. The Probable Effect Level and Frequent
Effect Level are potentially suitable for inclusion in the
revised National Action List, as Level | and Level Il
guidelines respectively (Table 17). The Level | guideline
for chromium is, however, inappropriate for application
in sediment from both Cape and KwaZulu-Natal coastal
waters since it is lower than the baseline concentration
in the former area and only slightly lower than the
baseline concentration in the latter area (Figure 8). The
Quebec sediment quality guidelines also do not provide
guidelines for nickel (Table 17). Consequently, guidelines
for nickel will need to be adopted from another
jurisdiction/country or formulated using the Sediment
Background approach should the Quebec sediment
quality guidelines be considered for inclusion in the
revised National Action List. The narrative intent of the
Level | guideline will not, however, be per the original
intent of the Probable Effect Level since it will be
necessary to consider the narrative intent of this
guideline as the concentration of a chemical in sediment
below which adverse effects to sediment-dwelling
organisms are anticipated to be infrequent. This is
consistent with the narrative intent of the Level |
guideline of most sediment quality guidelines that adopt
a two guideline (Action Level) approach. There is thus no
scientific basis for such a change in narrative intent apart
from the ease of application in the revised National
Action List. Whether the waiving of the original narrative
intent of the sediment quality guidelines is of any
relevance is open to debate, since irrespective of the
sediment quality guidelines adopted it will be impossible
to determine whether their original narrative intent is

Table 17. Candidate metal sediment quality guidelines (ug.g'1 dry weight) for the revised National Action List. PEL - Probable Effect
Level, FEL - Frequent Effect Level (Environment Canada and MDDEP 2007); SGCscs - Sediment Quality Criteria for Sensitive
Contaminated Sites, SGCycs - Sediment Quality Criteria for Typical Contaminated Sites (MacDonald et al. 2003); SL1 - Screening
Level 1, SL2 - Screening Level 2 (USACE 2006); SL - Screening Level, BT - Bioaccumulation Trigger, ML - Maximum Level (USACE

2008).
Quebec, Canada British Columbia, Canada Pacific Northwest, USA Pacific Northwest, USA

Metal PEL FEL SQCscs SQCrcs SL1 SL2 SL BT ML
Arsenic 42 150 26 50 57 93 58 507.1 700
Cadmium 4.2 7.2 2.6 5 5.1 6.7 5.1 11.3 14
Chromium 160 290 99 190 260 270 - 267 -
Copper 110 230 67 130 390 390 390 1027 1300
Mercury 0.7 1.4 0.43 0.84 0.41 0.59 0.41 1.5 2.3
Nickel - - - - - - 140 370 370
Lead 110 180 69 130 450 530 450 975 1200
Zinc 270 430 170 330 410 960 410 2783 3800
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Figure 8. Comparison of sediment quality guidelines for Quebec (Environment Canada and MDDEP 2007) to baseline
concentrations for metals in sediment from Eastern Cape (dashed lines) and KwaZulu-Natal coastal waters (stippled lines).

consistent with South African conditions due to the lack
of empirical data against which to evaluate their

performance.

The second of the candidate sediment quality guidelines
were derived for different management needs in the
province of British Columbia, Canada (Table 17;
MacDonald et al. 2003). Two guidelines were derived,
using the Effects Level approach. The guidelines are
intended to identify concentrations of chemicals in
sediment below which risks to sediment-dwelling
organisms are considered ‘tolerable’, but they either
have application to so-called Sensitive Contaminated
Sites or Typical Contaminated Sites. Sensitive
Contaminated Sites are sites that contain species or
habitats of special importance, and one of the guidelines
(Sediment Quality Criteria for Sensitive Contaminated
Sites, hereafter referred to as the Level | guideline) was
derived to provide a relatively high level of protection
(about a 20% probability for adverse effects) to
sediment-dwelling organisms from these sites. The
Sediment Quality Criteria for Typical Contaminated Sites
(hereafter referred to as the Level Il guideline) offers a
lower level of protection (about a 50% probability for
adverse effects) to sediment-dwelling organisms, and
has application at sites human related
disturbances are prevalent (e.g. in ports). The definition
of the Level Il guideline is intended to take into account
that the potential for maintaining an unaltered benthic
invertebrate community is reduced in these areas.
Assessment of the guidelines in meeting their narrative

where

intent using empirical data showed that for most
chemicals the guidelines had a moderate to high level of
reliability. Both of the guidelines have substantial
administrative rules that govern their application (see
below). The guidelines are not intended for assessing
whether sediment is suitable for unconfined, openwater
disposal, but they could be considered for this purpose if
they are adopted for the revised National Action List.

Determining whether or not Sensitive Contaminated
Sites or Typical Contaminated Sites are contaminated
involves a stepwise approach. First, the 90" percentile of
concentrations (i.e. 9 out of 10 samples) for each
chemical of concern is calculated and compared to the
relevant sediment quality guideline. In other words,
required to
characterise sediment quality at a site. Next, the upper

more than one sediment sample is

limits of background concentrations are calculated and
compared to the 90™ percentile concentration of each
chemical of concern. If the 90" percentile concentration
of one or more chemicals of concern exceeds the
relevant sediment quality guideline and the upper limit
of the background concentration, then the site is
considered to contain contaminated sediments. The
presence of chemicals of concern at concentrations that
exceed the relevant sediment quality guideline by a
factor of two or more is also considered to be indicative
of the presence of contaminated sediments. In addition
to comparing the concentrations of each chemical of
concern to the relevant sediment quality guideline, sites
can be designated as contaminated through the
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Figure 9. Comparison of sediment quality guidelines for British Columbia (MacDonald et al. 2003) to baseline concentrations for
metals in sediment from Eastern Cape (dashed lines) and KwaZulu-Natal coastal waters (stippled lines)..

application of a mean sediment quality guideline
quotient. The mean sediment quality guideline quotient
is calculated for each sediment sample for which
The 90"
percentile of the mean sediment quality guideline
quotients is then calculated. If the 90" percentile of the
mean sediment quality guideline quotients exceeds one,

sediment chemistry data are available.

then the site is considered to contain contaminated
sediments.

Comparison of the sediment quality guidelines used in
British Columbia to baseline concentrations for metals in
sediment South  African coastal
demonstrates that the Level | guideline for chromium is

from waters
inappropriate for application in KwaZulu-Natal coastal
waters (Figure 9) while the Level | and Level Il guidelines
for cadmium are inappropriate for application in the St
Helena Bay and Saldanha Bay areas of the Western Cape.
The Level | guidelines for arsenic, chromium and lead
are, however, only slightly higher than baseline
concentrations for these metals in one or all regions
(Figure 9). Guidelines for these metals will therefore
need to be modified if they are adopted for the revised
National Action List.

The British Columbia sediment quality guidelines do not
provide guidelines for nickel (Table 17). Consequently,
sediment quality guidelines for nickel will need to be
adopted from another jurisdiction/country or
formulated using the Sediment Background approach if

the sediment quality guidelines are adopted for the
revised National Action List.

The two remaining candidate sediment quality
guidelines are used to assess sediment quality in the
Pacific Northwest of the USA (states of Washington,
Oregon and Idaho), with a particularly strong focus on
assessing identified for dredging. The
guidelines are provided in two reports, one prepared by
the United States Army Corps of Engineers (USACE 2008)
and the other by the United States Army Corps of
Engineers
authorities. Since the latter report does not provide a
citing format and the United States Army Corps of
Engineers was the lead organisation, the report is

henceforth referred to as USACE (2006).

sediment

in collaboration with several regulatory

USACE (2006) describes a framework for assessing and
characterising the quality of freshwater and marine
sediments in the Pacific Northwest, for the purpose of
determining management options for dredged material
and contaminated sites. The sediment quality guidelines
provided in the framework (Table 17) are identical to the
Washington State sediment management standards (see
WSDEC 1995). The sediment quality guidelines can be
used to evaluate risks posed by in situ sediments to
sediment-dwelling organisms, or if dredging is proposed
then the risks posed by the newly exposed sediment to
sediment-dwelling organisms and the suitability of the
dredged sediment for unconfined, openwater disposal.
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Figure 10. Comparison of sediment quality guidelines for the Pacific Northwest of the United States of America (USACE 2006) to
baseline concentrations for metals in sediment from Eastern Cape (dashed lines) and KwaZulu-Natal coastal waters (stippled lines).

The sediment quality guidelines were derived through
the Apparent Effects Threshold approach, using data
from sites in the Pacific Northwest. The reader will recall
that the Apparent Effects Threshold approach attempts
to define the concentrations of contaminants in
sediment above which statistically significant adverse
effects for a specific endpoint (e.g. mortality) are always
expected. Two guidelines were derived. The Screening
Level 1 (hereafter referred to as the Level | guideline)
corresponds to a chemical concentration at or below
which adverse effects to sediment-dwelling organisms
are expected to be low, while the Screening Level 2
(hereafter referred to as the Level Il guideline) defines
chemical concentrations above which minor adverse
effects may be observed in the more sensitive groups of
sediment-dwelling organisms. The Level | guidelines
represent the Apparent Effects Threshold derived from
data for alterations in benthic invertebrate community
composition, while most of the Level Il guidelines were
derived using data from amphipod toxicity tests.

For dredging projects, the Level | guideline is intended to
identify chemical concentrations at or below which there
is no reason to believe that the disposal of dredged
sediment will result in unacceptable adverse effects to
sediment-dwelling organisms. Decision-making is not
based entirely on this guideline, however, since
consideration is also given to factors such as the
presence of chemicals in sediment that have a high

bioaccumulation potential. Sediments with one or more
chemicals at concentrations exceeding the Level |
guideline and/or bioaccumulation criteria (these have
not yet been defined) require toxicity testing and/or
bioaccumulation testing respectively before a decision is
made on the suitability of the material for unconfined,
openwater disposal. If biological testing is implemented,
then results from the biological testing take precedence
and override the sediment chemistry results. Sediments
with chemicals at concentrations that exceed the Level |
guideline or bioaccumulation criteria and fail follow-on
biological testing generally need to be managed in an
alternate, more protective manner (e.g. in a confined
disposal facility or landfill site). The Level Il guideline is
not used for decision-making in the context of dredging
projects, but rather as a clean-up level (it is also used as
a benchmark against which to prioritise different sites
for clean-up).

Comparison of the USACE (2006) sediment quality
guidelines to the baseline concentrations for metals in
sediment from South African coastal waters (Figure 10)
demonstrates that each of the guidelines is suitable for
application in all local waters with exception of cadmium
in the St Helena Bay and Saldanha Bay areas of the
Western Cape. The USACE (2006) sediment quality
guidelines do not provide guidelines for nickel (Table 17).
Consequently, sediment quality guidelines for nickel will
need to be adopted from another jurisdiction/country or
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Figure 11. Comparison of sediment quality guidelines for for the Pacific Northwest of the United States of America (USACE 2008) to
baseline concentrations for metals in sediment from Eastern Cape (dashed lines) and KwaZulu-Natal coastal waters (stippled lines).

formulated using the Sediment Background approach
should the USACE (2006) sediment quality guidelines be
adopted for the National Action List.

USACE (2008) describes a Dredged Material Evaluation
and Disposal Procedures user manual for the State of
Washington, USA. The sediment quality guidelines
comprise three guidelines (Table 17). As was the
situation for USACE (2006), the sediment quality
guidelines were derived using the Apparent Effects
Threshold approach. The Screening Level (hereafter
referred to as the Level | guideline) is identical to the
Level | guideline of USACE (2006) with the exception that
there is 1 ug.g'1 difference for arsenic (Table 17).
Whether this reflects a typographical error is uncertain.
The second guideline is the Maximum Level (hereafter
referred to as the Level Il guideline). USACE (2008) also
provides a Bioaccumulation Trigger, which represents
the concentration of chemicals in sediment at or above
which there is a strong possibility that the chemicals may
be bioaccumulated. The Bioaccumulation Trigger defines
chemical concentrations that are higher than the Level |
guideline but lower than the Level Il guideline. There are
no Level | and Level Il guidelines for chromium, but here
in contrast to USACE (2006) guidelines for nickel are
provided. A Bioaccumulation Trigger is, however,
provided for chromium. The Level Il guideline for all
chemicals is usually substantially higher than the Level Il
guideline of USACE (2006, see Table 17 and Figure 8).

Consistent with USACE (2006), the Level | guideline of
USACE (2008) corresponds to a chemical concentration
at or below which adverse effects to sediment-dwelling
organisms are expected to be low. The Level Il guideline
represents the highest Apparent Effects Threshold at
which all four biological indicators used for guideline
effects, and thus
corresponds to a chemical concentration at or above
which there is a very high probability for adverse effects
to sediment-dwelling organisms. For dredging projects,
the Level | guideline is intended to identify chemical
concentrations at or below which there is no reason to
believe that the disposal of dredged material would
result in unacceptable adverse effects to sediment-
dwelling organisms. with chemicals at
concentrations that exceed the Level | guideline requires
biological testing before a decision is made on the

derivation showed significant

Sediment

suitability of the material for unconfined, openwater
disposal. The Level Il guideline is not used a decision-
making, but is provided for the benefit of dredging
proponents. Although some sediment in the state of
Washington  with more chemicals at
concentrations exceeding the Level Il guideline have

one or
passed biological testing, the majority of sediments have
failed. The purpose of this guideline is to allow the
dredging proponent to decide whether it is worthwhile
proceeding with expensive and time consuming
biological testing to determine whether the material is
suitable for unconfined, openwater disposal, or whether
the effort should be channelled into other disposal
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Figure 12. Comparison of candidate sediment quality guidelines for the revised National Action List (® - Quebec (Environment

Canada and MDDEP 2007),

- British Columbia (MacDonald et al. 2003),

- USACE (2006), @ - USACE (2008)) to the range of

concentrations (solid vertical line) specified by sediment quality guidelines used in various jurisdictions/countries for dredged
material assessment. The horizontal dashed and stippled lines represent baseline concentrations for metals in sediment from

Eastern Cape and KwaZulu-Natal coastal waters respectively.

options (e.g. confined disposal) and testing for those
options. Sediment with one or chemicals at
concentrations exceeding the Bioaccumulation Trigger
guideline requires bioaccumulation testing before a
decision is made on the suitability of the sediment for
unconfined, openwater disposal.

Comparison of the USACE (2008) sediment quality
guidelines to the baseline concentrations for metals in
sediment from South African coastal waters
demonstrates that each of the guidelines is suitable for
application in all local waters (Figure 11) with exception
of the Level | guideline for cadmium in the St Helena Bay
and Saldanha Bay areas of the Western Cape. As stated
above, the USACE (2008) sediment quality guidelines do
not provide guidelines for chromium. Consequently,
sediment quality guidelines for chromium will need to be
adopted from another jurisdiction/country or
formulated using the Sediment Background approach
should the USACE (2008) sediment quality guidelines be
considered for inclusion in the revised National Action
List. Although discussed further below, the Level I
guideline (Maximum Level) defines high
concentrations of chemicals in sediment.

very

The most noticeable feature from Table 17 is that the
Level Il and Bioaccumulation Trigger guidelines of the
USACE (2008) sediment quality guidelines are typically
substantially higher then the Level Il guidelines of other
candidate sediment quality guidelines. This reflects the
fact that the guideline represents the highest Apparent

Effects Threshold at which all four biological indicators
used for guideline derivation showed significant effects.
The Level | guidelines for copper and lead from the
USACE (2006) and USACE (2008) sediment quality
guidelines are also somewhat higher than the
corresponding guideline of other candidate sediment
quality guidelines.

The second noticeable feature is that Level | guidelines
for chromium in Quebec and British Columbia sediment
quality guidelines are inappropriate for application in
KwaZulu-Natal coastal waters, since the guidelines are
lower than the baseline concentration. As discussed
previously, despite this limitation these sediment quality
guidelines were not trimmed from the candidate list
since guidelines for all other metals do not suffer this
limitation. If either of the Quebec or British Columbia
sediment guidelines is adopted for the revised National
Action List, then the Level | guideline for chromium will
need to be adopted from another jurisdiction/country or
formulated using the Sediment Background approach.
Either of the latter approaches will similarly need to be
followed for the Level | guideline for chromium in USACE
(2008) and nickel in Ontario (Environment Canada and
MDDEP 2007), British Columbia (MacDonald et al. 2003)
and USACE (2006) sediment quality guidelines, since
guidelines are not provided for these metals.

The third noticeable feature is that concentrations of
cadmium in sediment from the St Helena Bay and
Saldanha Bay areas of the Western Cape usually exceed
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the Level | and Level Il guideline of all candidate
sediment quality guidelines. As discussed elsewhere in
this report,
measured in sediment from these areas appears to be a

the elevated cadmium concentrations

natural phenomenon. However, the spatial extent of
naturally elevated cadmium concentrations in Western
Cape coastal waters is unknown and can only be
established through a dedicated research programme
aimed at defining baseline concentrations for metals in
sediment from these waters. Thus, irrespective of the
candidate sediment quality guidelines adopted for the
National Action List, cadmium will need to be excluded
from decision-making in at least the latter areas of the
Western Cape.

To place the candidate sediment quality guidelines into
perspective, Figure 12 compares them to sediment
quality guidelines in numerous jurisdictions/
countries for decision-making with regard to dredged

used

material, to baseline concentrations for South African
coastal waters, and to sediment quality guidelines of the
existing National Action List. This is by no means an
exhaustive comparison, but provides an appreciation of
the range of metal concentrations defined by Level | and
Level Il guidelines that are used for decision-making in
the context of dredged sediment management. The
most noticeable feature again is that the Level I
guideline of the USACE (2008) sediment
guidelines is substantially higher then the Level Il

quality

guideline of other sediment quality guidelines. The Level
| guidelines for chromium, copper and lead in the USACE
(2006) and USACE (2008) sediment quality guidelines are
also somewhat higher compared to the other guidelines.

In terms of their protectiveness to sediment-dwelling
organisms, the candidate sediment quality guidelines
rank in approximate order British Columbia >
Environment Canada (2006) > USACE (2006) > USACE
(2008). This ranking is based only on absolute
concentrations specified by the guidelines and does not
take
associated narrative intent.

into account the derivation procedure and

20. Sediment quality guideline example

As stated above, comparison of the candidate sediment
quality guidelines to baseline metal concentrations in
South  African coastal waters
demonstrates that, barring certain minor modifications
and/or additions, each of the candidate sediment quality
can be considered for inclusion in the revised National

sediment from

Action List. A decision will obviously need to be made on
which sediment quality guidelines, or combination
thereof, is most suitable and appropriate for the revised

National Action List. As mentioned elsewhere in this
report, this decision does not rest with the author or
Branch: Oceans and Coasts of the DEA, but rather should
be reached through consensus after considering the
various factors discussed previously (e.g.
intent). In this context, it will be extremely valuable if
stakeholders that have implemented dredging projects
in South African coastal waters (e.g. Transnet National
Ports Authority) provide sediment chemistry data
against which the guidelines can be compared, to
determine (1) whether they lean toward being over- or
under-protective, (2) their implication for the frequency
of further assessment that would have been required for
decision-making, and (3) their implication for the
consideration and need of alternate dredged sediment
disposal strategies.

narrative

The author has, however, deemed it prudent to define a
sediment quality guideline example, as a starting point
for discussion. Three guidelines are provided in Table 19,
namely Warning Level, Level | and Level Il guidelines.
Most of the Level | and Level Il guidelines were taken
directly from USACE (2006). Since the USACE (2006)
Level | and Level Il guidelines for copper are identical,
the Level | guideline was substituted with the Level Il
guideline for Quebec (Environment Canada and MDDEP
2007), to provide a gradation in concentrations. The
USACE (2006) Level | guideline for lead is, in the opinion
of the author, high and was consequently substituted
with the more protective Level Il guideline from the Long
et al. (1995) sediment quality guidelines. The USACE
(2006) Level Il guidelines for cadmium and chromium are
not much higher than the Level | guidelines and were
also substituted by the Level Il guidelines from the Long
et al. (1995) sediment quality guidelines.

Table 18. Example of possible sediment quality guidelines for
the revised National Action List. Two Warning Level
concentrations are included for chromium and nickel, to
account for substantial differences in the baseline
concentrations for these metals between Eastern Cape and
KwaZulu-Natal coastal waters.

Warning

Metal Level | Level Il
Level
Arsenic 42° 57° 93°
Cadmium 1.2¢ 5.1° 9.6°
Chromium  135%/250° 260° 370°
Copper 110° 230° 390°
Mercury 0.43° 0.84° 1.5°
Nickel 62%/88° 140° 370°
Lead 110° 218" 530°
Zinc 270° 410° 960°

a - Environment Canada and MDDEP (2007), b - USACE (2006), c - Long et al.
(1995), d — for Eastern Cape, e for KwaZulu-Natal
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The motivation for defining a Warning Level is that
several of the Level | and Level Il guidelines from USACE
(2006) are considerably higher than Level | and Level Il
guidelines of sediment quality guidelines that are
frequently used to assess sediment quality in North
America. For example, the Level | and Level Il guidelines
for zinc in the Long et al (1995) sediment quality
guidelines specify concentrations of 150 and 410 ug.g'1
respectively, while the USACE (2006) Level | and Level Il
guidelines specify concentrations of 410 and 960 ug.g'1
respectively. These differences reflect, in part, the
different approaches used to derive the sediment quality
guidelines, that is, the Apparent Effects Threshold
approach for USACE (2006) and the Effects Range
approach for Long et al. (1995). Since it is uncertain
whether the USACE (2006) Level | guideline is sufficiently
protective of sediment-dwelling organisms in South
African coastal waters, it might be prudent to define a
guideline that provides a higher level of protection.

The Warning Level for most metals corresponds to the
Probable Effects Level of the Environment Canada (2006)
sediment quality guidelines (Table 19). As discussed
previously, the Quebec sediment quality guidelines do
not provide guidelines for nickel (Table 19) while the
Level | guideline for chromium is inappropriate for
application in KwaZulu-Natal coastal waters (Figure 13).
The chromium and nickel Level | guidelines of the British
Columbia and Long et al. (1995) sediment quality
guidelines are either inappropriate for application in
South African coastal waters or no guideline is provided,
so neither of the guidelines could be considered as a
substitute. The Warning Level for chromium and nickel
was, therefore, derived using the Sediment Background
approach, as 1.5 times the baseline concentration at a
co-occurring aluminium concentration of 60 mg.g'l. The
resultant guideline for chromium is problematic as it can
probably only be applied in Cape coastal waters, since
1.5 times the chromium baseline concentration for
KwaZulu-Natal coastal waters (250.32 ug.g"l) is only
marginally below the Level | guideline (260 ug.g"l)
derived using this approach. There is, therefore, a strong
probability that the guideline could be exceeded even in
uncontaminated sediment. Of course, the Warning Level
for chromium and nickel could be defined as a higher
ratio of the baseline, at say 1.65. Indeed, the Warning
Level for all metals could be defined as a ratio of the
baseline concentration, or even as a ratio of the Level |
guideline (e.g. 50%). Defining the Warning Level as a
proportional exceedance of the baseline concentrations
may, however, require separate guidelines for Cape and
KwaZulu-Natal coastal waters because of differences in
concentrations. In fact, separate

metal baseline

guidelines may need to be defined for any other area of
the South African coastline for which baseline
concentrations may be defined and which differ from
baseline concentrations for Cape and KwaZulu-Natal
coastal waters.

Alternately, a suitable guideline could be identified for
KwaZulu-Natal coastal waters and then simply be applied
to all South African coastal waters. This is a less
cumbersome approach, but does have the consequence
that the guidelines will be less protective of sediment-
dwelling organisms in Cape waters, where baseline
concentrations for most metals are (often substantially)
lower than in KwaZulu-Natal coastal waters (see further
discussion below). Whether this is of any significance is a
moot point since it in any case applies to the Warning
Level for other metals that were not derived using the
Sediment Background approach and for which
differences exist between regions of the coastline.

All three guidelines could be incorporated into the
revised National Action List, with decision-making
restricted to the Level | and Level Il guidelines. That is,
the Warning Level could be used to warn of incipient
contamination. The Level | guideline could then reflect
the concentrations above which further assessment is
required, and the Level Il guideline as a prohibition of
unconfined, openwater disposal of dredged sediment.

As discussed on several occasions in this report, none of
the guidelines will be scientifically defensible from a
performance perspective since their performance in
local waters can only be established through comparison
to matching sediment chemistry and biological effects
data, and these data are absent. However, sediment
assessment tools are required for decision-making, and
as and when the state of science in South Africa
becomes more advanced in this context the guidelines
can and should be revised.

21. Other factors for consideration

21.1 Should sediment quality guidelines be

formulated separately for different
regions of South Africa?

As mentioned and discussed on several occasions
elsewhere in this report, the baseline concentrations for
several metals differ (in some cases substantially)
between sediment from Eastern and Western Cape and
KwaZulu-Natal coastal waters. The question that then
arises, and which was alluded to above, is whether
separate sediment quality guidelines should be defined

for different regions of the country or whether a ‘one
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size fits all approach’ should be adopted. Although this
guestion is most relevant to sediment quality guidelines
derived using the Sediment Background approach, the
considerations discussed below extend to any sediment
quality guideline that might be adopted from another
jurisdiction/country.

The need to possibly define separate sediment quality
guidelines for different regions of the South African
coastline is due to the fact that sediment-dwelling
organisms have evolved in the presence of the natural
occurring (baseline) metal concentrations. Theoretically,
therefore, if metal concentrations in sediment differ
regions then sediment-dwelling organisms
from these regions should display differences in
tolerance to the same metal concentration. There have,
unfortunately, been no detailed studies to determine
whether the tolerances of sediment-dwelling organisms
from different coastal regions of South Africa display
differences in tolerance to metals. If they do then a
sediment quality guideline derived using the Sediment
Background approach for KwaZulu-Natal coastal waters,
where baseline metal concentrations are higher, might
be under protective for Cape coastal waters.

between

As discussed previously, the findings of several studies
suggest that water and sediment quality guidelines
cannot simply be extrapolated from one (climatic) region
to another and be expected to provide the same level of
protection (e.g. Chapman and Mann 1999, Chapman et
al. 1999, Chapman and Riddle 2005, Chapman et al.
2006, Kwok et al. 2007).

Deriving separate sediment quality guidelines for
different regions of the South African coastline is thus
the most appropriate approach from a scientific
perspective, but this might result in a slightly
cumbersome decision-making process. The limitation of
potential under-protectiveness inherently extends to
sediment quality guidelines that may be adopted for
inclusion in the revised National Action List on the basis
that the guidelines are identified as suitable for KwaZulu-
Natal coastal waters and are then applied as a one size
fits all approach to South African coastal waters.

Key issue:

8. Should separate metal sediment quality guidelines be
formulated for different regions of the South African
coastline to account for differences in baseline
concentrations?

21.2 Absence of sediment quality guidelines
for other chemicals

As mentioned in the introduction to this report, the
intention is to revise only the metal sediment quality
guidelines of the existing National Action List. The
overwhelming emphasis of the existing National Action
List on metal sediment quality guidelines for decision-
making was identified previously as a significant
limitation and will extend to the revised National Action
List should guidelines for other chemicals not be
included. The absence of sediment quality guidelines for
other chemicals raises the question whether reliable
decisions on sediment quality can be made using metal
concentration data only.

In its existing form, the National Action List inherently
uses metal concentrations in sediment as a surrogate
indicator of the presence of other chemicals, that is, the
assumption is that if sediment is not contaminated with
metals then it is unlikely to be contaminated with other
chemicals. Although metal and organic contaminants
usually accumulate in sediment from the same areas
because they are similarly particle reactive and often
have similar sources (e.g. emissions from vehicles), this
does not necessarily imply that different types of
chemicals will always be at, or not at, contaminant
concentrations in the same sediment (e.g. Stronkhorst
and van Hattum 2003). A further significant feature is
that while metals may bioaccumulate, with the
exception of methylmercury they do not biomagnify.
Many organic chemicals, in contrast, have a high
biomagnification potential (Sorenson et al 2007). Failure
to take organic chemicals with a high biomagnification
potential therefore, have
significant ecological risk
perspective.

into consideration can,

implications from an

The author thus recommends that consideration be
given to the inclusion of sediment quality guidelines for
other chemicals in the revised National Action List. Since
existing data on the concentrations of various organic
chemicals in sediment from South African coastal waters
are insufficient for the definition of baseline
concentrations, the simplest and most logical strategy is
to adopt sediment quality guidelines for these chemicals
from another country/jurisdiction. In the sediment
quality guideline example discussed previously, the
metal sediment quality guidelines were taken
predominantly from USACE (2006). The USACE (2006)
sediment quality guidelines for other chemicals could
thus also be adopted. This will mean that most of the

sediment quality guidelines will have been derived using
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the same approach and will have a similar narrative
intent.

To provide the reader with perspective on guidelines for
organic chemicals, the sediment quality guidelines for all
chemicals in USACE (2006) are presented in Table 19. It
is important to note that different sediment quality
guidelines define guidelines for different suites of
chemicals. For example, the Quebec sediment quality
guidelines do not provide guidelines for chlorinated
hydrocarbons, pthalates and miscellaneous extractables
included in the USACE (2006) sediment quality
guidelines, but include wider range of (organochlorine)
pesticides.

The author recommends that, at a minimum, sediment
quality guidelines for the metals identified in this report
and a suite of 16 polycyclic aromatic hydrocarbon
isomers identified as priority pollutants by the United
States Environmental Protection Agency be included in
the revised National Action List. Other organic chemicals
that are frequently important contaminants of sediment
and which can be measured by a number of laboratories
in South Africa include polychlorinated biphenyls and
various organochlorine and organophosphate pesticides.
The Stockholm Convention on Persistent Organic
Pollutants can also be used to guide what additional
chemicals could be included in the revised National
Action List. Another frequent, toxic contaminant of
sediment from ports is tributyltin and consideration
should be given to its inclusion, either as tributyltin or
tin, considering that most dredging in South Africa takes
place in ports.

The costs of measuring organic chemicals in the
laboratory are considerably higher compared to metals.
An important implication then of including sediment
quality guidelines for a wider suite of chemicals in the
revised National Action List is that the costs for sediment
chemistry assessment will increase if all chemicals are
monitored. However, options for paring down the suite
of organic chemicals monitored can be explored. For
example, a minimum suite of chemicals could be
prescribed for measurement in all sediment samples,
and a wider suite in a proportion of the samples (e.g.
20%) that are judiciously positioned in the study area
(e.g. in areas where historically high contaminant
concentrations have been measured, or in areas where
the sediment is comprised of a high mud fraction).
Alternately, measurement of a wider suite of chemicals
could be required only for sediment samples that
contain chemicals from the suite at
concentrations that exceed a Level | guideline. Ideally, as
wide a suite of chemicals possible should be measured in

minimum

sediment from urban coastal environments on a 3 - 4
year basis, to determine whether a more comprehensive
suite of chemicals should be monitored routinely. The
responsibility for implementing and funding this type of
assessment should be responsibility of the state (either
nationally or provincially), but major dredging
proponents have a role to play (e.g. Transnet National
Ports Authority). Lastly, consideration will need to be
given in future to so-called ‘emerging’ chemicals,
including personal care products. These chemicals are
increasingly becoming a source of concern to
environmental scientists and regulatory authorities in
most regions of the world, not least because many are
known or strongly suspected endocrine disruptors.
However, there are presently no sediment quality
guidelines for these chemicals and in many cases their
toxicological significance is poorly understood.

Key issue:

9. Should the sediment quality guidelines of the revised
National Action List include guidelines for chemicals
other than the suite of metals identified in this report
and, if so, which chemicals should be included?

10.Should the option of defining a minimum suite of
chemicals that are measured in all sediment samples,
and a wider suite that are measured in exceptional
cases, be explored? If so, which chemicals should
comprise the minimum and wider suites? Note that
stakeholders may wish to specify minimum chemical
lists for ports, urban areas and rural/remote areas
separately.

22. Decision-making for the revised
National Action List

As discussed elsewhere in this report, an Action List is a
mechanism that allows managers and regulatory
authorities to reach an informed decision on the
suitability of waste material proposed for disposal in the
marine environment. To facilitate decision-making, the
criteria against which the decision is made need to be
defined. This section provides a discussion on issues and
options in this context.

22.1 Narrative intent of the Level | and Level

Il guidelines

The author presumes that the revised National Action
List will comprise two Action Levels for deciding whether
dredged sediment is (a) suitable for unconfined,
openwater disposal without further testing, (b) must
undergo further testing before a decision can be made,
or (c) is unacceptable for unconfined, openwater
disposal and requires special management.
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Table 20. The USACE (2006) sediment quality guidelines. mg.kg'l-OC = screening levels are normalized to the fraction of organic
carbon in sediment, - = no numeric guideline defined for chemical.

Screening Screening Screening Screening
Chemical Level 1 Level 2 Level 1 Level 2
(dry weight) (dry weight) (mg.kg'l-OC) (mg.kg'l-OC)
Metals (mg.kg™)
Antimony 150 150 - -
Arsenic 57 93 - -
Cadmium 5.1 6.7 - -
Chromium 260 270 - -
Copper 390 390 - -
Lead 450 530 - -
Mercury 0.41 0.59 - -
Silver 6.1 6.1 - -
Zinc 410 960 - -
Polycyclic Aromatic Hydrocarbons (pg.kg™)
Total Low Molecular Weight PAH’s 5200 5200 370 780
Naphthalene 2100 2100 99 170
Acenaphthylene 560 1300 66 66
Acenaphthene 500 500 16 57
Fluorene 540 540 23 79
Phenanthrene 1500 1500 100 480
Anthracene 960 960 220 1200
2-Methylnaphthalene 670 670 38 64
Total High Molecular Weight PAH’s 12 000 17 000 960 5300
Fluoranthene 1700 2 500 160 1200
Pyrene 2 600 3300 1000 1400
Benz(a)anthracene 1300 1600 110 270
Chrysene 1400 2 800 110 460
Benzofluoranthenes(b+k) 3200 3600 230 450
Benzo(a)pyrene 1600 1600 99 210
Indeno(1,2,3-c,d)pyrene 600 690 34 88
Dibenz(a-h)anthracene 230 230 12 33
Benzo(g,h,i)perylene 670 720 31 78
Chlorinated Hydrocarbons (p.g.kg'l)
1,4-Dichlorobenzene 110 110 3.1 9
1,2-Dichlorobenzene 35 50 2.3 2.3
1,2,4-Trichlorobenzene 31 51 0.81 1.8
Hexachlorobenzene 22 70 0.38 2.3
Phthalates (pg.kg'l)
Dimethyl phthalate 71 160 53 53
Diethyl phthalate 200 200 61 110
Di-n-butyl phthalate 1400 1400 220 1
Butylbenzyl phthalate 63 900 4.9 64
Bis(2-ethylhexyl) phthalate 1300 1900 47 78
Di-n-octyl phthalate 6200 6200 58 4500
Phenols (pg.kg™) - -
Phenol 420 1200 - -
2-Methylphenol 63 63 - -
4-Methylphenol 670 - -
2, 4-Dimethylphenol 29 29 - -
Miscellaneous Extractables (pg.kg™)
Benzyl alcohol 57 73 - -
Benzoic acid 650 650 - -
Dibenzofuran 540 540 15 58
Hexachlorobutadiene 11 120 3.9 6.2
N-Nitrosodiphenylamine 28 40 11 11
Pesticides (ug.kg'l)
p,p’-DDE 16 - - -
p,p’-DDD 9 - - -
p,p’-DDT 34 - - -
Poly-Chlorinated Biphenyls (p.g.kg'l)
Total PCB’s 130 1000 12 65
Tributyltin
TBT pore water (ug.I™) 0.15 - - -
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The author further presumes that chemical
concentrations falling between the Level | and Level Il
guidelines will be taken as an indication that there is
uncertainty whether the chemicals are associated with
adverse effects to sediment-dwelling organisms and thus
that further assessment will be required for decision-
making. If so, then the criteria (or rules) that will trigger
the need for further assessment based on sediment
chemistry/ sediment quality guidelines need to be
defined (options for further assessment are discussed in
a separate section below). Lastly, the author presumes
that the intent is to use the Level Il guideline on an
automatic fail (prohibition) basis if exceeded (i.e. for
decision (c) above).

Before discussing decision-making criteria and options
that require clarity and consensus, it is necessary to
reiterate that a modicum of common sense and/or best
professional judgment is often appropriate for deciding
whether further assessment is required when
contaminant concentrations exceed a Level | guideline.
For example, the marginal exceedance of a Level |
guideline by a single metal concentration, or even the
marginal exceedance of a few guidelines by different
metals, might not necessarily need to trigger further
assessment if there are extenuating circumstances.
These circumstances include, for example, if the area
over which metal concentrations are elevated in
sediment is small (i.e. a small volume relative to total
dredging volume). This said, the main reason for
formulating an Action List is to provide a mechanism for
reaching an informed decision in a consistent and
transparent manner. Best professional judgment
decision-making requires experience and is open to
misapplication in the case of an inexperienced decision-
maker, and in the extreme case to abuse. Judgmentally-
based decisions should not, therefore, be made lightly,
and as many lines of evidence should be used to
motivate why further assessment is not required in
‘borderline’ cases. If there is any doubt, then decisions
should be based on the decision criteria of the revised
National Action List and in concordance with the
precautionary principle of the London Protocol.

Defining decision criteria for the Level Il guideline will
not be necessary if the intent is to use this guideline on
an automatic fail (prohibition of unconfined, openwater
disposal) basis if exceeded by a single chemical. The
Level Il guideline can, however, only be used on this
basis if the Level Il guideline of the sediment quality
guidelines adopted for the revised National Action List
are predictive that, when exceeded, there is a very high
probability for adverse effects to sediment-dwelling

organisms. There is obviously little point using on this
basis a Level Il guideline derived to predict about 50%
probability for adverse effects to sediment-dwelling
organisms (e.g. the Effects Range Median of the Long et
al. (1995) sediment quality guidelines). This will lead to
sediment being deemed unsuitable for unconfined,
openwater disposal, when it may in fact not pose a
significant risk to sediment-dwelling organisms. As
stated elsewhere in this report, most workers caution
against the definitive (i.e. pass/fail) use of sediment
quality guidelines. This said, many jurisdictions/countries
do use a Level Il guideline on this basis, but some (e.g.
USACE 2008) do not use it definitively and permit
dredging proponents to determine whether or not
adverse effects are manifesting if the Level Il guideline is
exceeded. The major challenge for assigning decision
criteria to the Level Il guideline in a South African
context if the guideline is not used in a definitive manner
is what further assessment is possible. As mentioned
elsewhere in this report, the state of science with regard
to biological assessment of sediment quality in South
Africa is so poor that there are few options for further
assessment beyond those that would need to be
implemented based on decisions for the Level |
guideline.

Key issue:

11.Should the Level Il guideline be used in a definitive
manner, that is, if a single metal concentration in a
sediment sample exceeds this guideline then the
dredged material represented by the sample is
automatically considered unsuitable for unconfined,
openwater disposal?

22.2 Should some metals be ‘weighted’
more than others in decision-making?

Although all metals are toxic at elevated concentrations,
certain metals are more frequently implicated with risks
to ecological and human receptors. It is for this reason
that the London Convention and London Protocol define
so-called Annex | and Annex Il metals. As a reminder, the
Annex | metals are mercury and cadmium, while all other
metals fall into Annex Il. Mercury is of particular concern
because of the risk it poses to ecological and human
receptors through biomagnification. In the United States
of America, which has the most comprehensive database
in the world, mercury is by far the most important
contaminant/chemical responsible for the issuing of fish
consumption advisories. It is in fact the only metal of the
five contaminants that were responsible for 97% of the
fish consumption advisories issued in 2008 (latest year
for which nationwide data are available). The remaining
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chemicals were all of an organic type, including
polychlorinated biphenyls and organochlorine pesticides.

There is undoubtedly strong motivation to weight
mercury and other chemicals that have a high
bioaccumulation and biomagnification potential more so
than others for decision-making. This said, many
jurisdictions/countries consider all chemicals
equivalently in terms of guideline exceedance. Some
jurisdictions/countries do, however, include
bioaccumulation guidelines for the precise reason that
bioaccumulative chemicals are a significant concern.
Other jurisdictions/countries do not specifically
incorporate a bioaccumulation factor into sediment
quality guidelines but have developed tissue residue
guidelines aimed at protecting wildlife species (e.g.
Canada, CCME 2002) and humans that consume aquatic
organisms. Many jurisdictions/countries also require that
laboratory-based bioaccumulation testing be perfomed
if chemicals with a high bioaccumulation and
biomagnification potential are measured in sediment at
a concentration that warrants concern.

If a decision is made to include a wider suite of chemicals
in the sediment quality guidelines, then consideration
will need to be given to chemicals that are persistent and
bioaccumulative.

Key issue:

12.Should all chemicals included in the revised National
Action List be weighted equivalently in terms of
decision-making? If not, which chemicals should be
considered more important than others?

13 Should sediment bioaccumulation guidelines be
considered for the revised National Action List, or
should bioaccumulation be monitored through other
dedicated monitoring programmes for dredging
area?

22.3 Chemical mixtures

As discussed elsewhere in this report, sediment quality
guidelines are derived for individual contaminants. More
often than not, however, contaminants occur as complex
mixtures in sediment. The significance of their
occurrence in complex mixtures is that contaminants
may interact to effect toxicity in three ways, namely less
than additive (antagonistic)) more than additive
(synergistic) and additive. If contaminants have a similar
mode of toxic action, then dose (or concentration)-
additive toxicity is typically hypothesised (Cassee et al.
1998, USEPA 2000). This assumption appears to be well
met within classes of organic contaminants, including

aromatic hydrocarbons. Joint-toxicity of
with dissimilar toxic action is usually
hypothesised to be independent and elicit response-
addition toxicity (Broderius 1991, Faust et al. 2000).
respond to contaminant
because individual

polycyclic
chemicals

However, organisms may

mixtures in unexpected ways
contaminants sometimes interact, modifying the overall
magnitude or nature of toxicity (Cassee et al. 1998).
These non-additive toxicant interactions, expressed as
synergisms or antagonisms, pose a significant challenge
to hazard assessment. Research suggests that interactive
effects are common, at least within and between certain
chemical classes with different modes of toxic action.
Synergisms between insecticides and herbicides appear
to be frequent (Pape-Lindstrom and Lydy 1997).
Norwood et al. (2003) concluded that synergisms and
antagonisms for metals are more common than
response-addition toxicity. However, the toxicity of
metal mixtures cannot reliably be predicted based on
the toxicity of individual metals - additive, synergistic, or
antagonistic interactions may result (Franklin et al. 2002,
Norwood et al. 2003). Metals and polycyclic aromatic
hydrocarbons have dissimilar toxicology, but several
studies suggest co-occurrence may elicit complex,
interactive effects (Gust 2005, Fleeger et al 2007).

Considering these complexities and our relatively poor
understanding of how chemicals interact in sediment to
influence toxicity, whether it is realistic to consider an
additive guideline for the revised National Action List is
debatable. The author could not find a single additive
sediment quality guideline in the scientific literature,
which probably indicates that such an approach is
unsuitable. An approach that has, however, received
considerable attention in the context of chemical
mixtures and which assumes additivity is the so-called
mean sediment quality guideline quotient approach
(Long et al. 1998). This approach has been shown to
increase predictive ability (Long et al. 1998, MacDonald
et al. 2000, Fairey et al. 2001).

A mean sediment quality guideline quotient s
determined by calculating the arithmetic mean of the
quotients for contaminants, which are
themselves calculated by dividing the concentrations of
chemicals by their respective sediment quality
guidelines. Typically, the Level Il guideline is used for
quotient calculation. The result is a single, unitless,
effects-based index of the relative degree of
contamination that can provide a basis for determining
the likelihood that a sediment sample will be toxic to
sediment-dwelling organisms (Long et al. 2006). The
quotient incorporates the number of chemicals

various
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exceeding a sediment quality guideline as well as the
magnitude of the exceedance. The inherent assumption
of mean sediment quality guideline quotient approach is
that the contributions of each chemical to toxicity are
additive. That is, the assumption is that the chemicals in
the sample are not acting antagonistically or
synergistically. This approach provides a number of
advantages for interpreting the significance of complex
mixtures of potentially toxic substances in sediments,
including that it summarises complex data into a single
value that can then be directly compared between sites.

As with all approaches, the mean sediment quality
guideline quotient approach has limitations. The ability
of the mean sediment quality guideline quotient to
predict the likelihood for adverse effects is dependant
on the number and type of sediment quality guidelines
that are used to calculate the quotient (Fairey et al.
2001). Mean sediment quality guideline quotients can
also be a relatively poor predictor of toxicity when
applied to sediments containing high concentrations of a
single chemical, other chemicals at low
concentrations drive the mean quotient downward
(vidal and Bay 2005). However, the single most
significant hindrance to the use of the mean sediment
quality guideline quotient for the revised National Action
List is that the relationship between mean quotients and
adverse effects to sediment-dwelling organisms would
be unknown irrespective of the guidelines adopted.
Thus, the predictive ability of quotient values has not
been established for local waters and will not be
established for some time if the existing state of science
in South Africa is considered. Obviously, rating criteria
attached to the sediment quality guidelines adopted, but
three of the four candidate sediment quality guidelines
have no guidance on their use in this context. Only the
British Columbia sediment quality guidelines incorporate
this approach. Of course, we could simply use the
approach that a mean sediment quality guideline
quotient of 21 is indicative of a high probability for
adverse effects to sediment-dwelling organisms. The
mean sediment quality guideline quotient could also be
calculated using Level | and/or Level Il guidelines. In the
case of quotients calculated from Level Il guidelines, the
intent would then be to identify sediment that should
not be considered suitable for unconfined, openwater
disposal.

since

Key issue:

14.Should chemical mixtures be considered? If so,
should this be on an additive basis or through a mean
sediment quality guideline quotient approach?

22.4 Decision criteria

As stated elsewhere in this report, it is not the authors’
responsibility to formulate the sediment quality
guideline component of the revised National Action List
or the decision-making criteria linked to the list. The
author has, however, considered it prudent to provide
some options in this context.

In many jurisdictions/countries, decision criteria
associated with sediment quality guidelines for dredging
projects are straightforward. In most cases, exceedance
of a single Level | guideline triggers the need for further
assessment, while a single exceedance of a Level Il
guideline indicates that the dredged material is

unsuitable for unconfined, openwater disposal.

However, many workers consider the exceedance of a
single empirically-based sediment quality guideline to be
an unreliable indicator of toxicity/adverse effects (e.g.
Long et al. 2000, Fairey et al. 2001, Vidal and Bay 2005).
The presence of many contaminants in a sediment
sample and the often high degree of correlation amongst
them indicates that most empirically-based sediment
quality guidelines should not be used in isolation, but
rather in combination to provide an overall indication of
the potential for adverse effects. It is for these reasons
that some jurisdictions follow a complex decision-making
process and consider the potential effects of chemical
mixtures using the mean sediment quality guideline
quotient approach. As an example, the decision criteria
associated with the sediment quality guidelines of British
Columbia (MacDonald et al. 2003) are provided below.
The reader will recall that the sediment quality
guidelines comprise two guidelines (these are referred
to as criteria), for so-called Sensitive Contaminated Sites
(Level 1) or Typical Contaminated Sites (Level II).

A sensitive or typical site is a contaminated site if any of

the following conditions exist:

e The 90" percentile concentration of one or more
chemicals of concern equals or
respective Sediment Quality Criteria for Sensitive/
Typical Contaminated Sites (i.,e. 9 of 10
measurements must be below the Sediment Quality
Criteria to designate a site as uncontaminated) and
exceeds upper limit of background for that substance
(i.e. mean + 2 standard deviations),

e The concentration of one or more analytes exceeds
their respective Sediment Quality Criteria for
Sensitive/Typical Contaminated Sites by a factor of
two or more in any sediment sample and exceeds
upper limit of background for that substance (i.e.
mean + 2 standard deviations),

exceeds their
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e The 90" percentile mean Sediment Quality Criteria
for Sensitive/Typical Contaminated Sites quotients
for the contaminant mixture equals or exceeds 1.0,

e The mean Sediment Quality Criteria for Sensitive/
Typical Contaminated Sites quotients for the
contaminant mixture in any sediment sample equals
or exceeds 2.

The level of straightforwardness or complexity of
decision criteria associated with the revised National
Action List needs to be reached through consensus but,
importantly, also requires consideration of several issues
related to the sampling design used for sediment
collection. The British Columbia sediment quality
guideline example above illustrates that a decision is not
made from data for a single sediment sample, but rather
on the percentile distribution across a number of
sediment samples (in this case 10 samples). This and
other factors that require consideration in this context
are discussed below.

23. Some factors that influence decision
criteria

Although this report focuses predominantly on the use
of sediment chemistry for reaching decisions on the
suitability of sediment identified for dredging for
unconfined, openwater disposal, other factors should be
considered for decision-making. Thus, the revised
Action List should comprise more than
sediment quality guidelines and associated biological
assessment. Further, how decisions are made can be
influenced by the manner in which sediment samples are
collected and used to characterise the dredging area.

National

23.1 Nature of the dredged material

In many jurisdictions/countries, the assessment process
begins by considering the grain size composition and
total organic content of the material identified for
dredging. Many jurisdictions/countries exempt sediment
comprised predominantly of sand and gravel from
detailed assessment (predominantly usually defined as
above about 85% contribution to bulk sediment, and
sand classified as that retained on a No 200 sieve (mesh
diameter of 63 um)). In these cases, the focus is on the
environmental impacts of the physical processes of
dredging the material and its disposal. The rationale for
excluding sediment comprised predominantly of sand is
that, as discussed elsewhere in this report, the relatively
large surface area to volume ratio of fine-grained
particles and environmental characteristics of areas
where fine-grained particles settle out of the water
column, contaminants are generally associated with silts

and clays. Sand is, in contrast, unable to sequester
contaminants due to its relatively small surface area to
volume ratio and ‘uncharged’ surface. Therefore, it is
highly unlikely that sediment comprised predominantly
of sand will accumulate contaminants to a degree that
these pose an ecological risk.

Other exemption criteria include previously undisturbed
geological material and small volumes of sediment. With
regard to the latter criterion, small is typically taken as in
the order of about 1000 cubic meters.

23.2 Nature of dredging site

Sediment dredged from minimally anthropogenically
impacted areas is often also excluded from a detailed
assessment. For example, the dredging of sediment from
a marina in an estuary surrounded by a small village is
likely to meet these criteria as there is unlikely to be a
high load of contaminants and the volume of sediment
that requires dredging is likely to be small. In such a
situation there is little point in burdening the local
authority and/or the dredging proponent with the costs
of performing a detailed chemical assessment because
there is a high probability that chemical concentrations
will not exceed the Level | guidelines. In contrast, most
ports in South Africa will require a detailed assessment
on a yearly basis.

23.3 Disposal site characteristics

Other criteria include the nature of the disposal site,
primarily whether it is of a dispersive or non-dispersive
type. There are both disadvantages and advantages in
this context. Dispersive sites are generally found in high-
energy hydrodynamic environments and, because of
strong currents and other forms of turbulence, are
unlikely to contain and retain fine-grained sediment and
are therefore unlikely to be contaminated with, or
retain, particle-reactive contaminants. Obviously, if
dredged material that is winnowed from the site
accumulates predominantly in a specific offsite area,
then there may be continual deposition of contaminated
sediment at this site and this may impact on benthic
fauna and other organisms. However, there is often such
a large volume of sediment moving through the area by
bedload transport that this is unlikely to be a problem.
At non-dispersive (or depositional) sites, in contrast, the
hydrodynamic environment is of a low-energy nature
and fine-grained dredged material accumulates at the
site. If this material is significantly contaminated, then
the risk exists for organism exposure. However, these
types of sites are amenable to capping and other types
of contaminated sediment containment.
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Key issue:

15. What factors other then sediment chemistry and
biological assessment should be considered for
decision-making?

23.4 Sampling design considerations

The sampling design for sediment quality assessments
needs to be resolved. This report does not consider the
numerous, critical aspects of sediment sampling
campaigns and laboratory assessment. These should be
addressed within a dredged material assessment
framework, of which the revised National Action List will
comprise a part. However, several factors associated
with sediment sampling campaigns will have an
important bearing on decision criteria associated with
the Action Levels of the revised National Action List.
These are discussed below.

23.4.1 Consideration of dredged material
management units

For dredging projects in the United States of America,
the US Army Corp of Engineers uses the concept of
dredged material management units to facilitate
decision-making. A dredged material management unit is
the smallest volume of dredged material that is truly
dredgeable (i.e. capable of being dredged independently
from adjacent sediments) and for which a separate
disposal decision can be made. Thus, a given volume of
sediment can only be considered a dredged material
management unit if it is capable of being dredged,
evaluated and managed separately from all other
sediment in the project area.

Although a dredged material management unit will have
a minimum spatial extent, there is no upper limit to the
size of a dredged material management unit. Sediment
from each dredged material management unit is
independently evaluated to determine whether it is
suitable for unconfined, openwater disposal. A dredged
material management unit can be identified on the basis
the grain size composition of the sediment. The rationale
for identifying a dredged material management unit on
the basis of sediment grain size is that sediments with a
similar physical composition will have a similar potential
for contaminant accumulation. Of course, in an
environment such as a port, sediment of a similar grain
size composition (e.g. mud) is likely to accumulate over a
large area of the port but may not be comparably
contaminated. For these reasons, other dredged
management unit definition considerations
include the type and concentrations of chemicals that
have previously been measured in the sediment (if a

material

sediment quality assessment has been performed in the
area previously) and proximity to known sources of
contaminants. Dredged material management units
should be identified before (detailed) fieldwork is
performed, since this will define the sampling design
that will be implemented (e.g. location and number of
sediment sampling sites). Although this might require a
pre-survey that focuses on, for example, the grain size
composition of sediment, these types of surveys are
relatively inexpensive and can provide valuable
information on how to define dredged material
management units. Ultimately, such surveys may
provide a cost saving.

An alternate sampling design that is frequently
implemented but is conceptually similar to the dredged
management unit type of design is some form of
stratified (including random-stratified) sampling. This
type of sampling divides the area of interest into
predefined areas (or strata), usually of a square or
hexagonal shape. These are the strata, and each stratum
is then sampled, or a few strata are sampled but those
sampled are identified using random tables. This type of
sampling design is particularly powerful for determining
spatial trends. The size of strata can vary, so that the
sampling density is higher in locations where the
probability of sediment contamination is greatest. For
example, in Hong Kong the dredging area is divided into
a grid of square shaped strata, with the maximum size of
200 m x 200 m in sediment where contamination is
expected or known (from previous data) to be low, and
50 m x 50 m for sediment where a higher level of
contamination is expected or known to occur (ETWB
2002).

Although the subject of sampling design for dredging
projects does not fit directly into the revision of the
National Action List, it is discussed here since the
sampling design influences decision-making, especially
from a representivity perspective.

23.4.2 Number of samples, compositing of
samples, and re-sampling

The number of sediment samples and the number of
laboratory analyses required to characterise a dredged
material management unit (or any other concept that
may be used in South Africa) must be clarified. The usual
approach in South Africa is to collect a single sediment
sample from a site and to analyse the sample in the
laboratory for a suite of chemicals. The inherent
assumption in this approach is that the magnitude of
contamination is uniform in the vicinity of the site.
However, the ‘vicinity of the site’ is hardly ever explicitly
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defined, but rather depends on the nearest neighbour
site. The distance between some sediment sampling
sites in South African ports may range from less than 100
meters to almost 1000 meters. Although the assumption
of uniformity between sites might well apply in some
situations, when sites are situated far apart this
assumption almost certainly does not hold true. It is in
these disparate situations where the definition of
dredged material management units and the number of
sediment samples to characterise such a unit require
consideration.

The measurement of chemicals (or any other
parameters) in a single sediment sample collected from
a dredged material management unit assumes that this
sample is representative of the entire unit. However,
there are two possible scenarios that may arise. Firstly,
the single sediment sample might be collected from a
part of the dredged material management unit where
there is significant but highly localised contamination. In
contrast, the sediment sample might be collected from a
part of the dredged material management unit where
the level of contamination is far lower compared to the
remainder of the unit. Either of these situations has a
greater probability of being realised as the surface area
of the dredged material management unit increases.
Nevertheless, both situations will create an inaccurate
understanding of the degree of contamination of the
sediment and may influence management decisions. In
the first scenario, the failure to properly characterise the
dredged material management unit will penalise the
dredging proponent, since the regulatory authority may
require an alternate and costly approach to dredging and
disposal of the sediment. In the second scenario, the
failure to properly characterise the dredged material
management unit may pose unacceptable risks during
the dredging process and at the dredged sediment
disposal site.

A logical strategy to overcome these potential scenarios
is to define dredged material management units based
on the grain size composition of the sediment and the
volume of sediment that requires dredging. Historical
monitoring data and available information on potential
sources of contaminants to the dredged material
management unit can be used as a basis for deciding
whether it should be divided into smaller dredged
material management units. There obviously needs to be
a minimum size for a dredged material management
unit, based on dredgeability. To fully characterise the
dredged material management unit, composite rather
than single sediment samples could be collected. This is,
for example, the approach adopted by the US Corps of

Engineers in the USA. Composite sample are generated
by collecting a similar volume of sediment from a
number of sites uniformly distributed across a dredged
material management unit, combining the sediment,
homogenising it, and then removing an aliquot for
laboratory analysis. The obvious benefits of this
approach are that the composite sample provides a
better estimate of the average concentration of
contaminants in sediment over the dredged material
management unit, and that fewer sediment samples
need to be analysed in the laboratory and hence the
costs for analysis are lower. The number of separate
samples required for a composite sample needs to be
determined on a case-by-case basis, but power analysis
can be used for this purpose. Alternately, dredged
material volume based numbers of sediment samples
identified by other jurisdictions/countries can be used
(e.g. Chevrier and Topping 1998). The most important
disadvantages of this approach are that because of the
averaging effect of the composite sample, small but
highly contaminated areas of sediment might not be
detected, and the time required to collect additional
sediment samples for the composite sample has cost
implications because fieldwork teams will need to
remain in the field for longer periods.

There is obviously an option to collect and analyse single
sediment samples, and to then resample in the vicinity
of sites where high contaminant concentrations were
measured in order to characterise the extent of the
contaminated sediment. The obvious disadvantage of
this approach is the increased costs associated with the
redeployment of the fieldwork team and the analysis of
additional sediment samples.

Key issue:

16. Should the concept of dredged material management
units be adopted? If so, what factors will be used to
determine the spatial extent of a dredged material
management unit?

17.Should a site, or dredged material management unit
if this concept is adopted, be represented by a single
or a composite sediment sample?

23.4.3 Depth of sediment sampled

In situ sediment quality assessment programmes
commonly only sample the surface 5 - 10 cm of the
sediment. This is generally regarded as the most
biologically active zone, and hence represents the zone
of immediate interest. For dredging programmes,
however, assessment typically requires that deeper

layers of sediment be sampled and analysed, for the
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reason that dredging operations are not restricted to the
surface few centimetres of the sediment and the deeper
layers may be contaminated. This said, many regulatory
authorities only require the collection and analysis of
surface sediment in areas that are frequently (e.g.
maintenance) dredged.

The main implication of sampling deeper layers of
sediment are that the costs will increase, since the
collection of this sediment requires some form of coring.

Key issue:

18. Should sediment samples only be collected from the
surface, or should deeper sediments also be
sampled?

24. Options for further assessment

If the concentrations of chemicals in sediment fall
between Level | and Level Il guidelines then most
jurisdictions/countries require that the sediment be
tested further before a decision is made on its suitability
of for unconfined, openwater disposal. Further
assessment can be approached from two, not mutually
exclusive perspectives, namely chemical and biological.
This section provides a brief overview of these
approaches and identifies possible tests that could be
implemented in South Africa. As stated elsewhere in this
report, the existing state of science in terms of biological
assessment of sediment quality in South Africa is poor,
meaning that few of the approaches used in other
jurisdictions/countries can be applied locally.

24.1 Chemical assessment

As discussed previously, the measurement of chemicals
in sediment provides an understanding of whether the
sediment is contaminated. Sediment chemistry does not,
however, provide an understanding of whether the
measured chemicals are in a bioavailable form. Taking
metals as an example, a proportion of the metal
concentration measured in the laboratory will have been
released from the sediment crystal lattice during acid
digestion. Clearly, metals bound in the crystal lattice of
sediment are not in a bioavailable form and hence
cannot exert toxicity.

Although biological assessment is required to determine
whether the metals are in a bioavailable form, several
chemical procedures have been developed to estimate
whether impacts associated with the dredging process
and the disposal of dredged sediment are likely to
manifest. The most common approach is the sediment
elutriate test (this test also has application for biological

assessment, as discussed below). The test was designed
and developed by the United States Environmental
Protection Agency and US Corps of Engineers to provide
a technically more appropriate alternative to sediment
chemistry for evaluating the potential adverse effects of
dredged sediment on water quality. The test simulates
the release of contaminants from sediment during
hydraulic dredging-hopper disposal operations.

In short, the test entails the mixing of one volume of
sediment with four volumes of water in the laboratory.
This mixture is then either agitated with compressed air
or in a sealed vessel on an automatic shaker for 30
minutes, and allowed to settle for one hour. The
supernatant is then decanted, filtered and/or
centrifuged, and concentrations of targeted chemicals in
the supernatant are then measured.

The United States Environmental Protection Agency
guidelines for assessing the impact of dredged material
disposal on water quality require that applicable marine
water quality criteria or other toxicity criteria specified
not be exceeded after allowing for initial mixing. Initial
mixing is defined as that: ‘which occurs within four hours
after dumping’ (USEPA 1992). The extent of initial mixing
is determined using a mathematical model if sufficient
data are available, or by other means if insufficient data
are available (e.g. ‘The liquid and suspended particulate
phases of the waste may be assumed to be evenly
distributed after four hours over a column of water
bounded on the surface by the release zone and
extending to the ocean floor, thermocline or halocline if
one exists, or to a depth of 20 m, whichever is
shallower.” (a dilution factor can readily be calculated
from such data)). The elutriate test obviously uses a
sediment dilution of 1:4, which greatly overestimates
water quality impacts because within a four hour period
dilutions would normally be hundreds of times greater,
especially for dispersive site. The test data must
therefore be entered into the model, if available, or
multiplied by an appropriate dilution factor after four
hours in order to assess whether or not the water quality
criteria will be exceeded after disposal.

The principle advantage of the sediment elutriate test is
that it is relatively simple to perform. The principle
disadvantage is that low detection limits are required for
some contaminants. This means that the analyses can be
expensive.

As second chemical assessment approach is the
Simultaneously Extracted Metal/Acid Volatile Sulphide

approach, although this is specific only to metals. The
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theory relating to this procedure and how it is used to
assess sediment quality was discussed elsewhere (see
section 9.1.3)

Key issue:

19. Should the sediment elutriate test be considered as a
further assessment tool?

20.Should the Simultaneously Extracted Metal/Acid
Volatile Sulphide approach be considered as a further
assessment tool?

24.2 Biological assessment

The ultimate concern in any sediment quality
assessment is whether biological resources are being
adversely impacted by the accumulation of
contaminants in sediment. Various biological lines of
evidence for reaching a decision on whether dredged
sediment is suitable for unconfined, openwater disposal
have been developed. These include whole sediment
toxicity testing, sediment elutriate toxicity testing,
bioaccumulation testing, and analysis of the composition

of benthic invertebrate communities.

Whole sediment toxicity testing, sediment elutriate
toxicity testing, and bioaccumulation testing are
commonly used for dredging assessments (e.g. Torres et
al. 2009), but at two different stages (tiers) in the
decision-making framework. In many jurisdictions/
countries, sediment identified for dredging and in which
the concentrations of chemicals are such that further
testing is required, the sediments toxicity must be tested
using a suite of tests that consider both acute and
chronic toxic effects. Unfortunately, and as mentioned
on several occasions elsewhere in this report the state of
science with regard to the biological assessment of
sediment quality in South Africa is poor. Presently, only
one toxicity test is fairly frequently used for assessing
the toxicity of sediment porewater and elutriates,
namely the sea urchin fertilisation test. Although this
test can be used for this purpose, there is still a need to
evaluate the influence of numerous confounding factors
on test results. These include the influence of ammonia
and sulphides, which are both highly toxic to organisms
at elevated concentrations. A further limitation of this
test is that sea urchins in a spawning condition are not
always available, due to season reproduction.

No whole sediment toxicity or bioavailability tests have
been developed for application in South Africa.
Considering that the development of scientifically
defensible toxicity tests is a lengthy process (minimum of
two year but up to five years), there is little probability

that other toxicity tests will be available for testing
sediment in the near future unless test organisms used
in other countries are imported and used in South Africa.
The legal implication of importing and culturing these
organisms in South Africa is uncertain but warrants
investigation. There is of course the option of sending
sediment samples to international
toxicity testing, but this will have significant financial

laboratories for

implications. For example, the costs for various sediment
toxicity tests in the state of California in the USA range
between about R4 800 to R11 200. These costs exclude
the costs of transporting sediment to the testing
laboratory.

Although analysis of the composition of benthic
invertebrate communities is a widely used tool for
assessing sediment quality, the state of this science in
South Africa is poor. The primary reason is that almost
all South African benthic ecologists do not perform
research in pollution related issues, and therefore have
not tailored their research to address the requirements
of pollution detection through benthic invertebrate
community composition. Thus, benthic response indices
that can be used to identify when these communities
have been adversely affected through pollution have not
been developed. A significant limitation of using the
composition of benthic invertebrate communities to
detect adverse effects in sediment from ports is that
sediment from ports is routinely disturbed through
dredging and propeller wash. In other words, the benthic
invertebrate communities too are frequently disturbed
by these impacts, to the extent that it becomes difficult
to discriminate between pollution and propeller wash
and dredging induced impacts. Nevertheless, the use of
benthic invertebrate community composition as a tool
for assessing sediment quality should be considered.
However, it is improbable whether this should be
included within the National Action List.

Key issue:

21.What form of biological assessment is required in
situations chemical concentrations fall

between the Level | and Level Il guidelines?

where

25. National Action List terminology

Although a seemingly innocuous consideration,
appropriate terminology for the National Action List
must be defined. Some jurisdictions/countries have used
the qualifier interim for Action Lists and/or sediment
quality guidelines (e.g. Interim Sediment Quality
Guidelines). The author is not of the opinion that the
term ‘interim’ should be used since this implies that the

National Action List or the sediment quality guidelines
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are of a provisional or temporary nature and, in time,
will be formalised. The reality is that as and when new
data becomes available, and new skills and tools for
performing sediment quality assessments in South Africa
are developed, the National Action List should be
continually revised. In fact, the author strongly
recommends that consideration be given on an annual
basis as to whether the National Action List can or
should be revised. The National Action List could, in
these circumstances then be permanently considered as
of an interim nature.

Stakeholders will need to make a decision on the
terminology used to decribe the National Action List, and
some suggestions include Dredged Material National
Action List, or a Dredging Assessment National Action
List.

Suitable terms for the sediment quality guideline
component of the National Action List will also need to
be defined. It is the authors option that terms such as
Action Level, Special Care Level and Prohibition Level
should be avoided. Sediment quality guidelines comprise
one component of an Action Level, and hence should not
themselves be referred to as an Action Level unless the
sediment quality guidelines are the only component of
the Action Level. The terms Special Care Level and
Prohibition Level are loose and definitive respectively.
The term prohibition is in fact so definitive that it implies
that no further consideration will be given. But, as stated
elsewhere in this report sediment quality guidelines are
not definitive decision-making tools, but rather should
be used in a weight of evidence approach. Although
prohibition may be invoked followed a sediment quality
assessment, this should not be made against a single
measurement. In many cases, the simplest terms are the
most apt. For example, the guidelines could be referred
to as levels (e.g. Level 1) or as lower and upper
guidelines.

Key issue:

22.Stakeholders are requested to recommend terms for
the National Action List per se and for the Level | and
Il sediment quality guidelines. Should stakeholders
consider the need for more than two sediment
quality guidelines, they are requested to recommend
terms in this context.

26. ‘Treatment’ considerations

If sediment is deemed so contaminated that it is
unconfined, openwater disposal,
alternative disposal or treatment options need to be
considered. As mentioned previously, whether South

unsuitable for

Africa is in a position to prohibit the unconfined,
openwater disposal of dredged sediment is debatable.
Presently we do not have the technical expertise and
especially the financial resources to consider alternate
disposal or remediation options, at least not for large
volumes of sediment. It is inevitable, therefore, that we
will either need to ensure that sediment does not reach
a stage where it becomes so contaminated that it cannot
be dredged, or alternate management strategies will
need to be identified. The challenges facing our country
should not be seen as a ‘free ticket’ to the disposal of
contaminated sediment. This will render the South
African government in breach of international treaties
and conventions, but also endangers our natural
resources and ultimately our citizens, from health as well
as socio-economic perspectives.

One management strategy that may be possible is
sediment blending, wherein contaminated sediment is
mixed  with uncontaminated  sediment.  Thus,
concentrations of contaminants in the sediment are
‘diluted” with clean(er) material. This will certainly be a
challenge in small ports, however, such as Cape Town,
Port Elizabeth and East London. The reason is that there
might not be sufficient ‘clean’ sediment in these ports
for this purpose. This will then either require the
dredging of sediment from sand traps, or from offshore
areas. Either way, this will pose problems. In most cases,
sediment dredging from sand traps is used for shoreline
nourishment. Dredging sediment from offshore areas
may in turn require an Environmental Impact
Assessment. These considerations should be sufficient
warning to organisations that the implications of
sediment contamination are potentially significant from
a financial perspective.

Any decisions and strategies in this context are beyond
the scope of this report, but are identified because they
will require consideration in future. Branch Oceans and
Coasts of the Department of Environmental Affairs
should consult experts in the field of dredging at each
port in South Africa to determine which ‘treatment’
options are feasible in the event that dredged material is
so contaminated that its unconfined, openwater disposal
is likely to pose significant and unacceptable risks in the
receiving environment.

27. National dredging assessment
framework

The revised National Action List will not comprise a
dredging assessment framework, but will need to be
incorporated within such a framework. The objective of
a dredging assessment framework is to define the
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procedures that will be followed to determine
management options for dredged material. As such it
provides a predictable and consistent procedure to the
evaluation of dredging assessment. Besides including the
National Action list, which is one of the tools for
decision-making, such frameworks include specifications
and guidance on such issues as the methods for
sediment sampling in the field and for sample analysis in
the laboratory, the permitting procedure and so on.

The framework should be sufficiently prescriptive that
decision-making is  consistent, predictable and
transparent, while at the same time incorporating
flexibility in decision-making at the site specific level and
for the allowance of best professional judgement. The
framework should be tiered, such that successive involve
increasingly complex assessments and build on data
generated in lower tiers. Such a framework provides
structure to assessments, and prevents the common
shotgun approach to assessments, where all and
everything is analysed in the hope that a story will
emerge. It also prevents such a cursory assessment that
no matter how hard one tries, a confident decision
simply cannot be made. The framework should be
described in a document in such a manner that it
essentially comprises a guidance manual targeted at
both  dredging proponents and environmental
consultants that may be employed by dredging
proponents to perform the assessment. The
responsibility for the compilation of the dredging
assessment framework rests with branch Oceans and
Coasts of the Department of Environmental Affairs and
Tourism, but will require input and consensus from a
range of stakeholders, especially for the technical
components of the framework. However, there are
frameworks developed by a number of jurisdictions/
countries that can be used as a template for the South
African dredging assessment framework - the wheel
does not need to be reinvented, but rather adapted to
local conditions and available expertise.
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29. Appendices

Appendix 1

CHAPTER 8
MARINE AND COASTAL POLLUTION CONTROL
Dumping permits
71. (1) A person who wishes to dump at sea any waste or other material must—
(a) apply in writing to the Minister in the form stipulated by the Minister for a dumping permit that authorises the waste or
other material to be loaded aboard a vessel, aircraft, platform or other structure and to be dumped at sea; and
(b) pay the prescribed fee.
(2) When deciding an application for a dumping permit contemplated in subsection (1), the Minister must have regard to—
(a) the Waste Assessment Guidelines set out in Schedule 2;
(b) any coastal management programme applicable in the area;
(c) the likely environmental impact of the proposed activity;
(d) national legislation dealing with waste;
(e) the interests of the whole community;
(f) transboundary impacts and international obligations and standards; and
(g) any other factors that may be prescribed.
(3) The Minister may not grant a dumping permit that authorises the dumping of any waste or other material, other than—
(a) dredged material;
(b) sewage sludge;
(c) fish waste, or material resulting from industrial fish processing operations;
(d) vessels and platforms or other man-made structures at sea;
(e) inert, inorganic geological material;
(f) organic material of natural origin; or
(g) bulky items primarily comprising iron, steel, concrete and similarly nonharmful materials for which the concern is
physical impact, and limited to those circumstances where such wastes are generated at locations, such as small islands
with isolated communities, having no practicable access to disposal options other than dumping at sea.
(4) The Minister may not issue a dumping permit if—
(a) the waste or other material proposed for dumping contains—
(i) levels of radioactivity greater than as defined by the International Atomic Energy Agency and adopted by the
contracting parties to the Protocol to the Convention on the Prevention of Marine Pollution by Dumping of
Wastes and Other Matter adopted on 7 November 1996; or
(ii) material which is capable of creating floating debris or otherwise contributing to the pollution of the marine
environment and which could be removed from the material proposed for dumping;
(b) dumping the waste or other material in question—
(i) is likely to cause irreversible or long-lasting adverse effects that cannot satisfactorily be mitigated;
(ii) would cause a serious obstacle to fishing or navigation;
(iii) would prejudice the achievement of any coastal management objective contained in a coastal management
programme;
(iv) would be contrary to the obligations of the Republic under international law; or
(v) would be contrary to the interests of the whole community.
(5) A dumping permit must be issued for a specified period of not more than two years but may be renewed once for a period
of not more than two years.

Emergency dumping at sea
72. (1) The Minister may in relation to any application for a dumping permit referred to in section 71 dispense with any prescribed
procedure, including any consultation and public participation processes, if—

(a) the dumping at sea of a quantity of any particular waste or other material is necessary to avert an emergency that
poses an unacceptable risk to the environment or to human health or safety; and

(b) there is no other feasible solution.

(2) Before issuing a permit in the circumstances contemplated in subsection (1), the Minister must consult with—

(a) any foreign state that is likely to be affected by the proposed dumping at sea; and

(b) the International Maritime Organisation.

(3) The Minister must—

(a) as far as reasonably possible in the circumstances, follow any recommendations received from the International
Maritime Organisation when imposing permit conditions regarding the procedures to be followed in conducting the
loading or dumping at sea of the relevant quantity of waste or other material; and

(b) inform the International Maritime Organisation of any action taken under this section within a reasonable period.

National action list
73. (1) The Minister must progressively and subject to available resources, develop a national action list to provide a mechanism
for screening waste and other material on the basis of their potential effect on human health and the marine environment.
(2) The national action list must—
(a) be developed in accordance with the Waste Assessment Guidelines set out in Schedule 2; and
(b) contain the prescribed information.
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Appendix 2
SCHEDULE 2
(Section 71)

GUIDELINES FOR THE ASSESSMENT OF WASTES OR OTHER MATERIAL
THAT MAY BE CONSIDERED FOR DUMPING AT SEA
(“the Waste Assessment Guidelines’’)

GENERAL

1.

This Schedule sets out guidelines for reducing the necessity for dumping at sea in accordance with Schedule Il to the Protocol
to the Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matters adopted on 7 November
1996.

WASTE PREVENTION AUDIT

2.

The initial stages in assessing alternatives to dumping at sea should, as appropriate, include an evaluation of—
(a) the types, amounts and relative hazard of wastes generated;
(b) details of the production process and the sources of wastes within that process; and
(c) the feasibility of the following waste reduction or prevention techniques:
(i) product reformulation;
(ii) clean production technologies;
(iii) process modification;
(iv) input substitution; and
(v) on-site, closed-loop recycling.

In general terms, if the required audit reveals that opportunities exist for waste prevention at its source, an applicant for a
permit is expected to formulate and implement a waste prevention strategy, in collaboration with the relevant local,
provincial and national agencies, which includes specific waste reduction targets and provision for further waste prevention
audits to ensure that these targets are being met. Permit issuance or renewal decisions must assure compliance with any
resulting waste reduction and prevention requirements.

For dredged material and sewage sludge, the goal of waste management should be to identify and control the sources of
contamination. This should be achieved through implementation of waste prevention strategies and requires collaboration
between the relevant local, provincial and national agencies involved with the control of point and non-point sources of
pollution. Until this objective is met, the problems of contaminated dredged material may be addressed by using disposal
management techniques at sea or on land.

CONSIDERATION OF WASTE MANAGEMENT OPTIONS

5.

Applications to dump wastes or other material must demonstrate that appropriate consideration has been given to the
following hierarchy of waste management options, which implies an order of increasing environmental impact:

(a) re-use’

(b) off-site recycling;

(c) destruction of hazardous constituents;

(d) treatment to reduce or remove the hazardous constituents; and

(e) disposal on land, into air and in water.

The Minister will refuse to grant a permit if it is established that appropriate opportunities exist to re-use, recycle or treat the
waste without undue risks to human health or the environment or disproportionate costs. The practical availability of other
means of disposal should be considered in the light of a comparative risk assessment involving both dumping at sea and the
alternatives.

CHEMICAL, PHYSICAL AND BIOLOGICAL PROPERTIES

7. Adetailed description and characterisation of the waste is an essential precondition for the consideration of alternatives and
the basis for a decision as to whether a waste may be dumped. If a waste is so poorly characterised that a proper assessment
cannot be made of its potential impacts on health and the environment, that waste may not be dumped.

Characterisation of the wastes and their constituents must take into account—
(a) origin, total amount, form and average composition;
(b) properties: physical, chemical, biochemical and biological;
(c) toxicity;
(d) persistence: physical, chemical and biological; and
(e) accumulation and biotransformation in biological materials or sediments.
ACTION LIST
8. In selecting substances for consideration in the Action List referred to in section 73, the Minister will give priority to toxic,

persistent and bioaccumulative substances from anthropogenic sources (e.g., cadmium, mercury, organohalogens, petroleum
hydrocarbons, and, whenever relevant, arsenic, lead, copper, zinc, beryllium, chromium, nickel and vanadium, organosilicon
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compounds, cyanides, fluorides and pesticides or their by-products other than organohalogens). An Action List can also be
used as a trigger mechanism for further waste prevention considerations.

The Action List must specify an upper level and may also specify a lower level. The upper level should be set so as to avoid

acute or chronic effects on human health or on sensitive marine organisms representative of the marine ecosystem.

Application of an Action List will result in three possible categories of waste:

(a) wastes which contain specified substances, or which cause biological responses, exceeding the relevant upper level shall
not be dumped, unless made acceptable for dumping at sea through the use of management techniques or processes;

(b) wastes which contain specified substances, or which cause biological responses, below the relevant lower levels should
be considered to be of little environmental concern in relation to dumping at sea; and

(c) wastes which contain specified substances, or which cause biological responses, below the upper level but above the
lower level require more detailed assessment before their suitability for dumping at sea can be determined.

DUMP-SITE SELECTION

10.

The Minister will require at least the following information before deciding whether or not to approve a site for dumping at

sea:

(a) the physical, chemical and biological characteristics of the water-column and the seabed;

(b) the location of amenities, values and other uses of the sea in the area under consideration;

(c) the assessment of the constituent fluxes associated with dumping at sea in relation to existing fluxes of substances in the
marine environment;

(d) the economic and operational feasibility; and

(e) any relevant coastal management objectives.

ASSESSMENT OF POTENTIAL EFFECTS

11.

12.

13.

14,

Assessment of potential effects should lead to a concise statement of the expected consequences of the sea or land disposal
options, i.e., the “Impact Hypothesis”. It provides a basis for deciding whether to approve or reject the proposed disposal
option and for defining environmental monitoring requirements.

The assessment for dumping at sea must integrate information on waste characteristics, conditions at the proposed dump-
site or dump-sites, fluxes, and proposed disposal techniques and specify the potential effects on the environment, human
health, living resources, amenities and other legitimate uses of the sea. It must define the nature, temporal and spatial scales
and duration of expected impacts based on reasonably conservative assumptions.

An analysis of each disposal option must be considered in the light of a comparative assessment of the following concerns:
human health risks, environmental costs, hazards, (including accidents), economics and exclusion of future uses. If this
assessment reveals that adequate information is not available to determine the likely effects of the proposed disposal option
then this option may not be considered further. In addition, if the interpretation of the comparative assessment shows the
dumping at sea option to be less preferable, a permit for dumping will not be given.

Each assessment must conclude with a statement supporting a decision to issue or refuse a permit for dumping at sea.

MONITORING

15.

Monitoring is used to verify that permit conditions are met—compliance monitoring—and that the assumptions made during
the permit review and site selection process were correct and sufficient to protect the environment and human health—field
monitoring. It is essential that such monitoring programmes have clearly defined objectives.

PERMIT AND PERMIT CONDITIONS
16. A decision to issue a permit will only be made if all impact evaluations are completed and the monitoring requirements are

17.

determined. The conditions of the permit must ensure, as far as practicable, that adverse effects are minimised and the
benefits maximised. A dumping permit issued must contain data and information specifying—

(a) the types and sources of materials to be dumped;

(b) the location of the dump-site(s);

(c) the method of dumping at sea; and

(d) monitoring and reporting requirements.

The Minister will review permits for dumping at sea at regular intervals, taking into account the results of monitoring and the
objectives of monitoring programmes. Review of monitoring results will indicate whether field programmes need to be
continued, revised or terminated and will contribute to informed decisions regarding the continuance, modification or
revocation of permits. This provides an important feedback mechanism for the protection of human health and the marine
environment.
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Appendix 3’
GUIDELINES FOR THE MANAGEMENT OF DREDGED SPOIL IN SOUTH AFRICAN COASTAL WATERS

1. Introduction
Dredging activities can have a variety of negative effects on marine organisms, from habitat disturbance for benthic communities in
the dredged area, to physical smothering or chemical contamination of those on the disposal site. Inappropriate selection of
disposal sites can also result in interference with fishery activities, recreation and navigation. It is therefore important that dredging
activities be properly managed, both by limiting dredging to what is strictly necessary, and by controlling the use and/or disposal of
dredged materials.

2. Legal considerations

South Africa is a contracting party to the London (Dumping) Convention, which it ratified in 1978. The main provisions of the
Convention were incorporated into local legislation in the form of the Dumping at Sea Control Act 73 of 1980, which came into
force on 23 April, 1982. With respect to the dumping of dredged spoil into marine or estuarine waters, the London Convention:

a. Prohibits the dumping of dredged material containing Annex i substances, unless:
- the physical, chemical conditions will ensure that they are "rapidly rendered harmless"; or
- they are present only as "trace contaminants"; or
- in the case of radioactive materials, at "de minimis" levels.
In addition, they should not make edible organisms unpalatable or endanger human health or that of domestic animals.

b. Requires that dredged materials containing Annex II* substances in more than "significant amounts" be issued special
permits which prescribe "special care" measures and/or other limiting conditions.

c. In addition, any permits issued for dumping of dredged spoil must only be granted after an assessment of the factors
contained in Annex III°.

The implementation of the Convention with respect to dumping of dredged spoil thus requires the interpretation of the clauses
"rapidly rendered harmless", "trace amounts" "de minimis levels" and "significant amounts". While these issues are the subject of
ongoing investigation and debate at the international level, the objective of this document is to establish guidelines for their
interpretation in the South African situation with a view to providing a basis for the assessment and management of dredged spoil

disposal in our coastal waters. To begin with, it is useful to review existing interpretations.

a. "Rapidly rendered harmless"

In terms of Interim Guidelines adopted and amended at various Consultative Meetings of the contracting parties to the London
Convention, "rapidly rendered harmless" is taken to mean: "if tests of the waste or other matter proposed for dumping, including
tests on the persistence of the material, show that the substances can be dumped so as not to cause acute or chronic effects or
bioaccumulation in sensitive marine organisms typical of the marine ecosystem at the disposal site. A persistent substance should
not be regarded as "harmless" except when it is present as a "trace contaminant".

The Interim Guidelines also outline test procedures to be used in making such assessments.

b. "Trace amounts"
The above-mentioned Interim Guidelines, while they do not give any recommendations on what levels of contaminants should be
regarded as "trace amounts", do give a list of what should not be considered as trace contaminants. These include:

a) If they are present in otherwise acceptable wastes or other materials to which they have been added for the purpose of
being dumped;

b) if they occur in such amounts that the dumping of the wastes or other materials could cause undesirable effects, especially
the possibility of chronic or acute toxic effects on marine organisms or human health whather or not arising from their
bioaccumulation in marine organisms and especially in food species; and

c) if they are present in such amounts that it is practical to reduce their concentration further by technical means."

c. "Significant amounts"
The 8th Consultative Meeting of the London Convention agreed on the following interpretations:

2 Minor alterations to the original document have been made, mainly in terms of grammar and layout.

3 Annex | substances include organchalogen compounds, mercury and mercury compounds, cadmium and cadmium compounds, persistant plastics
and other synthetic materials, crude ail, fuel oil, heavy diese oail, lubricating oils, hydraulic fluids, radioactive wastes or matter, and materials
produced for biological or chemica warfare.

4 Annex 11 substances include arsenic, lead, copperand its compounds, zinc and its compounds, organosilicon compounds, cyanides, fluorides,
pesticides and their by-products, beryllium, chromium, nickel, vanadium, and bulky metallic wastes.

® Criteria to be considered include the characteristics and composition of the matter, the characteristics of the dumping site and method of disposal,
the possibility of effects on other uses of the sea and on marine life, and the practical availability of alternative, land-based methods of treatment or
disposal.
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Pesticides (other than those covered by Annex |) and their by- 0.05% or more by weight in the waste or other matter.
products, and lead and lead compounds.

Arsenic, copper and its compounds, zinc and its compounds, 0.1% or more by weight.
organosilicon compounds, cyanides, and fluorides.

d. "De Minimis" Levels

The concept of "de minimis" levels for radioactive materials was introduced after the Resolution by Contracting Parties at the
Consultative Meeting in November 1993 to permanently phase out the dumping of radioactive waste at sea - except for waste in
which radioactive material was present only at "de minimis" levels. The International Atomic Energy Agency are currently working
on producing recommendations as to what these levels should be.

3. Action levels

The interpretations outlined above do little to provide concrete criteria against which sediments can be assessed for permitting
purposes - at least for Annex | substances - and essentially allow national authorities total discretion over what is acceptable or not.
Their application is also dependent to a large extent on complex assessment procedures involving both chemical analysis and
bioassays. For many contracting parties such testing is simply impracticable, and, especially since the general acceptance of the
Waste Assessment Frameworks, there has been a move to establish "Action Levels" which would streamline assessment
procedures. It is proposed that such "Action Levels" form an integral part of the assessment of dredged spoil in South Africa. Table
1 below therefore reviews "Action Levels" as adopted by other contracting parties, while Table 2 (in section 4) makes proposals for
"Action Levels" for South Africa.

Table 1
ANNEX | SUBSTANCES
I::Jnng% Iceland® Ireland® Germany10 Norway11 Canada™ Quebec Ontario
Heavy metals (ppm dry weight
Cadmium 1.0-1.5 0.5-1.5 4.5 2.5-12.5 1.0-10.0 0.6-3.0 5 0.1
Mercury 0.7-1.0 | 0.25-1.25 1.0 1.0-5.0 0.6-5.0 0.75-1.5 0.3 0.3
Organohalogen compounds
PCB's 0.38 0.05 0.05
Organochlorine 0.05
Hexachlorobenzene 0.05
4% by
Persistent plastics vo!ume,
suitably
comminuted
Any
quantity
that yields
less than or | 1000 ppm
Qils equal to 10 (dry 1500 ppm
ppm of n- weight)
hexane-
soluble
substances.

Persistent plastics: Canada: 4% by volume, suitably comminuted

Qils

Canada: Any quantity that yields less than or equal to 10 ppm of n-hexane-soluble substances.
Quebec: 1000 ppm (dry weight)

Ontario: 1500 ppm

o

The WAF is a practical procedure which has been provisionally adopted by the Contracting Parties to the London Convention for the purposes of

managing wastes in compliance with the terms of the Convention by providing a set of technical protocols for the evaluation of wastes and

associated circumstances.

Sediments containing Annex | substances in quantities higher than the lower level, specia care techniques must be applied. For those containing

levels higher than the upper level, there must be effective isolation from the environment.

Sediments with Annex | substances higher than the levels indicated in the table are prohibited from dumping.

Sediments with Annex | substances higher than the levels indicated are prohibited from dumping.

10 Sediments containing substances higher than the lower level given in the Table require Special Permits, while those with levels above the upper
limit require an Environmental Impact Assessment.

! Sediments with levels of substances above the lower levels shown in the Table require "special care” procedures, while those with levels above the
upper limits are prohibited from dumping.

12 For Schedule | substances under the Ocean Dumping Control Act (1975 source - may be out of date).

~

8
9
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ANNEX Il SUBSTANCES

| Hong Kong | Iceland Ireland | Germany | Norway | Quebec | Ontario
Heavy metals (ppm dry weight)
Arsenic - 2.5-5.0 - 30-150 80-1000 3 8
Chromium 50-80 400-1200 - 150-750 300-5000 70 25
Copper 55-65 500-1000 - 40-200 150-1500 30 25
Lead 65-75 5-50 - 100-500 120-1500 20 50
Nickel 35-40 30-600 - 50-250 130-1500 - 25
Zinc 150-200 250-1000 - 350-1750 650-1000 80 100
Cyanide - - - - - - 0.1

4. Guidelines for the issuing of permits for dumping of dredged spoil in South African waters

Once an application has been received for the dumping of dredged spoil, it needs to be evaluated in terms of our obligations as a
Contracting Party to the London Convention and the various technical criteria which have been established in terms of that
Convention. In order to facilitate this process, these criteria have been built in to the decision-making procedure shown below,
while the various assessment procedures are detailed in Section 5.

Decision-making procedure

1. Isthe dredging operation strictly necessary?

No
Yes

Reject application

2

2. Isthe dredging part of a new development, or is it maintenance dredging?

New

Maintenance

3
4

3. Is the site contaminated or uncontaminated? (See Section 5A for preliminary assessment procedure)

Uncontaminated
Contaminated

5
7

4. s the site contaminated or uncontaminated? (See Section 5B for assessment procedure)

Uncontaminated
Contaminated

5
7

5. Can the sediment be used for an alternative purpose? (See Section 5C)
No permit

Yes
No

6

6. Will dumping at the proposed site lead to interference with other activities? (See Section 5D)
No permit
Issue General Permit

Yes
No

7. What is the level of contamination? (See Section 5E)

"Trace" or "insignificant" contamination 5
Moderately contaminated 8
Highly contaminated 11

8. Can the sediment be used for an alternative purpose? (See Section 5C)
Yes No permit
No 9

9. Is the disposal of the material at the proposed site likely to result in harmful effects to marine organisms or to human health?
(See Section 5F)
Yes 10
No Issue Special Permit

10. Can the material be effectively isolated from the environment using "Special Care" techniques? (See Section 5G)
Yes Issue Special Permit with appropriate conditions”
No 11

* Conditions in these applications must include a committment to investigating and addressing the source of contamination i.e. it
should be made clear that permits for contaminated sediments will not be made on an ongoing basis, and that a programme must
be established to reduce or eliminate the problem at source.
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Special permits - with specific conditions - may be issued for moderately contaminated sediments if:
¢ biological testing indicates that the impacts outside of the disposal site will be minimal
e marine disposal is considered to be the disposal option of least detriment to the environment
e there is a commitment on the part of the applicants to the implementation of a source reduction programme

11. Are land treatment and/ or disposal options likely to be more or less harmful to the environment as a whole? (See Section 5H)
More harmful Issue special permit
Less harmful No permit (recommend land disposal)

5. Assessment Procedures/Management Techniques
A: Preliminary assessment of dredging site for new development
The first step is to evaluate the status of the site to be dredged on the basis of existing information.

*  Are there any technical reports available on the sediments of the area concerned?

i) If so, do they suggest that the area is contaminated or uncontaminated. If contaminated, then a full chemical assessment
must be undertaken.

i) If the reports indicate no contamination, then the question must be asked as to whether the position is likely to have
changed since the publication of the report/s?

*  Has there been any industrial development or establishment of any other potential source of pollutants in the vicinity of the
site since the report? Other potential sources include rivers which may be carrying pollution loads from sources upstream.
If so, then a full chemical assessment must be undertaken. If not, then the site can be assumed to be uncontaminated.

iii) If there are no reports, then information must be obtained as to whether there is any industrial development or other
potential source of pollutants in the vicinity of the site. Other potential sources include rivers which may be carrying
pollution loads from sources upstream. If so, then a full chemical assessment must be undertaken. If not, then the site can
be assumed to be uncontaminated.

B: Assessment of maintenance dredging operation

The first step again should be an evaluation of existing information.

i) If the sediments in the area have been tested and demonstrated to be clean (against the criteria outlined in Section 5E below)
within the last 5 years, and no new potential sources of contaminants have been established, then the sediments can be
considered to be uncontaminated.

ii) On the other hand, if the sediments in the area have either never been tested, or they have previously been shown to be
contaminated, then they must be tested using the procedures outlined in Section 5E.

C: Beneficial Uses
Dredged spoil - particularly if it is uncontaminated - can be used for a variety of purposes, including:
i) Engineering purposes:
¢ Land creation
e Land improvement
e Offshore berms
¢ Capping
¢ Replacement fill
¢ Beach nourishment (currently accounts for some 70% of dredged spoil in South Africa, primarily in Durban and Richards
Bay).

i) Agricultural/ Product uses
e Topsoil
e Aquaculture
e Construction materials

iii) Environmental enhancement
e Wetland creation
¢ Upland habitat
¢ Fisheries improvement

The harbour authorities should actively investigate opportunities to make constructive use of dredged spoil.

D: Dumpsite selection
The number of dumpsites used should be limited as far as possible. In selecting dumpsites, the following issues should be taken into

consideration:
i) Dumping should not lead to interference with other beneficial uses including shipping, fishing, recreation, mariculture etc.
ii) Dumping should not impact on ecologically important sites such as spawning grounds, feeding grounds, or habitats of
vulnerable or endangered species.
iii) Dumping should not take place in areas where the physical characteristics make it vulnerable to the build-up of pollutants
which could lead to eutrophication, oxygen depletion, blanketing of the seafloor etc.
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iv) Where wave and current movement at the dumpsite is limited, there should be a dispersive style of disposal to facilitate
the spread of dumped materials.
v) Sediments in the dredged material and the receiving area should be similar as far as possible.

E: Chemical Characterisation of Sediments

This process should provide a general description of the sediments, as well as an indication of the level of contamination by Annex |
and Annex |l substances. The results can then be compared to the "Action Levels" to categorise the sediments into one of three
groups as follows:

i) Trace or insignificant contamination
ii) Moderately contaminated
iii) Highly contaminated

The steps to be followed are:

a) Sampling

Sampling of sediments from the proposed dredging site should represent the vertical and horizontal distribution and variability of
the material to be dredged. Samples should be spaced so as to identify between non-contaminated and contaminated locations.
For further details of sampling procedures, see Section 6A.

b) General description
¢ total volume to be dredged, as well as a breakdown of estimated volumes from each area of the harbour.
¢ visual determination of sediment characteristics (clay-silt/sand/gravel/boulder) (for contaminated sites a proper grain-size
analysis might be required).
¢ total organic carbon (?).

c) Chemical Analysis: List of contaminants to be measured.

At the time of a first application for dumping from a specific harbour area - or at the time of the first application after the
introduction of these guidelines - the sediments should, as a minimum, be analysed for the following Annex | and Annex I
substances:

Annex | Substances
e organohalogen compounds : PCB's, organochlorine, hexachlorobenzene
e mercury and mercury compounds
e cadmium and cadmium compounds
e persistant plastics
e petroleum hydrocarbons
¢ radioactive materials (?)
e materials produced for biological or chemical warfare (?).

Annex Il Substances
* arsenic
e lead
* copper and its compounds
e zinc and its compounds
e beryllium
e chromium
¢ nickel
e vanadium
e organosilicon compounds
e cyanides
e fluorides
e pesticides and their by-products
¢ bulky metallic wastes (?).

In addition, where there are known sources of particular pollutants not listed here, such pollutants should be included in the
analyses. (Need to be more specific in some cases e.g. for pesticides). Analytical techniques to be utilised are outlined in Section 6B.

Should the initial survey indicate the presence of only a limited number of these contaminants, then the list could be limited
accordingly in discussion with SFRI, and on a case by case basis.

d) Comparison with Action Levels
Sediments will be considered to be uncontaminated (trace or insignificant contamination) if they contain levels of Annex | and
Annex Il substances less than the lower of those levels shown in Table 2 below:
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Table 2

ANNEX | SUBSTANCES
Suggested Action/Prohibition levels (based on values from the international literature as shown in the Tables below):

Range(ppm) Action level Prohibition level
Cadmium 1.5-10.0 >10,0

Mercury 0.5-5.0 >5.0

or for a combined level of these two 1.0-5.0 >5.0
Organohalogens 0.05-0.1 >0.1

QOils 1000-1500 >1500
Persistent plastics: 4% by volume, suitably comminuted

Radioactive materials: to be determined by the IAEA

ANNEX Il SUBSTANCES
Suggested Special care/Prohibition levels

Range(ppm) Special care Prohibition level*
Arsenic 30-150 >150 (1000)
Chromium 50-500 >500
Copper 50-500 >500 (1000)
Lead 100-500 >500 (500)
Nickel 50-500 >500

Zinc 150-750 >750 (1000)
or a combined level of these substances: 50-500 >500 (1000)
Cyanides 0.1 (1000)
Fluorides (1000)
Organosilicon compounds (1000)
Pesticides (500)

* According to the agreement at the 8th Consultative Meeting, significant amounts of these substances were >= 0.1% by weight, or
0.5% by weight for lead and pesticides.

F: Biological testing

While chemical analysis may reveal the presence of various contaminants in sediments, this does not necessarily mean that the
sediments will result in biological harm. The contaminants may, for example, be present in a form in which they are not "available"
to organisms i.e. they are biochemically inert. The next step for moderately contaminated sediments, therefore, would be to test
for such bioavailability. Such tests should measure for acute and chronic toxicity to selected marine organisms, as well as the
potential for bioaccumulation. Details of testing procedures to be used are outlined in Section 6C.

G: "Special Care" Technigues
Some of the "special care" techniques reportedly used by other countries include:
*  careful selection of dump sites, especially for highly polluted sediments
* silt screens to avoid the spread of fine particulate matter for moderately polluted sediments
*  effective isolation from the environment for highly polluted sediments by dumping into specialised marine disposal pits and
capping with clean sediment.

H: Comparative assessment of land-based alternatives

6. Sampling Procedures and Analytical Techniques

General: Laboratories that perform the analyses should be "accredited". The accreditation procedure would take the form of an
intercalibration exercise to be set up by the Pollution Division of Sea Fisheries Research Institute, with SFRI supplying a set of
reference sediments. This would be repeated every 3 years.

A: Sediment sampling

Sampling of sediments from the proposed dredging site should represent the vertical and horizontal distribution and variability of
the material to be dredged. Samples should be spaced so as to identify between non-contaminated and contaminated locations.
Sampling should be undertaken using a barrel core as described in Loring and Rantala (1992). (see attached).

B: Analytical techniques (chemical)
Heavy metals
Sample preparation: Teflon bomb acid digestion as described in Loring and Rantala (1992) Analysis:
¢ Mercury: Cold vapour atomic absorption (Loring and Rantala, 1992).
e Cadmium, Lead, Copper, Zinc, Beryllium, Chromium, Nickel, Vanadium: Flame and graphite furnace Atomic Absorption.
¢ (Loring and Rantala, 1992).
e Arsenic: Hydride generation Atomic Absorption
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Hydrocarbons
Two tests should be conducted: one for total hydrocarbons, and one for polycyclic aromatics (PAHs).
¢ Extraction: One phase CHCL3-MeOH Bligh and Dyer method (White et al, 1979).
e Separation: Aliphatic hydrocarbons and PAH by silicic acid column chromatography (Leeming and Nichols, 1988).
e Total hydrocarbons: IR ?
¢ Gas chromatography (Nichols et al, 1988).
¢ PAH analysis: Gas chromatography - Mass Spectrometry using 2,3 benzfluorine as an internal standard(Nichols et al, 1988).

Organohalogens
Plastics

C: Biological testing procedures
i) Acute toxicity
ii) Chronic toxicity
iii) Bioaccumulation
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Appendix 4

Modified National Action List for South Africa (the original National Action list is presented in Appendix 3)

Range(ppm) Action level Prohibition level
Cadmium 1.5-10.0 >10.0
Mercury 0.5-5.0 >5.0
or for a combined level of these two 1.0-5.0 >5.0
Arsenic 30-150 >150 (1000)
Chromium 50-500 >500
Copper 50-500 >500 (1000)
Lead 100-500 >500 (500)
Nickel 50-500 >500
Zinc 150-750 >750 (1000)
or a combined level of these substances: 50-500 >500 (1000)
Explanatory notes on application:
1. Once the levels of contamination in the sediments have been determined through chemical analysis, these are compared with
the Action Levels contained in the above List (presented as },tg.g’1 dry weight sediment).
2. A decision on whether or not to require biological testing, or to prohibit disposal of the sediment at sea, is determined as
follows:
a) If none of the metals measured exceed the Action Levels, then no biological testing is required, and the material can be
dumped.
b) If the Action Levels for both Annex | metals (Cd and Hg) are exceeded, or the combined level of Cd and Hg is >5 ug.g_l, then
biological testing is required.
c) If the Action Level for either of the Annex | metals, and two or more of the Annex |l metals are exceeded, then biological testing
is required.
d) If the Action Levels of three or more Annex Il metals are exceeded, and the total of Annex Il metals is >500 ug.g_l, then
biological testing is required.
e) If the combined level of Annex Il metals is >1 000 ug.g'l, then biological testing is required.
f) If either of the Prohibition Levels for the Annex | metals is exceeded, or if the Prohibition Level of two or more of the Annex Il

metals is exceeded, dumping will not be allowed.
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