Science-Based Solutions
Solutions fondées sur la science

Development of this series of factsheets was coordinated by the National Guidelines
and Standards Office of Environment Canada to consolidate information on the variety
of existing approaches to the assessment of sediment quality in Canada and to
highlight sediment assessment programs developed by Environment Canada.
Additional factsheets will be added to the series as new sediment assessment tools or
programs are developed to highlight significant work across the Federal government.
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Sediments: Sink and Source — Putting the Problem in Perspective

An increasing amount of chemicals or substances are being released into the environment, and
sites contaminated with nutrients, metals, organics and oxygen-demanding substances are widely
reported from freshwater and marine ecosystems. Although some of these contaminants may
occur in elevated concentrations due to natural processes, most increases are directly related to
anthropogenic activities. In aquatic environments, contaminants not only cause ecological
impairment, but they also have the potential to cause severe economic damage. Monitoring and
assessment of sediment contamination is both complex and potentially expensive, and remains

one of the greatest challenges in environmental management today.

spend a large portion of their life cycle in or on sediments, they
can also indirectly affect other life forms that feed on benthic
organisms.

There is little question as to the significance of sediment quality in
maintaining the overall health of the aquatic ecosystem. However,
remediating and managing contaminated sediments is both
economically and technologically demanding. Because of this, the
scientific community has been developing science-based tools to
identify sediments that are impaired and, ultimately, to support
effective management decisions and priorities for dealing with
contaminated sediments. These tools vary, but have a common
objective of assessing sediment quality based on its ability to
support and sustain a healthy aquatic community. In Canada,
assessment of sediment quality is needed to support a broad range
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Sediments act as a sink for some
contaminants entering aquatic
ecosystems, where they can
accumulate over long periods of time.
Importantly, contaminated sediments
may also serve as a continued source
of contamination to other components
of the environment and as a route of
entry of contaminants into the food
web. Not only do contaminated
sediments directly affect benthic
organisms, such as insects, wormes,
molluscs and bottom-dwelling fish that
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of programs ranging from the determination of the effectiveness of regulations in protecting the
environment, the mapping of the extent of historic contamination, the remediation of contaminated sites,
to the control of ocean disposal of dredged material.

Over the past decade, a powerful suite of science-based sediment quality assessment approaches has been
developed. There is no single “best” approach to assessing sediment quality, and the most appropriate
method or combination of methods will be dictated not only by science, but by time constraints, costs,
program needs and the type of management decision needed.

A distinction should be made between sediment assessment and sediment management. A sediment
assessment is conducted to determine the extent or severity of contamination at a site and its potential for
causing adverse effects. The choice of which assessment tools to use should be guided by considerations
of time and cost concerns, suitability and accuracy of the various assessment tools, and potential risks
associated with assessment errors. Sediment management involves making decisions that are based on the
sediment assessment results, but take into consideration political and socioeconomic factors. Sediment
management also includes the development and evaluation of risk reduction measures (e.g., remediation),
planning and maintenance of "ongoing" control measures, monitoring and communication to stakeholders
of the risks associated with particular sediments.

This factsheet consolidates information on the major sediment assessment approaches, provides a
conceptual approach and advice for the application of major methods (emphasizing their complementary
nature), and highlights research and development in sediment assessment programs under way at
Environment Canada. Issues pertaining to sediment management are not the focus of this document.

The Pillars of Sediment Assessment

Even within a single site, sediments can vary in structure, composition and biological diversity. The
physicochemical differences in sediment characteristics such as particle size and shape, or organic content
can profoundly influence the bioavailability and degree of toxicity of sediment-associated contaminants.
In addition, the ecology of benthic organisms varies greatly such that feeding habits, habitat requirements
and physiology all influence contaminant exposure and uptake among benthos. Consequently, there is a
need for a variety of sediment assessment tools that can adequately address the dynamic physical,
chemical and biological characteristics of contaminated sediment and their influence on the resident biota.

There are three main approaches (i.e., lines of evidence) for assessing sediment quality:
» chemical-specific sediment quality guidelines (CCME 1999)

» biological guidelines or community assessments (Reynoldson and Day 1998)

» toxicity tests (Environment Canada 1999; Bombardier and Blaise 2000)

Each of these approaches has inherent strengths and limitations (Table 1), and a comprehensive sediment
assessment approach will integrate evidence from each of these approaches to support scientifically-sound
management decisions and action (Chapman et al. 1992; Ingersoll et al. 1997). In addition to these
approaches, the potential to bioaccumulate is a key component of sediment assessment. An examination
of bioaccumulation may identify potential adverse impacts on higher trophic levels due to
biomagnification, even if effects are not detected by the other approaches (Chapman et al. 1997).
Although not discussed separately, physical assessment of sediment (e.g., grain size, redox potential and
transport of sediment) is routinely considered in chemical, biological and toxicological sediment
assessment approaches.
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“Toxicity testing cannot substitute for chemical
measurements, or for surveys of communities of organisms.
On the contrary, the strengths of toxicity testing are best
realized in conjunction with chemical and biological field
measurements.” (Environment Canada 1999)

“The best approach to the assessment of sediment quality is still an integrative approach wherein more
than one generic tool, such as a battery of toxicity tests, is combined with chemical analyses and an
evaluation of the structure of the benthic communities.” (Bombardier and Blaise 2000)

Table 1: Summary of the Approaches, Outcomes, Strengths, Limitations and General Use
of the Sediment Assessment Methods

Approach | Description Outcome Strengths Limitations General Use
Chemical- «Compare «Classify «-Simple, consistent Information limited to | «Screening
specific sediment sediments in method for evaluating chemical stressors levels,
guidelines chemistry with | terms of whether | chemical benchmarks to
(e.g., chemical- they are expected | contamination «Guidelines for many aid in
Canadian specific to be: not chemicals have not management of
Sediment guidelines associated with -Linked directly to been developed contaminated
Quality biological stressors of concern or sediments
Guidelines) | «Could also effects; can be combined into «Guidelines are set to

involve occasionally an index of general protect sensitive uses,

comparing associated with sediment quality and exceeding a

tissue adverse effects; guideline does not

chemistry of or frequently «Use can result in both automatically indicate

sediment- associated with preventative and a detrimental effect

dwelling biota biological effects | restorative action (e.g., sites where

with body contaminants are not

burden «Status and trend results | bioavailable or

guidelines are easily sensitive species are

communicated not present)

«Although most existing
guidelines are based on
a co-occurrence
approach, other
approaches may also
be used (e.g., spiked-
sediment toxicity,
equilibrium
partitioning)

-Option to generate
site-specific guidelines

«Unknown or
unmeasured
contaminants may be
present

«Direct cause-and-effect
relationships generally
cannot be inferred
from the co-occurrence
data used to develop
the guidelines; co-
occurrence data can
only establish
associations between
chemical concentra-
tions in sediments and
adverse biological
effects
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Table 1. Continued

Approach Description Outcome Strengths Limitations General Use
Biological «Compare «Characterize «Direct measure of the | «Difficult to detect -Used to assess
assessments differences benthic health of benthic changes related to the integrated
(benthic between community communities contaminants as response to
community) predicted structure as compared to other stressors at the

community unstressed, <Ecologically relevant environmental community level

assemblages potentially stressors, like physical

(based on a stressed, «Assess the effects of characteristics

reference stressed or non-chemical impacts

condition) severely (e.g., habitat «Difficult to identify the

and stressed, degradation) impact of specific

functional relative to the chemicals

responses reference «Measure status and

with site- condition trends over time -Time and resources

specific required to generate

benthic status and trend data

communities are high

and responses

«Cannot predict the
likelihood of adverse
effects, can only
identify where adverse
effects have already
occurred

«Bioaccumulation, or
the potential for
biomagnification, is
not addressed
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Table 1. Continued

Approach Description QOutcome Strengths Limitations General Use

Toxicity testing «Compares the | «Results indicate «Assesses toxicity | «Could be difficult «Indicates
response of the degree of of mixtures of to detect toxicity likelihood of a
benthic toxicity of a contaminants related to a specific | given sediment
organisms sediment sample (assuming well contaminant in a producing
exposed to or sub-fraction to matched control mixture measurable
field-collected test organisms or samples) effects
sediments indigenous «Limited to
(e.g., bulk organisms «Assesses toxicity organisms and test
sediment, sub- collected from the of chemicals for conditions for
fractions, pore field which no which standard
water, elutriate, guidelines exist protocols have
etc.) to been developed
responses in «Good predictor of
control or impacts on benthic | «Predictions from
reference communities toxicity tests are
samples; tests limited when test
are generally and field
conducted in conditions are not
the laboratory similar
according to
defined test «Manipulation of
methodologies sediment may

cause toxicity in
the lab (artifact)

Bioaccumulation | .Biological <Biota-sediment «Can indicate valid | .Accumulation «Assists in
uptake of a accumulation cause for concern factors assume a establishing
chemical from factors (BSAFs) to higher trophic steady-state benchmarks or
food and the describe the levels when other condition reference points
surrounding accumulation of methods show to help interpret

media (water
and sediment)

contaminants in
biota to assist in
determining the
potential for
biomagnification

negative results

«Can identify the
cause of toxicity
when compared to
critical body
burdens
previously shown
to be toxic

«Significance of
bioaccumulation
can be difficult to
interpret if
information on
critical body
burdens does not
exist

biological
monitoring data

Adapted from: Chapman et al. 1997; Federal Register 1998; and Borgmann et al. 2001.
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Conceptual Approach to the Assessment of Sediment Quality*

Identify goals for the site assessmen
(e.g., site remediation, status and trends
monitoring, compliance monitoring

v

Assemble assessment tools that
are consistent with the goals
Toxicity
tests

v

Weight-of-evidence
Integrate and interpret results

* The assessment approaches are presented with equal importance. All approaches might not necessarily be used in
every situation; for example, certain assessments might only require the use of chemical-specific guidelines (e.g.,
Canadian Sediment Quality Guidelines) and the evaluation of the potential to bioaccumulate. Factors such as time
constraints, costs, program needs and management goals will dictate the best weight-of-evidence approach.
Sediment management programs usually benefit from a tiered approach that makes the most efficient use of
available tools.

Biological
assessments

Chemical-specific Bioaccumulation

guidelines

Monitoring to

determine if
oals are being met

Chemical-specific guidelines are currently used across Canada to evaluate sediment quality, alone or in
combination with other assessment tools. These guidelines recommend limits for individual contaminants
of concern based on the effects of these substances on sediment-associated biota in the field. They are
predictive in nature and provide rapid screening tools to identify areas of potential concern where
chemical characterization of a site has been conducted. Use of sediment quality guidelines is more
diagnostic than chemical characterization alone, which indicates only what contaminants are present.
Screening chemical concentrations against recommended guideline concentrations adds additional
information on the potential risk posed by the measured levels of contaminants.

National Guidelines and Standards Office -6-



Biological assessments of benthic communities focus on the cumulative
effects of multiple stressors, and establish normal or acceptable
conditions or characteristics for sediment biota — from the individual to
the community level. When the conditions or characteristics of an in situ
community vary significantly from the reference conditions or
characteristics, it is considered to be impaired. Establishing the reference
condition for a site is key to the application of this approach. Though
highly diagnostic in identifying actual rather than predicted impairment
of a site, the causes of the impairment may not be clear.

Toxicity tests focus on responses of individual organisms exposed to
field-collected sediments, usually under standardized conditions, and are
used to help establish a relationship between contamination at a site and
biological effects. Organisms and endpoints that are known to be
sensitive or ecologically relevant indicators are usually chosen, and a
suite or battery of tests may be used to provide evidence of toxicity.
Toxicity indices may also be used to express the results from several
different toxicity tests as a single number that rates the toxicity of the
sample (Environment Canada 1999).

In combination, these three approaches provide complementary evidence for sediment quality impairment
that can focus the need for further action. Where all lines of evidence point to a biological effect, there is
strong evidence for impairment caused by known contaminants. Where only one or two lines of evidence
support a decision of impairment, interpretation becomes difficult. The Sediment Quality Triad of
Chapman et al. (1992) provides eight scenarios indicating the possible conclusions when the three lines of
evidence (sediment quality guidelines, biological assessments and toxicity tests) appear contradictory. It is
important to note that combining the evidence of the three approaches does not identify which chemicals
bioaccumulate. Even though results from these three lines of evidence may indicate no degradation or
toxicity of the sediments, if significant bioaccumulation occurs then there is also the potential for
biomagnification. Therefore, in addition to the three key approaches to sediment assessment, the
incorporation of the potential for chemicals to bioaccumulate in the conceptual approach to sediment
assessment is essential. Table 2 (adapted from Grapentine et al. (2002)) also considers biomagnification,
and includes 16 possible scenarios.

For substances that are known to bioaccumulate and biomagnify, such as PCBs and toxaphene, and for
which aquatic food sources are the main route of exposure for wildlife, additional tools are available to
assess the presence of these substances in sediments and their effect on ecosystem health. These include
biota-sediment accumulation factors (BSAFs) and national tissue residue guidelines (TRGs) for the
protection of wildlife consumers of aquatic biota. TRGs refer to the maximum concentration of a
chemical substance in the tissue of aquatic biota that is not expected to result in adverse effects in wildlife
(CCME 1999). TRGs have been developed for DDT, PCBs, toxaphene, PCDD/Fs and mercury, and
together with other environmental quality guidelines, provide benchmarks or reference points to help
interpret biological monitoring data.

Together with data from sediment chemistry, biological assessments and toxicity tests, bioaccumulation
data can also assist in determining the cause of sediment toxicity. By comparing measurements of
bioaccumulation with critical body burdens that have been shown to cause toxicity, it is possible to
quantify the bioavailability of contaminants and identify those which are most likely the cause of the
sediment toxicity (Chapman 1997; Borgmann et al. 2001). Further refinement is possible when this
approach is supplemented with measurements of contaminant levels in overlying water during toxicity
tests (Borgmann et al. 2001).
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Table 2: Interpretation of Effects When Three Approaches of Sediment Assessment and

Biomagnification are Combined*

Sediment
quality
_guidelines

Biological
assessments

Toxicity
tests

Biomagnification

Possible Conclusions

Sediments do not present a risk.

Contaminants do not present a risk.

Potential for adverse effects. Consider comprehensive
analyses of contaminants in lab and field biota for
evidence of contaminant exposure and uptake.
Sediments currently do not present a risk. Identify
cause of impairment in invertebrate community.
Consider unmeasured contaminants.
Biomagnification risk. Conduct an assessment to
verify lack of contaminant availability from the
sediment, and identify source and implications.
Investigate potential shift in food web dynamics (e.g.,
due to Dreissena invasion).

Potential for adverse effects. Consider potential
effects to unadapted communities in far field based
on severity of the toxicity and assessment of site
stability.

Adverse biological effects occurring.

Sediments currently may not pose a risk, but
biomagnification is occurring. Examine sources and
pathways of contaminant of concern. Investigate
potential shift in food web dynamics (e.g., due to
Dreissena invasion). Must confirm that sediment is
not the source of contamination.

Adverse effects occurring but cause(s) unknown.
Unacceptable risk of biomagnification. Conduct an
assessment. Verify biomagnification from the
sediment, and potential effects to receptor species in
the upper food chain.

Potential for adverse effects to benthos; unacceptable
risk of biomagnification.

Sufficient evidence for unacceptable risk from
sediment contamination.

Potential for adverse effects to benthos; unacceptable
risk of biomagnification. Results indicate that
contaminants are bioavailable but mechanism may be
long term, or uptake from sediment is indirect.
Adverse effects to benthos; unacceptable risk of
biomagnification.

Adverse effects to benthos; unacceptable risk of
biomagnification. Investigate potential shift in food
web dynamics (e.g., due to Dreissena invasion).
Sufficient evidence for unacceptable risk from
sediment contamination.

*An effect significantly different from the condition at the reference site is shown as positive while a negative
indicates no difference. Biomagnification is recognized as the result of the process of bioaccumulation where the
concentration of the contaminant increases as it is transferred through two or more trophic levels.

Adapted from: Grapentine et al. 2002.
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Additional Information

In addition to the sediment assessment approaches described above, additional information on sediment
quality may be available for use in a weight-of-evidence approach for sediment assessment.

Sediment toxicity identification evaluation (TIE) is a method that can relate the toxicity of effluent,
water or sediment samples containing complex mixtures of chemicals to single compounds or classes of
contaminants. As toxicity tests of contaminated sediments by themselves cannot identify the chemicals
causing the observed toxicity, TIE uses toxicity-based procedures to characterize, identify and confirm the
identity of compounds responsible for the toxic effects. TIE methods are currently based on pore water,
but the application of these methods to whole sediments is an area of research (Swartz and Di Toro 1997).

Physical/chemical characteristics of sediments include physical
descriptors of sediment type (e.g., grain size), sediment transport,
overlying water chemistry, and pore-water chemistry. These types of data
can be used to clarify, for example, background levels of contamination,
expected bioavailability and mobility of contaminants.

An Overview of Environment Canada Tools and Programs

Environment Canada has played an important scientific role in the development of sediment quality
assessment tools and approaches that encompass the “pillars” of sediment assessment (chemical-specific
guidelines, biological assessments and toxicity tests). Some of the major tools include:

» Canadian Sediment Quality Guidelines (CSQGs)
» BEnthic Assessment of SedimenT (BEAST)
» Sediment-Toxicity (SED-TOX) Index

» Environment Canada's Biological Test Methods

Chemical-Specific Sediment Quality Guidelines

Canadian Sediment Quality Guidelines (CSQGs) are nationally endorsed, science-based goals for the
quality of aquatic systems. They are developed under the auspices of the Water Quality Task Group of the
Canadian Council of Ministers of the Environment (CCME), for which the National Guidelines and
Standards Office of Environment Canada is the technical secretariat. CSQGs represent concentrations of
individual chemicals below which adverse biological effects are not expected (CCME 1999), and are
derived from the available toxicological information according to the procedures published by the CCME
(1995). When data permits, two assessment values are generated: the Threshold Effect Level (TEL) which
represents the concentration below which adverse biological effects are expected to occur rarely; and the
Probable Effect Level (PEL) which defines the level above which adverse effects are expected to occur
frequently. To date, over 60 freshwater and marine CSQGs have been developed for a number of
substances including metals, organic pesticides, PCDD/Fs, PAHs, and PCBs. All of the CSQGs developed
to date have an interim status.
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Despite a variety of potential uses (e.g., to evaluate
potential impacts of developmental activities),
sediment quality guidelines are most likely to be
routinely applied as screening tools in the site-specific
assessment of the potential risk of exposure to
chemicals in sediment and in formulating initial
management decisions, such as acceptability for open-
water disposal, determining whether remediation is
required, further site investigation and prioritization of
sites. Further descriptions of chemical-specific
sediment quality guidelines are discussed in Science-
Based Solutions Sediment Assessment Series Factsheet
#2, “Chemical-Specific Sediment Quality Guidelines.”

Biological Guidelines for the Assessment of Sediment Quality in the Laurentian Great
Lakes

Environment Canada (National Water Research Institute and Ontario Region) has developed an approach
to assess freshwater sediments in the near-shore areas of the Great Lakes. Akey element of this approach
is the BEnthic Assessment of SedimenT (BEAST) (Reynoldson et al. 1995), which is a tool for evaluating
the health of benthic invertebrate communities by using predictive models that relate site habitat attributes
to an expected community, commonly referred to as a reference condition. The approach also involves
sediment toxicity tests, and has been used to assess community structure and sediment contamination at
various Areas of Concern in the Great Lakes (Reynoldson and Day 1998; 1JC 1999) and other freshwater
systems in Canada, such as the Fraser River (Reynoldson and Rosenberg 1999).

As an assessment tool, the community-based biological approach uses ecological information that links
habitat quality to the expected community structure. The approach is highly diagnostic in confirming that
sediment-associated biota are being affected by conditions at that site. However, as the invertebrate
community integrates effects from many sources, the cause of the impairment may not be clear; therefore,
toxicity tests are incorporated in the BEAST approach to provide confirmation of the relationship between
contamination at a site and its effects. Details of these guidelines are discussed in Science-Based Solutions
Sediment Assessment Series Factsheet #3, “Biological Guidelines for the Assessment of Sediment Quality
in the Laurentian Great Lakes.”

Toxicity Tests and Indices
Standardized Biological Test Methods

The existing test methods for single species in sediments are cost-effective tools for determining whether
contaminants in sediment are harmful to benthic or epibenthic organisms, as well as those frequenting the
overlying water column. The procedures described here have been developed to balance scientific,
practical and cost considerations, and to ensure that the results will be sufficiently precise for the majority
of situations in which they will be applied.
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Environment Canada's Environmental Technology Centre has developed biological test methods in
sediments for freshwater and marine/estuarine sediment-dwelling organisms (Environment Canada
1992a; 1997a; 1997b; 2001). For marine and estuarine habitats, a 10-d test measures the mortality of
amphipods (Environment Canada 1992a), and a 14-d test evaluates the survival and growth of polychaete
worms (Environment Canada 2001). Using sediment pore water, Environment Canada has developed a
test method for examining fertilization success of two echinoids, sea urchins and sand dollars
(Environment Canada 1992b). In freshwater, a 14-d exposure is used to evaluate mortality and growth of
the freshwater amphipod Hyalella azteca (Environment Canada 1997a); while a 10-d test is used to
evaluate mortality and growth of the midge larvae (Environment Canada 1997b). In addition, a new type
of sediment toxicity testing developed by Environment Canada's National Water Research Institute
involves using large water-sediment ratios to circumvent the problem of deteriorating overlying water
quality during sediment toxicity tests with benthic invertebrates (Borgmann and Norwood 1999). Chronic
sediment toxicity tests of 10-d to 28-d have been successfully conducted with a variety of benthic
invertebrates (Borgmann and Norwood 1999). Other test methods that are used by Environment Canada
in both regulatory and monitoring programs include the microtox solid phase test with the luminescent
bacteria Photobacterium phosphoreum (Environment Canada 1992c¢) and a 28-day bioaccumulation test
using the bivalve Macoma sp. (USEPA 1993).

The biological test methods for sediment can be used
for various purposes; in fact they have been applied in
the data generation stages of both the numerical and
biological guidelines, as described above
(Environment Canada 1999). In general, whole
sediment toxicity tests are commonly used for
assessing the quality of field-collected sediment.
Sediment toxicity testing methods have been applied in
a regulatory context according to the Disposal at Sea
Regulations under Part 7 of the Canadian
Environmental Protection Act (CEPA). The regulations
explain the use of toxicity tests for the assessment of
sediments for disposal at sea (Environment Canada
1995).

Sediment-Toxicity (SED-TOX) Index

The St. Lawrence Centre of Environment Canada has a developed a tool, the Sediment-Toxicity (SED-
TOX) Index, for the assessment of sediment quality that: 1) integrates the various parameters of effects on
an assortment of aquatic species of several trophic positions; and 2) distinguishes between degraded and
non-degraded areas (Bombardier and Bermingham 1999; Bombardier and Blaise 2000). The SED-TOX
Index generates a single value (SED-TOX score) that represents all the results of the different sediment
toxicity tests on a common, easily interpreted scale. This score can be used to rank a wide range of sites
based on their potential toxicity to various test species and to make comparisons between present and
future conditions in a given area (Bombardier and Blaise 2000). A summary of the approach of the SED-
TOX Index model and its application are discussed in the Science-Based Solutions Sediment Assessment
Series Factsheet #4, “The Sediment-Toxicity (SED-TOX) Index.”
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National Environmental Effects Monitoring Program

Environment Canada's National Environmental Effects
Monitoring (EEM) Office manages and coordinates the EEM
Program, which is used to determine if pulp and paper mill
and metal mining effluents adversely affect fish health, fish
habitat and the human use of fisheries resources. The
National EEM Program for pulp and paper mill and metal
mining effluents are regulated under the Pulp and Paper
Effluent Regulations (PPER) and the Metal Mining Effluent
Regulations (MMER), respectively — both under the
Fisheries Act. The PPER require that all pulp and paper mills
in Canada conduct EEM; while the MMER require that all
metal mines in Canada conduct EEM.

In addition to environmental effects monitoring being conducted nationally as required by Fisheries Act
regulations, other sectors such as oil and gas are also conducting environmental effects monitoring
programs to assess the effects of their activities.

A variety of sediment assessment tools, including benthic community surveys (biological assessments),
whole sediment chemistry (compared to sediment quality guidelines) and whole sediment toxicity tests,
are recommended for the monitoring of environmental effects of metal mining and pulp and paper mill
effluents. At the end of each EEM cycle, individual mines and mills are required to submit an
“interpretive report” summarizing the monitoring results to Environment Canada. Examples of EEM in
metal mining and pulp and paper mill regulations are given in the Science-Based Solutions Sediment
Assessment Series Factsheet #5, “Environmental Effects Monitoring (EEM): Metal Mining and Pulp and
Paper Mill Effluent Regulations.”

Disposal at Sea Program

Since 1976, Environment Canada has been assessing sediments in a regulatory context under a national
permitting system that controls disposal of wastes at sea. A formal sediment assessment framework
appears in the Canadian Environmental Protection Act (CEPA) and in the international 1996 Protocol to
the London Convention on Disposal of Wastes at Sea. The framework requires Environment Canada to
assess the physical, chemical and biological properties of the sediment and to set limits above which
disposal at sea will not be allowed without the use of management techniques or processes. To that end,
the framework has established a tiered testing regime with lower, middle and upper levels. Canada has
defined how it will apply these levels in the Disposal at Sea Regulations, with chemical guidelines used at
the lower level and a battery of toxicity and bioaccumulation testing used to determine the middle and
upper levels. The framework also requires the selection of a suitable disposal site, the construction of
formal impact hypotheses and follow-up monitoring to ensure that decisions were correct and adequate to
protect the marine environment. To monitor the disposal sites, Environment Canada has developed a set of
National Monitoring Guidelines which also use both chemical and biological tools in a tiered fashion to
help with cumulative assessment and site management. Reports are published annually.
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Future Directions

There are currently a number of initiatives under way in Canada and in other countries around the world
by research scientists, government and industry to further advance the current understanding of existing
tools for the assessment of contaminated sediment. Some areas for future development include evaluation
and improvement of the existing tools. One novel idea being explored is the development of a sediment
quality index based on chemical-specific guidelines. There have been some pilot efforts in the Ontario
Region of Environment Canada based on a CCME Water Quality Index model that integrates chemical
data into a sediment quality index — potentially the subject of an upcoming factsheet. A variation on this
approach, also currently being developed, is called “consensus-based sediment quality guidelines.” The
strength of these types of indices is that they increase the predictive ability of numerical guidelines by
applying them collectively (for more information, see Long et al. 1998; Ingersoll et al. 2000; MacDonald
et al. 2000).

Approaches such as Environment Canada's BEAST are being applied to regions outside the Great Lakes,
although expansion is limited to some extent by data requirements to establish reference conditions for a
site or region. Notwithstanding, this is a powerful tool in a sediment assessment framework that could
have application across Canada, including the marine environment.

Acknowledgments

We would like to thank the following for their assistance in developing the Science-Based Solutions
Sediment Assessment Series: Kathie Adare, Uwe Borgmann, Sushil Dixit, Ken Doe, Susan Drover,
Charles Dumaresq, Connie Gaudet, Kathleen Hedley, Emilie Lariviére, John Lawrence, Linda Porebski,
Kelly Potter, Trefor Reynoldson, Sandra Ribey, Elizabeth Roberts, Doug Spry, Paul Topping and Cecilia
Wong.

National Guidelines and Standards Office -13-



References

Bombardier, M., and N. Bermingham. 1999. The SED-TOX Index: toxicity-directed management tool to
assess and rank sediments based on their hazard — Concept and application. Environ. Toxicol.
Chem. 18: 685-8.

Bombardier, M., and C. Blaise. 2000. Comparative study of the Sediment-Toxicity Index, benthic
community metrics and contaminant concentrations. Water Qual. Res. J. Can. 35: 753-80.

Borgmann, U., and W.P. Norwood. 1999. Sediment toxicity testing using large water-sediment ratios: an
alternative to water renewal. Environ. Pollut.106: 333-9.

Borgmann, U., W.P. Norwood, T.B. Reynoldson, and E Rosa. 2001. Identifying cause in sediment
assessments: bioavailability and the Sediment Quality Triad. Can. J. Fish. Aquat. Sci. 58: 950-60.

Canadian Council of Ministers of the Environment (CCME). 1995. Protocol for the derivation of
Canadian sediment quality guidelines for the protection of aquatic life. CCME EPC-98E.
Prepared by Environment Canada, Guidelines Division, Technical Secretariat of the CCME Task
Group on Water Quality Guidelines, Ottawa. [Reprinted in Canadian Environmental Quality
Guidelines, Winnipeg, MB: CCME, 1999, chapter 6.]

Canadian Council of Ministers of the Environment (CCME). 1999. Canadian Environmental Quality
Guidelines. Winnipeg, MB: CCME.

Chapman, P.M. 1997. Is bioaccumulation useful for predicting impacts. Mar. Pollut. Bull. 34: 282-3.

Chapman, P.M., E.A. Power and G.A. Burton Jr. 1992. Integrative assessments in aquatic ecosystems. In:
G.A. Burton Jr. (Ed.), Sediment toxicity assessment. Boca Raton, FL: Lewis Publishers, p. 313-40.

Chapman, P.M., B. Anderson, S. Carr, V. Engles, R. Green, J. Hameedi, M. Harmon, P. Haverland, J.
Hyland, C. Ingersoll, E. Long, J. Rodgers Jr., M. Salazar, P.K. Sibley, PJ. Smith, R.C. Swartz, B.
Thompson, and H. Windom. 1997. General guidelines for using the Sediment Quality Triad. Mar.
Pollut. Bull. 34: 368-72.

Environment Canada. 1992a. Biological Test Method: Acute Test for Sediment Toxicity Using Marine or
Estuarine Amphipods. Report EPS 1/RM/26. Ottawa, ON: Environmental Protection Publications.

Environment Canada. 1992b. Biological Test Method: Fertilization Assay Using Echinoids (Sea Urchins
and Sand Dollars). EPS I/RM/27. Ottawa, ON: Environmental Protection Publications.

Environment Canada. 1992c¢. Biological Test Method: Toxicity Test Using Luminescent Bacteria
(Photobacterium phosphoreum). EPS 1/RM/24. Ottawa, ON: Environmental Protection
Publications.

Environment Canada. 1995. Users guide to the application form for ocean disposal. Report EPS 1/MA/I.
Ottawa, ON: Marine Environment Division, Environmental Protection Service.

Environment Canada. 1997a. Biological Test Method: Test for survival and growth in sediment using the
freshwater amphipod Hyalella azteca. Report EPS 1/RM/33. Ottawa, ON: Environmental
Protection Publications.

Environment Canada. 1997b. Biological Test Method: Test for survival and growth in sediment using the

larvae of freshwater midges (Chironomus tentans or Chironomus riparius). EPS 1/RM/32.
Ottawa, ON: Environmental Protection Publications.

National Guidelines and Standards Office -14-



Environment Canada. 1999. Guidance document on application and interpretation of single-species tests
in environmental toxicology. EPS I/RM/34. Ottawa, ON: Environmental Protection Publications.

Environment Canada. 2001. Biological Test Method: Test for survival and growth in sediment using
spionid polychaete worms (Polydora cornuta). EPS 1/RM/41. Ottawa, ON: Environmental
Protection Publications.

Federal Register. 1998. US EPA Water Pollution Control: Water quality standards. Proposed Rules Vol.
63, No. 129.

Grapentine, L., J. Anderson, D. Boyd, GA. Burton, C. Debarros, G. Johnson, C. Marvin, D. Milani, S.
Painter, T. Pascoe, T. Reynoldson, L. Richman, K. Solomon and P.M. Chapman. 2002. A decision
making framework for sediment assessment developed for the Great Lakes. Human Ecol. Risk
Assess. (in press).

Ingersoll, C.G., T. Dillon and G.R. Biddinger (Eds.). 1997. Ecological risk assessment of contaminated
sediments. SETAC Pellston Workshop on Sediment Ecological Risk Assessment, April 23-28,
1995, Pacific Grove, CA. Pensacola, FL: SETAC Proceedings, 390 p.

Ingersoll, C.G., D.D. MacDonald, N. Wang, J.L. Crane, L.J. Field, P.S. Haverland, N.E. Kemble, R.A.
Lindskoog, C. Severn and D.E. Smorong. 2000. Prediction of sediment toxicity using consensus-
based freshwater sediment quality guidelines. United States Geological Survey final report for the
US EPA. Great Lakes National Program Office. EPA 905/R-00/007.

International Joint Commission (IJC). 1999. Deciding when to intervene. Data interpretation tools for
making sediment management decisions beyond source control. Prepared by: G. Krantzberg, J.
Hartig, L. Maynard, K. Burch and C. Ancheta. Sediment Priority Action Committee, Great Lakes
Water Quality Board.

Long, E.R., L.J. Field and D.D. MacDonald. 1998. Predicting toxicity in marine sediments with
numerical sediment quality guidelines. Environ. Toxicol. Chem. 17: 714-27.

MacDonald, D.D., C.G. Ingersoll and T.A. Berger. 2000. Development and evaluation of consensus-based
sediment quality guidelines for freshwater ecosystems. Arch. Environ. Contam. Toxicol. 39: 20-
31.

Reynoldson, T.B., R.C. Bailey, K.E. Day and R.H. Norris. 1995. Biological guidelines for freshwater
sediment based on BEnthic Assessment of SedimenT (the BEAST) using a multivariate approach
for predicting biological state. Austral. J. Ecol. 20: 198-219.

Reynoldson, T.B., and K.E. Day. 1998. Biological guidelines for the assessment of sediment quality in the
Laurentian Great Lakes. NWRI Contribution Number 98-232. Burlington, ON: Environment
Canada.

Reynoldson, T.B., and D.M. Rosenberg. 1999. Benthic invertebrate community structure. In: C. Gray and
T. Tuominen (Eds.), Health of the Fraser River aquatic ecosystem, Vol. 1. DOE FRAP 1998-11,
chapter 3.6, p. 109-22.

Swartz, R.C., and D.M. Di Toro. 1997. Sediments as complex mixtures: an overview of methods to assess
ecotoxicological significance. In: C.G. Ingersoll, T. Dillon and G.R. Biddinger (Eds.), Ecological
risk assessment of contaminated sediments. SETAC Pellston Workshop on Sediment Ecological
Risk Assessment, April 23-28, 1995, Pacific Grove, CA. Pensacola, FL: SETAC Proceedings, p.
255-69.

United States Environmental Protection Agency (USEPA). 1993. Guidance Manual: Bedded Sediment

Bioaccumulation Tests. Newport, OR: US Environmental Protection Agency, September 1993,
ERLN-N271, EPA/600/R-93/183, 254 p.

National Guidelines and Standards Office -15-



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15

