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Under the St. Lawrence Action Plan Vision 2000 and the St. Lawrence Plan 1V, the
governments of Quebec and Canada undertook to address one of the major challenges
related to navigation, namely integrated dredging and sediment management on the St.
Lawrence River. To this end, the tools developed over the past few decades must be
reviewed and adapted in light of the experience acquired and recent innovations in the
field, including the development of methodological tools for the physicochemical and
toxicological analysis of sediments.

In this context, the Ministére du Développement durable, de I'Environnement et de la Lutte
contre les changements climatiques (MDDELCC) and Environment and Climate Change
Canada (ECCC) present this revised and updated version of its Guide méthodologique de
caractérisation des sédiments, first published in 1992.

This guide was revised so as to align with and complement other guides that address the
same objectives, such as the Sediment Sampling Guide for Dredging and Marine
Engineering Projects on the St. Lawrence River — Volumes 1 and 2 (EC, 2002a, b), the
Criteria for the Assessment of Sediment Quality in Quebec and Application Frameworks:
Prevention, Dredging and Remediation (EC and MDDEP, 2007) and the Ecological Risk
Assessment of Open-Water Sediment Disposal to Support the Management of Freshwater
Dredging Projects guide. (MDDEFP and EC, 2013).
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The purpose of this guide is to standardize existing sediment characterization methods,
specifically by integrating performance criteria that must be met by analyses as well as
acceptance criteria for analysis results. It contains references to recognized, validated
analytical methods. More generally, it is designed to minimize variability attributable to
laboratory sources, from the receipt of samples to the issuance of certificates of analysis.
It is designed to be used in the characterization of freshwater and marine sediments and
is intended for managers of characterization projects, environmental consulting firms and
laboratories that perform sediment analyses.

The guide is divided into seven parts. The introduction outlines the purpose of the guide
and examines its context in order to identify the constraints associated with the
characterization of sediments within a consistent, standardized framework. Part 2
addresses the laboratory procedures for the receipt and storage of samples. Part 3 deals
with laboratory quality assurance and quality control. Part 4 covers certificates of analysis.
Part 5 describes the general procedure for preparing sediment samples for chemical
analysis. Part 6 sets out the sediment analysis parameters, the performance criteria
required by the analytical methods, the acceptability criteria for results and a list of
recommended analytical methods. Part 7 provides guidance on toxicological
characterization.
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1.1. CONTEXT

The purpose of the physicochemical and toxicological characterization of sediments is to address
the concerns of stakeholders who are sensitive to the need to protect the quality of aquatic
ecosystems. Standardized analysis methods must be used in order to meet the characterization
requirements and to ensure consistency among studies for the purpose of uniform contaminated
sediment management. One of the challenges in the interpretation of the results of
physicochemical sediment analyses is the difficulty comparing results from different sources,
since the characterization methods used can vary from laboratory to laboratory. The revision of
this guide is designed to provide guidance for the physicochemical and toxicological analyses that
must be conducted to assess sediment quality in Quebec, in accordance with the various quality
guidelines application frameworks defined for the three management contexts: (1) prevention of
sediment contamination due to industrial discharges; (2) management of sediments from dredging
operations or (3) contaminated site remediation (EC and MDDEP, 2007).

1.2. USE OF THE DOCUMENT

The purpose of this guide is to standardize the methodology for the analysis of sediments by
establishing the necessary performance criteria. It contains references to recognized, validated
analytical methods that provide precise results and meet the established performance criteria.
More generally, this guide seeks to reduce variations in results caused by laboratory procedures,
from the receipt of samples to the issuance of certificates of analysis.

This guide will be useful for laboratory personnel and managers of characterization projects. It
addresses is focussed on laboratory activities, from the receipt of samples to the issuance of
certificates of analysis. For each parameter, the guide presents: the principle of the method, a
reference to the applicable sediment quality criteria, the performance criteria for the analytical
method, the acceptability criteria for the results and a list of recommended analytical methods.
The guide defines the elements that can be used to verify the precision and accuracy of the
analyses as well as the key aspects of a quality assurance/quality control program that will enable
managers of characterization projects to ensure the representativeness of the analytical results.
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2.1. RECEIPT OF SEDIMENT SAMPLES

The Sediment Sampling Guide for Dredging and Marine Engineering Projects on the St. Lawrence
River Volumes 1 and 2 (EC, 2002a, b) provides sampling teams with information on the practices
to follow for all activities in a sediment sampling program. It sets out the specific precautions to
be taken for the transportation and delivery of samples to the laboratory in order to ensure sample
integrity. In general, samples must be stored at approximately 4 °C from the time of collection to
their receipt at the laboratory (use of coolers and cooling agents). The number, volume and
position of the refrigerants (frozen) must be adjusted depending on the number, mass and initial
temperature of the samples and the samples must be sent to the laboratory as soon as possible.
Sediment samples for chemical analysis can also be frozen upon return from the field (see
Table 2-1).

The tools typically used to track all relevant information related to the samples in order to verify
the samples for conformity and to ensure proper follow-up are: the sample collection form, sample
analysis request form, sample delivery form and sample logbook.

For laboratory analyses, the analysis request form is filled out in a clear and unequivocal manner
and contains the following information:

The following information is entered in the field:

Project identification number;

Name of person responsible for the sampling plan;

Contact information for the person responsible for the sampling plan;
Name of the person responsible for sample collection;

Contact information for the person responsible for sample collection;
Sample identification number and number of containers bearing that number;
Date and time of sample collection;

Location of sample collection site;

Nature of the sample (sediments, water, solid waste, etc.);
Analytical parameters requested;

Type of sampling (surface sampling, core sampling, etc.);

Method of sample collection (diver, core sampler, grab, etc.);
Method of sample storage (e.g., freezing, refrigerated, etc.);

Any other relevant information related to collection or preservation.

The following information is entered on receipt at laboratory:

o Date of receipt at the laboratory;
e Laboratory number assigned to the sample;
¢ Name and contact information of the person who received the sample.

Sediment samples received at the laboratory are verified by the laboratory personnel to ensure
they match the information provided in the forms. Any irregularities, such as lost forms, missing
samples, misidentified samples or damaged containers, are documented and reported to the
person responsible for sample collection or to the appropriate individuals.
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Once the information has been verified and the samples have been identified by the laboratory
personnel, all information about the sediment samples is entered and all samples are stored under
conditions that minimize factors that could affect their integrity.

2.2. STORAGE OF SEDIMENT SAMPLES

It is critical that the person in charge of the analytical laboratory and the individual responsible for
field sampling agree in advance on details relating to the sample storage method. Any specific
instructions are clearly conveyed to the person responsible for sample collection. It is also
recommended that the heads of the two teams be in communication as early in the process as
possible, ideally at the start of the sampling planning process.

Table 2-1 presents the various storage methods for wet, dry or freeze-dried sediment samples at
4 + 2°C or for frozen samples at —18 °C or less, depending on the analytical parameters. It
presents the required sample volume, the type of container to be used and the holding times
between sample collection and analysis. This information is closely tied to the analytical methods
used. The volume of sample to be collected is based on the desired sensitivity and quantification
limits. The analytical parameters dictate the type of container and sample holding times. Generally
speaking, plastic or Teflon® containers are acceptable only when the sediments are analyzed for
physical or inorganic parameters, while glass containers are appropriate for all parameters. The
use of metal containers should be avoided. For the analysis of volatile compounds, a separate
container is required and it is strongly recommended that it be completely filled in order to limit
sample evaporation or oxidation. Special attention must be given to the choice of containers and
their fill level in order to minimize the risk of breakage, which could occur in the case of frozen
sediment samples. In some cases (e.g., acid-volatile sulfide and simultaneously extracted metals
(AVS-SEM) analysis), it is advisable to perform analytical work in a nitrogen atmosphere (flux) to
avoid disturbing elements that are sensitive to redox conditions, such as sulfides.

It is possible to extend the holding time of samples for physicochemical analysis for several years
by freezing them at a temperature of <-18 °C before expiry of the recommended holding time at
4+2°C. It is critical to indicate the number of days that the samples were stored at 4 +2 °C in
order to ensure compliance with holding times after thawing.
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Table 2-1: Recommended volumes and holding times for sediment samples? as a function of the
physicochemical parameters to be analyzed

Parameters Suggested volume Types of Holding time Holding time
(mL)? container?® at4+2°C at <-18°C
Moisture content 25 P, TorG 1 month decades
Particle size distribution 500 to 1000 P, TorG 1 month decades
Total Kjeldahl nitrogen 25 P, TorG 1 month decades
Total phosphorus 25 P, TorG 6 months decades
Total mercury 25 P, TorG 1 month decades
Total extractable metals: 25 P, TorG 6 months decades

aluminum, arsenic, bismuth,
cadmium, calcium,
chromium, copper, iron,
lead, magnesium,
manganese, nickel,
potassium, selenium,
sodium, and zinc

Total sulphur 25 P, TorG 6 months decades
Total organic carbon 25 TorG 1 month decades
Polychlorinated biphenyls 300 GA or GB 14 days decades
Organochlorine pesticides 50 GA or GB 14 days decades
Toxaphene 100 GB 7 days decades
Polycyclic aromatic 300 GB 14 days decades
hydrocarbons

Petroleum hydrocarbons 300 GA 14 days decades
ClO'CSO

Chlorinated dioxins and 300 GB 14 days decades
furans

Phenolic compounds 300 GA 14 days decades
Nonylphenols 100 GA 14 days decades
Polyethoxylated 100 GA 14 days decades

nonylphenols

Butyltins 100 PorG not available decades

! For dry, freeze-dried, frozen or wet samples. No preservatives are required for the parameters presented in this table.
2 These sample volumes are provided as a guide only. It is recommended to check with the laboratory.
3 Type of container:

p: Bottles and lid liners made of the following plastics: low- or high-density polyethylene,
polypropylene, polystyrene, polyvinyl chloride or Teflon®.
T: Bottles and lid liners made of the following types of Teflon®: polytetrafluoroethylene (PTFE),

fluorinated ethylene propylene (FEP), perfluoroalkoxy (PFA), chlorotrifluoroethylene (CTFE),
ethylene tetrafluoroethylene (ETFE) or ethylene chlorotrifluoroethylene (ECTFE).

G: Glass bottles and glass, plastic or Teflon® lid liners.
GA: Glass bottles and aluminum (aluminum foil between the sample and the lid) or Teflon® lid liners.
GB: Amber glass bottles (or clear glass surrounded with aluminum foil) and aluminum (aluminum foil

between the sample and the lid) or Teflon® lid liners.
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2.3. CONTAINER PREPARATION AND CLEANING

Itis critical that the sample collection containers (including the lids) and sample storage containers
(if different) are not a source of contamination. It is possible to obtain pre-washed containers
certified for organic and inorganic analysis from specialist suppliers of laboratory equipment. For
some parameters, the use of new contamination-free containers (after verification) is preferred.
However, containers can be reused after cleaning. The preparation and cleaning of containers is
performed by laboratory personnel. The main steps are summarized below.

e Wash the containers with a phosphate-free detergent, scrubbing all surfaces.
e Thoroughly rinse with tap water followed by distilled or deionized water and let dry. This
step is particularly important when sampling containers are reused.

In addition to this procedure, there are a number of measures to be taken when samples are to
be analyzed for inorganic and organic parameters.

¢ Inorganic parameters: soak the containers in a 10% nitric acid solution, thoroughly rinse
with deionized or distilled water, and let dry.

¢ Organic parameters: rinse the containers with acetone, hexane and then acetone again,
and let dry.

These same steps are also used for the decontamination of equipment or material that comes in
contact with samples during sampling (MDDEP, current edition; EC, 2002b).
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The implementation of a quality management system is evidence of a laboratory’s commitment
and ability to produce analytical results that are documented and for which the analytical method
can be reproduced and the records traced. To characterize sediments in the context of the
application of criteria for the assessment of in Québec (EC and MDDEP 2007) or other applicable
criteria, the laboratory must have a recoghized management system that is compliant with
ISO/IEC 17025:2005 or an equivalent standard in force at the time of the analyses.

3.1. QUALITY ASSURANCE/QUALITY CONTROL PROGRAM

A quality assurance/quality control program must cover all steps of a characterization study, from
field sampling, through sample storage and analytical determinations in the laboratory to
documentation of the entire process.

To be compliant, the management system and quality assurance program must include the
following, as required by ISO/IEC 17025:2005:

Management requirements Technical requirements
e  Organization e Personnel
e Management system e  Accommodation and environmental conditions
e  Document control e  Test methods and method validation
o Review of requests, tenders and contracts e  Equipment
e  Subcontracting of tests e  Measurement traceability
e Purchasing services and supplies e  Sampling
e  Service to the customer e Handling of test items
e  Complaints e Assuring the quality of test results
e  Control of non-conforming testing e  Reporting the results

. Improvement

e  Corrective action

e Preventive action
e  Control of records

. Internal audits

e Management reviews

3.2. QUALITY CONTROL

The laboratory must meet the requirements set out in the document Lignes directrices concernant
les travaux analytiques en chimie, DR-12-SCA-01 produced by the Centre d’expertise en analyse
environnementale du Québec (CEAEQ, current edition-a). It describes the various elements that
must be included in an effective quality control program for the performance of chemical analyses,
including requirements respecting facilities, reagents, equipment, reference materials, analytical
methods, traceability of information and quality control activities.

Guide for physicochemical and toxicological characterization of sediment 6



3.3. RELIABILITY OF THE ANALYTICAL METHOD

This guide proposes analytical methods on the basis of performance criteria requirements. It is
therefore important to obtain data on the reliability of an analytical method to determine whether
it meets the prescribed criteria. A protocol for identifying reliability data is presented in Protocole
pour la validation d’'une méthode d’analyse en chimie (DR-12-VMC) (CEAEQ, current edition-b),
which defines the processes used to determine reliability and to validate the analytical methods
and specific terms related to the methods. The validation of an analytical method requires the use
of several parameters for demonstrating the precision and accuracy of the analysis: method
detection limit (MDL), limit of quantification (LOQ), reliability (e.g., reproducibility, repeatability),
accuracy, sensitivity and recovery. These terms are defined in Appendix 1.

3.4. QUALITY CONTROL ELEMENTS

For each parameter analyzed, the laboratory must establish the quality control activities
associated with an analytical run. A proper quality control program must include the following
elements: blanks, replicates, certified reference material, injection standard and recovery (or
extraction) standard. These terms are defined in Appendix 2.

The quality control elements must always be analyzed using the same method and at the same
time as the other samples in order to allow for true verification of the quality of the work and
analytical methods. The minimum number of quality control elements to be included in the
analytical series is presented in Table 1 of Appendix 2. This table is taken from the document
Lignes directrices concernant les travaux analytiques en chimie, DR-12-SCA-01 (CEAEQ, current
edition-a).

3.5. WATER QUALITY, REAGENTS AND SOLVENTS

The water used in the analyses is distilled or deionized water of a quality suitable to the type of
analysis performed. For inorganic chemical analysis, the water must have a conductivity of less
than or equal to 2 umhos/cm at 25 °C (or a resistivity greater than or equal to 0.5 MQ/cm) and
must be checked weekly. The water purification and analysis equipment must be included in the
laboratory’s equipment verification program.

The reagents and solvents used meet the methodological requirements of the analyses
performed. The laboratory defines procedures for purchasing reagents and solvents and quality
checking them before use. The laboratory has an up-to-date inventory of reagents, solvents and
chemicals. The inventory records clearly identify the standards and reference materials and
provide all necessary information (Lignes directrices concernant les travaux analytiques en chimie
[DR-12-SCA-01], CEAEQ, current edition-a).

Work solutions are clearly identified, and solution preparation records are kept to ensure
traceability.
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3.6. EQUIPMENT

The requirements respecting the laboratory’s analytical equipment must be specified in the
laboratory’s quality manual and must comply with the standards and requirements to which the
laboratory adheres.

The main requirements are as follows:

Maintain an equipment inventory system;

Maintain an equipment performance verification log;

Keep calibration records in accordance with established calibration intervals;
Keep a calibration procedures manual for each piece of equipment;

Keep equipment maintenance records;

Keep equipment use records.

Balances, micropipettes, ovens and other ancillary equipment that affects the quality of the
analyses must be included in the equipment verification program.
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The certificate of analysis must contain enough information to properly interpret the results of the
sediment analysis. The elements that must be included in a certificate of analysis are indicated in
ISO/CEI 17025:2005 — General Requirements for the Competence of Testing and Calibration
Laboratories, CAN-P-4E — General Requirements for the Competence of Testing and Calibration
Laboratories (Adoption of ISO/CEI 17025), and the requirements of the Quebec Analytical
Laboratory Accreditation Program (PALA) or equivalent standards in effect at the time of analysis.

As a general rule, the certificate of analysis contains the following information:

Project title;

Name and address of the laboratory that performed the analyses;

Unique certificate number ;

Name and address of the client;

ID number of the sample analyzed;

Nature of the sample analyzed;

Sample collection date;

Name of sampler or their agent;

Date of receipt of the sample;

10 Identification of each page and the total number of pages;

11.Sample pretreatment and analysis method and any deviation from the documented
protocol (see section 5.1);

12.Results and units of measurement, on dry or wet basis, percent recovery of standards
used and corrections applied, if any;

13.Information on quality assurance/quality control, such as the results obtained for the
quality control elements discussed in section 3.4;

14.Signature and title of the supervisor or authorized designate;

15. Date of issuance of the certificate;

16. Statement that the certificate cannot be reproduced, except in full, without the written
approval of the laboratory;

17.Clear statement of the work done under contract, where applicable

©CoNoOrWNE
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Where the results must be compared against the Quebec sediment quality assessment criteria
(EC and MDDEP, 2007), the chemical analyses must necessarily be performed on the fraction of
wet- or dry-sieved sediments finer than 2 mm, following sufficient disaggregation to break up the
aggregates without damaging the siliceous particles. Disaggregation must be superficial and must
not damage the sample.

In the preparation of samples, all equipment that comes into contact with the sediments must be
made of a material that will not alter the results. For instance, for the determination of organic
substances, it is essential to use stainless steel (or metal) equipment, whereas for the
determination of inorganic substances, Teflon® (or high-density polyethylene or nylon) must be
used. The use of stainless steel or brass could be used for inorganic parameters, but the sieves
must show no visible signs of deterioration.

5.1. SAMPLE PRETREATMENT

The pretreatment operations described in Table 5-1 are used to treat the sediment samples prior
to chemical analysis. These operations are not required, however, for determination of moisture
content, particle size or total organic carbon unless these characteristics are required to make a
correction on the presentation of the results of the chemical characterization. In this case, the
same pretreatment operations as those used for chemical analysis must be performed.

If the physical characteristics for describing the sediments as they were prior to sampling (useful
for the selection of the dredging and sediments management methods), pretreatment is
unnecessary. Once again, the importance of good communication between the field sampling
team and the laboratory team at the planning stage is evident. This makes is possible to explicitly
agree on the pretreatment operations to be carried out in accordance with the specific
requirements of each case.

Depending on the parameters of interest in the characterization study, it may be recommended
to conduct chemical analyses using wet, dry or freeze-dried samples (Table 5-1). As the results
can vary depending on the drying method, the method should be included on the certificates of
analysis.
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Table 5-1: Acceptable sample pretreatment methods for the physicochemical analysis of
sediment

Parameters Wet Drying at Drying at Drying at Freeze-drying
without 105°C 60°C ambient T <0°C
treatment

Physical parameters

Moisture content YES NO NO NO NO

Particle size distribution YES NO NO YES YES

Inorganic parameters

Total Kjeldahl nitrogen YES NO NO NO YES
Total phosphorus YES NO NO NO YES
Total mercury YES NO NO NO YES
Aluminum, arsenic, bismuth, cadmium, YES YES YES YES YES

calcium, chromium, copper, iron, lead,
magnesium, manganese, nickel, potassium,
selenium, sodium and zinc

Total sulphur NO YES YES YES YES

Organic parameters

Total organic carbon YES NO NO NO YES
Polychlorinated biphenyls YES NO NO YES YES
Organochlorine pesticides YES YES YES YES YES
Toxaphene YES YES YES YES YES
Polycyclic aromatic hydrocarbons (PAH) YES NO NO NO YES
Petroleum hydrocarbons C1,-Cso YES NO NO NO YES
Chlorinated dioxins and furans NO NO NO YES YES
Phenolics YES NO NO NO YES
Nonylphenol YES NO NO NO YES
NPEO YES NO NO NO YES
Butyltins YES NO NO YES YES

5.1.1. Pretreatment for analysis on dry sediment

When analyses are performed on dry sediment, a subsample is first taken for the determination
of the water content of the sample. It is preferable not to decant the samples. It is recommended
to mix the water back into the sediment before taking an aliquot and to avoid the loss of the more
soluble contaminants. The following pretreatment steps are then taken.

Drying

Several drying techniques are available including at ambient temperature in a hood, in a
drying oven at 105 °C, and freeze-drying at a temperature of less than 0°C, etc. The choice
of technique depends on the physical and chemical properties of the parameter to be
measured (Table 5-1). The sample must be dried to a constant weight.

Guide for physicochemical and toxicological characterization of sediment 11




Sieving to 2 mm

The dried portion of the sediment is passed through a 2-mm sieve in order to remove
course debris and gravel. To this end, particle aggregates must be gently disaggregated
with a spatula. It is critical not to grind the sample to avoid damaging it, i.e. altering the
original particle size. It is also important not to break up shells or unnecessarily crush the
material. Any particles that do not pass through the sieve are discarded.

Homogenization

The fraction of sediments that passes through the sieve is collected in a suitable container.
The sample is then well homogenized using a spatula or stirring rod prior to taking an
aliquot for analysis.

If the sediment management requirement is different or if the analytical parameters are not the
same as those presented in section 6, the pretreatment steps must be defined and explicitly set
out in the certificate of analysis.

5.1.2. Pretreatment for analysis on wet sediment

When it is recommended to perform the chemical analyses on wet sediment, the results of these
analyses are presented on a dry weight basis to allow for comparison against the sediment quality
criteria (EC and MDDEP 2007). It is preferable not to decant the samples. It is recommended to
mix the water back into the sediment before taking an aliquot to avoid the loss of the more soluble
contaminants. For determinations on wet sediment, the following pretreatment steps are applied.

Sieving to 2 mm

The wet sample is passed in successive portions through a 2-mm, without water addition,
sieve to remove coarse debris and gravel. To this end, particle aggregates can be gently
disaggregated with a spatula, without altering the original particle size of the sediments. It
is critical that this disaggregation be superficial and that it not damage the sample. Care
must be taken to avoid breaking up shells or unnecessarily crushing the material. Any
particles that do not pass through the sieve are discarded.

Homogenization

The fraction of sediments that passes through the sieve is collected in a suitable container.
It is recommended to mix the water back into the sediment to avoid the loss of the more
soluble contaminants.The sample is then well homogenized using a spatula or stirring rod
prior to taking an aliquot for analysis.

If the sediment management requirement is different or if the analytical parameters are not the
same as those presented in section 6, the pretreatment steps must be defined and explicitly set
out in the certificate of analysis. In addition, if the sediments contain a very high percentage of
water (> 60%) freeze dry may be considered. This should be discussed with the analytical
laboratory.
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The main objective of this section is to recommend suitable methods for the analysis of
parameters in accordance with the Criteria for the Assessment of Sediment Quality in Quebec
(EC and MDDEP 2007) and other complementary parameters.

In this section, each analytical parameter is presented according to the following structure:

1. The principle and theory of the analytical method presenting 1) the parameter to be
analyzed and, where relevant, the main sources of discharges to the environment and the
importance of assessing this parameter for sediments; 2) the principle and theory of the
recommended method specific to the parameter described. The methods presented are
for guidance only and may change with advances in technology.

2. The applicable sediment quality guidelines, if any. In this chapter, the “Quebec sediment
guality criteria” refers to the Criteria for the Assessment of Sediment Quality in Quebec
and Application Frameworks: Prevention, Dredging and Remediation (EC and MDDEP,
2007) and future updates.

3. The recommended sample volume and method of storage and pretreatment, as a
complement to the information provided in Chapters 2 to 5 of this document.

4. The performance criteria required by the recommended method and established on the
basis of the analytical limits of the laboratories of CEAEQ and Environment and Climate
Change Canada. The results acceptability criteria, according to the acceptability range
defined by the laboratory with respect to quality control elements. The minimum quality
control material insertion frequencies are presented in Table 1 of Appendix 2. The terms
used for the performance criteria and acceptability criteria are defined in the section
“Quality Assurance/Quality Control” for each of the analytical parameters.

5. References to the recognized and validated analytical methods that meet the performance
criteria set out in this guide.

Guide for physicochemical and toxicological characterization of sediment 13



6.1. MOISTURE CONTENT

6.1.1. Principle and theory

The determination of moisture content is a measurement of the water contained in the sediments.
Water can account for up to 90% of the weight of sediments in place. Moisture content is
expressed as the ratio, in percentage, of the weight of the water contained in a volume of
sediments to the weight of the total sample.

This information is used to correct or interpret the results of the analyses of other parameters. If
the moisture level of a sample is known, it is possible to convert its contaminant concentrations
to a dry-weight basis when analyses have to be conducted on wet sediments, and vice versa. For
that reason, it is important that the moisture content be determined on a subsample representative
of the sample used for analysis of the parameters of interest. The moisture content of sediments
is also useful for assessing the physical characteristics of the sediments (density, porosity, etc.).

The method selected must allow for drying of the sample to a constant weight, without resulting
in a significant loss of volatile compounds. Appropriate methods include drying to 105 °C or less,
slow drying at ambient temperature or freeze-drying.

The results are expressed as a percentage of weight.

6.1.2. Sediment quality assessment criteria

Quebec currently has no sediment quality criteria for moisture content. However, all analysis
results that will be compared against the Quebec sediment quality assessment criteria must be
presented on a dry weight basis (EC and MDDEP 2007).

6.1.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.1.4. Performance criteria and acceptability of results

The analytical method selected for the determination of moisture must meet the following
performance criteria:

Characteristics Performance criteria

Detection limit 0.5%
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To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must meet
the established acceptability criteria presented in the table below.

Characteristics Acceptability criteria

Reference materials The value obtained must be within +2 standard deviation from the mean of all
results obtained for the control samples. If the value obtained is within 2 and 3
standard deviations, a warning is given. If the value exceeds 3 standard
deviations, the result is out of control limits.

Duplicates The difference between duplicates must be 30% or less.

6.1.5. Recommended analytical methods

e Centre d’expertise en analyse environnementale du Québec. Détermination des solides
totaux et des solides totaux volatils: méthode gravimétrique, MA. 100 — S.T. 1.1, Ministére
du Développement durable, de I'Environnement et de la Lutte contre les changements
climatiques du Québec, current edition.

e Environment Canada. Determination of Percent Moisture of Soils, Sediments and
Sludges, E0009D. Prairie and Northern Laboratory for Environmental Testing (current
version available on request to: ec.enviroinfo.ec@canada.ca).
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6.2. PARTICLE SIZE DISTRIBUTION

6.2.1. Principle and theory

The purpose of particle size analysis is to determine the size distribution of the particles that make
up the sediments. Particle size analysis is useful for the interpretation of geochemical data and
allows for assessment of the physical effects of dredging operations and deposit of sediment, in
terms of hydrodynamics and sediment dynamics. Sediments particle size distribution can also be
considered a variable of benthic habitat and can be included in the interpretation of contaminant
bioavailability and the results of toxicity tests.

In the St. Lawrence River, organic matter is generally low (<2.5%). It is therefore unnecessary to
eliminate organic matter before performing particle size analysis. However, where the volume
occupied by organic matter must be known, as in the determination of sediment porosity and
density, the organic matter can be eliminated using hydrogen peroxide or by combustion.

Wet sieving is recommended for all samples. Sieving is conducted using several sieves ranging
in size from 0.0625 mm to 16 mm. Ideally, sieves with a mesh size of 4 mm, 2 mm, 1 mm,
0.500 mm, 0.025 mm, 0.125 mm and 0.0625 mm should be used to cover the entire particle size
distribution of sands (Table 6-). Fractions finer than 0.0625 mm (Table 6-) are determined using
classical manual methods (pipette, hydrometer) or instrumental methods (e.g. Coulter Counter®,
SediGraph®, Brinkman PSA®). The main principles on which these methods are based are
sedimentation rate, electrical sensing zone, laser time-of-transition theory, laser diffraction
spectrometry or image analysis. A combination of several methods can be effective for obtaining
a more refined determination of particle size distribution. The proportion of each sediment grain
size class, expressed in a percentage of the dry weight, is obtained by gravimetry or from
calculations specific to the instrument, depending on the method used.

Table 6-1: Classification generally used for particle size distribution

Methods Size (mm) Size (PHI)* Wentworth scale?
Wet sieving > 16 <-4 Very coarse gravel
<16 and >8 <-3and >4 Coarse gravel
<8 and >4 <-2 and >-3 Fine gravel
<4 and >2 <-1 and >-2 Very fine gravel
<2 and >1 <0 and >-1 Very coarse sand
<1 and >0.5 <1 and >0 Coarse sand
<0.5 and >0.25 <2 and >1 Medium sand
<0.25 and >0.125 <3 and >2 Fine sand
<0.125 and >0.0625 <4 and >3 Very fine sand
Pipette, hydrometer or <0.0625 and >0.031 <5and >4 Coarse silt
digital system <0.031 and >0.0156 <6 and >5 Medium silt
<0.0156 and >0.008 <7 and >6 Fine silt
<0.008 and >0.004 <8 and >7 Very fine silt
<0.004 >8 Clay

1 PHI scale is the logarithmic transformation to base 2 of the particle diameter in mm.
2 From Wentworth (1922).
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The results are expressed as a percentage of the relevant size fractions depending on the
objectives of the study. At a minimum, the percentages of sand, silt and clay should be obtained
in order to classify the sediments according to Shepard’s ternary diagram (1954) presented below:

Clay Legend

0 1 = Clay
100
2 = Sandy clay
10 90 3 = Silty clay
4 = Clayey sand
20 5 = Sand-clay-silt
1 80 6 = Clayey silt
7 = Sand
70 8 = Silty sand
9 = Sandy silt
10 = Silt

10

100 0
Sand o 10 20 30 40 50 60 70 80 90 100 Silt

6.2.2. Sediment quality assessment criteria

Quebec currently has no sediment quality criteria for particle size distribution. However, a
sediment sample must contain a sufficient proportion of fine particles to enable physicochemical
analysis. The document respecting sediment quality criteria states that the criteria apply to all
types of sediments, except sediment with a particle size of over 2 mm (EC and MDDEP 2007).

6.2.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

The sediment sample can be stored wet or frozen in a glass or plastic container, at a maximum
temperature of 4 £2°C or dried at ambient temperature until it is analyzed. With respect to dry or
frozen samples, there is no defined period within which analysis must occur. However, if the
sediment is dried, a dispersant such as sodium hexametaphosphate (5%) must be used prior to
the analysis to disperse agglomerates that form during drying. Sediments from the St. Lawrence
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River and its tributaries can contain over 20% clay from Champlain Sea deposits, which tends to
agglomerate when dried.

6.2.4. Performance criteria and acceptability of results

The analytical method selected for particle size analysis must meet the following performance
criteria:

Characteristics Performance criteria

Detection limit 0.01% (scale accuracy)

As in the case of the determination of sediment particle size, in the absence of reference
materials, 10 to 15% duplicate samples can be used.

6.2.5. Recommended analytical methods

¢ ASTM. Standard test method for particle-size analysis of soils, ASTM D422-63.

o McKeague, J.A., De Kimpe, C. 1980. Manual on Soil Sampling and Methods of Analysis.
Canadian Society of Soil Science, p. 16-31.

e Environment Canada. Particle Size Analysis for Sediments — Wet Sieving Method,
CPQO007S1 and E0011S. Quebec Laboratory for Environmental Testing and Prairie and
Northern Laboratory for Environmental Testing (current version available on request to:
ec.enviroinfo.ec@canada.ca).

e Centre d’expertise en analyse environnementale du Québec. Détermination de la
granulométrie. MA. 100 — Gran 2.0. Ministéere du Développement durable, de
I'Environnement et de la Lutte contre les changements climatiques du Québec, Current
edition.
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6.3. TOTAL KJELDAHL NITROGEN AND TOTAL PHOSPHORUS

6.3.1. Principle and theory

Nitrogen and phosphorus, along with carbon, are the most significant macronutrients in the
aquatic environment. They are normally present in natural equilibrium with water, sediments and
living organisms. However, this equilibrium can be disrupted by excessive inputs of nitrogen and
phosphorus from anthropogenic sources, which can manifest in several ways, such as algal
blooms, accelerated eutrophication and reduced surface water and sediment oxygen levels.

With the Kjeldahl method, ammonia nitrogen and organic nitrogen present in sediments can be
measured simultaneously. These two forms of nitrogen result from the action of natural processes
of decomposition of organic matter of natural or anthropogenic origin. Total phosphorus
represents all phosphorus present in the form of phosphates or organophosphorus compounds
in the sediments. As with nitrogen, one of the major sources of phosphorus in sediments is the
decomposition of organic matter.

Several methods are available for the determination of total nitrogen and total phosphorus in
sediments. The Kjeldahl method consists in the mineralization of nitrogen or phosphorus in hot
sulphuric acid in the presence of a catalyst. A method exists for determining total Kjeldahl nitrogen
and total phosphorus from the same mineralization step followed by combined or individual
measurement. All of the phosphorus is converted to orthophosphate; organic nitrogen compounds
are converted to ammonia nitrogen. During colorimetric determination, the orthophosphate ion
forms molybdenum blue. The absorbance of molybdenum blue measured at 660 nm is
proportional to the concentration of the specified parameter. In the case of the determination of
total Kjeldahl nitrogen, ammonia nitrogen becomes an ammonia salicylate complex, the
absorbance of which measured at 660 nm is proportional to the concentration. Total phosphorus,
like metals, can also be determined by ICP-MS after digestion.

The results are expressed as mg/kg of dry sediment taking account of the percent moisture of the
sample.

6.3.2. Sediment quality assessment criteria

Quebec currently has no sediment quality criteria for total Kjeldahl nitrogen or total phosphorus.
However, these substances can cause algal blooms and eutrophication problems that may have
to be assessed during dredging operations or contaminated site remediation.

6.3.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.3.4. Performance criteria and acceptability of results

The analytical method selected for the determination of these nutrients must meet the
performance criteria set out below:
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For Kjeldahl nitrogen

Characteristics Performance criteria
Detection limit 100 mg of N/kg
For total phosphorus
Characteristics Performance criteria
Detection limit 200 mg of P/kg

To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must meet
the established acceptability criteria presented in the table below.

Characteristics Acceptability criteria

Reference materials The value must be within +2 standard deviation from the mean of all results
obtained for these control samples. If the value obtained falls within 2 and 3
standard deviations, a warning is given. If the value exceeds 3 standard
deviations, the result is out of control limits.

Blanks If the blank contains a measurable concentration greater than 3 times the
detection limit, the blank value will be subtracted, unless it is a question of isolated
contamination that can be shown to be related to the blank only.

Duplicates The difference between duplicates must be 30% or less.

6.3.5. Recommended analytical methods

o Centre d’expertise en analyse environnementale du Québec. Détermination de l'azote
total Kjeldahl et du phosphore total : digestion acide — méthode colorimétrique
automatisée, MA. 300 — NTPT 2.0, Ministere du Développement durable, de
I'Environnement et de la Lutte contre les changements climatiques du Québec, current
edition.
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6.4. TOTAL MERCURY

6.4.1. Principle and theory

Mercury exists in many inorganic and organic forms in the environment. As a general rule, all of
these forms have an affinity for organic matter and sulphides. Since a large proportion of the
organic matter present in the aquatic environment is in particulate or colloidal form, mercury tends
to be easily transferred from the water column to sediments.

Given that mercury is highly volatile, the samples cannot be dried. As a result, for the analysis, a
wet sample is weighed or a freeze-dried sample is used.

Various methods are available for the determination of mercury in sediments, such as atomic
absorption, cold vapour atomic fluorescence, inductively coupled plasma mass spectrometry
(ICP-MS) after digestion of the samples and direct analysis by atomic absorption with combustion
of the sample.

For the cold vapour atomic fluorescence spectrometry method, the sample is first weighed and
mineralized with strong acids in an oxidizing environment. This step breaks down the organic
matter and the mercury is reduced to mercuric ion (Hg?*). Mercuric ion is then reduced to
elemental mercury using a stannous chloride solution (SnCl,), and is then transferred into a gas
in a cell. The mercury contained in the cell is then determined using atomic absorption
spectrometry or atomic fluorescence.

For the ICP-MS method, the sample is weighed and mineralized with strong acids in an oxidizing
environment before being measured.

For direct analysis of mercury, the sample is weighed and then thermally decomposed in a
temperature-controlled oven in the presence of oxygen. The combustion gases are then treated
in a catalytic tube heated to 750 °C and the released mercury is amalgamated on to a gold
collector. After desorption by heating, the mercury is measured by atomic absorption
spectrometry.

The results are expressed as mg/kg of dry sediment, taking into account the percent moisture of
the sample.

6.4.2. Sediment quality assessment criteria

Quebec has adopted sediment quality criteria for mercury (EC and MDDEP, 2007). As for metals,
they apply to the total extractable concentration measured either by mineralizing the sediments
with strong acids (nitric, sulphuric and hydrochloric) in an oxidizing environment, or by thermal
and chemical decomposition in a combustion oven. The difference in the approach used to
determine mercury as compared to other metals is due to analytical considerations specific to
mercury. In the case of land-based management of dredged sediments, measured concentrations
are compared against the soil quality criteria.

6.4.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.
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6.4.4. Performance criteria and acceptability of results

The detection limits of the methods used for analysis of mercury must be equivalent to or lower
than the quality criteria that will be used in the study. All of the performance criteria are calculated
from the dry weight of the sediment. The analytical methods used must also meet the performance
criteria defined in the following table:

Characteristics Performance criteria

Detection limit 0.05 mg/kg

To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must meet
the established acceptability criteria presented in the table below.

Characteristics Acceptability criteria

Reference materials The value must be within +2 standard deviation from the mean of all results

obtained for these control samples. If the value obtained is within 2 and 3
standard deviations, a warning is given. If the value exceeds 3 standard
deviations, the result is outside the criteria.

Blanks If the blank contains a measurable concentration greater than 3 times the

detection limit, the blank value will be subtracted, unless it is a question of isolated
contamination that can be shown to be related to the blank only.

Duplicates The difference between duplicates must be 30% or less.

6.4.5.

Recommended analytical methods

Centre d’expertise en analyse environnementale du Québec. Détermination des métaux:
méthode par spectrométrie de masse a source ionisante au plasma d'argon,
MA. 200 — Mét. 1.2, Ministére du Développement durable, de I'Environnement et de la

Lutte contre les changements climatiques du Québec, current edition.

Centre d’expertise en analyse environnementale du Québec. Détermination du mercure
dans les tissus biologiques et les sédiments par décomposition thermique : dosage par
photométrie UV, MA.207-Hg 2.0, Ministere du Développement durable, de
I'Environnement et de la Lutte contre les changements climatiques du Québec, current
edition.

Environment Canada. Analysis for total mercury in sediments, Q0143S and E0260S.
Quebec Laboratory for Environmental Testing and Prairie and Northern Laboratory for
Environmental Testing (current version available on request to:
ec.enviroinfo.ec@canada.ca).

Environment Canada. Standard operating procedure for the analysis of mercury in solids
by thermal decomposition, amalgamation and atomic absorption spectrometry, BO406S.
National Laboratory for Environmental Testing (current version available on request to:
ec.enviroinfo.ec@canada.ca).
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6.5. ALUMINUM, ARSENIC, CADMIUM, CALCIUM, CHROMIUM,
COPPER, IRON, LEAD, MAGNESIUM, MANGANESE, NICKEL,
SELENIUM, AND ZINC

6.5.1. Principle and theory

Metals and metalloids occur naturally in the environment. However, elevated concentrations
observed in sediments are generally associated with anthropogenic sources. Depending on their
origin and the prevailing conditions in the environment, metals are present in various forms that
are available to varying degrees to living organisms. Depending on its form, the metal will be more
or less extractable by analytical methods for the determination of metals.

There are three methods that are commonly used to extract metals from sediment samples. The
“total” method uses hydrofluoric acid, the “total extractable” method uses nitric acid and
hydrochloric acid, and the “HCI extractable” method uses hydrochloric acid 1N to solubilize the
metals. HCI extraction is a gentler method that takes account of potentially bioavailable metals in
the short term, whereas the total method extracts all metals, even those trapped in the silica
matrix. The “total extractable” method falls between the other two methods in terms of
aggressiveness of extraction. It extracts metals having short-, medium- or long-term potential
bioavailability. Other analytical approaches also exist for the determination of metals in sediments,
such as sequential extractions that can be used to separately measure various metal species
groups in a given sample. These more specialized approaches can be useful for studies that
require a more detailed level of information.

The Quebec sediment quality assessment criteria apply to total extractable concentrations
obtained by mineralization of the samples using a hot mixture of nitric acid and hydrochloric acid
(HCl and HNO3) called aqua regia (EC and MDDEP, 2007). The method can be used to determine
the quantity of exchangeable metals, bound to carbonates, iron oxides and manganese oxides
and to organic matter and sulphides. Because this method has been widely used for many years,
temporal comparisons are possible. The expression “total extractable metals” is often used to
describe this method, but is not exclusive to it. It is therefore preferable to always specify the
extraction agent, i.e., in the case of the “aqua regia extraction method.” The determination can be
performed by atomic absorption spectrometry with electrothermal atomic absorption spectrometry
(ET AAS) or by inductively coupled plasma atomic emission spectrometry (ICP-AES, ICP-OES,
ICP-MS). In the case of arsenic, a hydride generation step is needed if the determination is
performed by flame atomic absorption spectrometry (FAAS).

Analytical methods for metals are not limited to those considered here and can therefore include
a more exhaustive characterization of the metals present in the sediment sample.

The results are expressed as mg/kg of dry sediment.
6.5.2. Sediment quality assessment criteria
Quebec has adopted sediment quality criteria for arsenic, cadmium, chromium, copper, nickel,
lead and zinc (EC and MDDEP, 2007). They apply to the total extractable concentration. In the

case of land-based management of dredged sediments, measured concentrations are compared
against the soil quality criteria.
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6.5.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.5.4. Performance criteria and acceptability of results

The detection limits of the methods used for analysis of metals must be equivalent to or lower
than the sediment quality criteria that will be used in the study. All of the performance criteria are
calculated from the dry weight of the sediment. The analytical methods used must meet the
performance criteria defined in the following table:

Elements Detection limit
(mg/kg)

Al 20
As 2

Ca 30
Cd 0.15
Cr 25
Cu 10
Fe 20
Mg 24
Mn 9

Ni 20
Pb 10
Se 1

Zn 40

To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must meet
the established acceptability criteria presented in the table below.

Characteristics Acceptability criteria

Reference materials The value must be within +2 standard deviation from the mean of all results
obtained for these control samples. If the value obtained is within 2 and 3
standard deviations, a warning is given. If the value exceeds 3 standard
deviations, the result is out of control limits.

Blanks If the blank contains a measurable concentration greater than 3 times the
detection limit, the blank value will be subtracted, unless it is a question of isolated
contamination that can be shown to be related to the blank only.

Duplicates The difference between duplicates must be 30% or less.

6.5.5. Recommended analytical methods

e Centre d’expertise en analyse environnementale du Québec. Détermination des métaux
— méthode par spectrométrie de masse a source ionisante au plasma d'argon, MA. 200 —
Mét. 1.2, Ministére du Développement durable, de I'Environnement et de la Lutte contre
les changements climatiques du Québec, current edition.

e Environment Canada. Analysis of total metals by ICP-MS, CPQ134E and E0263D.
Quebec Laboratory for Environmental Testing and Prairie and Northern Laboratory for
Environmental Testing (current version available on request to:
ec.enviroinfo.ec@canada.ca).
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¢ Environment Canada. Standard operating procedure for the analysis of total recoverable
metals in environmental solids by aqua regia hot block digestion and inductively coupled
plasma quadrupole mass spectrometry with collision/reaction cell capability (crc-icp-gms).
B0403S. National Laboratory for Environmental Testing (current version available on
request to: ec.enviroinfo.ec@canada.ca).

e USEPA. Microwave assisted acid digestion of sediments, sludges, soils and oils.
Method 3051A-2 Revision 1. February 2007.
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6.6. TOTAL SULPHUR

6.6.1. Principle and theory

Sulphur in sediments can be of natural or anthropogenic origin. Sulphides form a group of
approximately 350 minerals, the most common of which are iron monosulfide (FeS) and pyrite
(FeSy). Their primary characteristic is their ability to oxidize, thereby releasing sulphur and
associated contaminants. Sulphides are present in most copper, zinc and lead ores mined in
Quebec. They are abundant in sedimentary and volcanic rocks, such as those of the
Appalachians and Canadian Shield. Sulphate minerals (SO.) are a group of approximately
220 minerals, the best known of which is gypsum (calcium sulphate). Sulphur in the form of
sulphides can also come from the reduction of sulphate by sulphate-reducing bacteria in organic-
rich, oxygen-poor environments. Sulphur also occurs naturally in various organic forms, primarily
in petroleum, coal and natural gas. Anthropogenic input of sulphur to the environment is primarily
through industrial mineral and petroleum handling and processing operations. Because sulphates
are soluble and friable, they are extensively used as chemical fertilizers, for the manufacturing of
gypsum boards and as a pesticide in paints.

The recommended analytical method provides the concentration of total sulphur using an infrared
detector. The sample is heated and inserted into a high-temperature oven in the presence of
oxygen to decompose the material into sulphur dioxide.

The results are expressed as mg/kg of dry sediment.

6.6.2. Sediment quality assessment criteria

Quebec currently has no sediment quality criteria for total sulphur. However, the analysis of total
sulphur is recommended during sediments characterization to assess the ecotoxicological risk of
open-water sediments disposal in support of the management of dredging projects in freshwater
(MDDEFP and EC, 2013).

6.6.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.6.4. Performance criteria and acceptability of results

All of performance criteria are calculated from the dry weight of the sediment. The analytical
methods used must meet the performance criteria defined in the following table:

Characteristics Performance criteria

Detection limit 100 mg/kg

To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must meet
the established acceptability criteria presented in the table below.
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Characteristics

Acceptability criteria

Reference materials

The value must be within +2 standard deviation from the mean of all results
obtained for these control samples. If the value obtained is within 2 and 3
standard deviations, a warning is given. If the value exceeds 3 standard
deviations, the result is outside the criteria.

Blanks If the blank contains a measurable concentration greater than 3 times the
detection limit, the blank value will be subtracted, unless it is a question of isolated
contamination that can be shown to be related to the blank only.

Duplicates The difference between duplicates must be 30% or less.

6.6.5. Recommended analytical methods

e Centre d’expertise en analyse environnementale du Québec. Détermination du carbone

et du soufre: méthode par combustion et dosage par spectrophotométrie infrarouge, MA.

310 — CS 1.0, Ministéere du Développement durable, de I'Environnement et de la Lutte

contre les changements climatiques du Québec, current edition.

e Environment Canada. Analyse du carbone, de l'azote, de I'hydrogene et du soufre —

technique d’analyse élémentaire, Q0118D. Quebec Laboratory for Environmental Testing
(current version available on request to: ec.enviroinfo.ec@canada.ca).
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6.7. TOTAL ORGANIC CARBON

6.7.1. Principle and theory

Carbon is present in sediments in organic (e.g. humic substances, plant material) and inorganic
form (carbonates, bicarbonates). The presence of organic carbon in sediments is an important
determinant of the bioavailability of nonionic organic compounds. It also affects the bioavailability
of metals.

Samples used for the determination of total organic carbon (TOC) must not be previously dried
S0 as to prevent the loss of volatile organic matter. The preferred method for determining TOC is
titration. A potassium dichromate solution is added to the sample in the presence of sulphuric
acid. After the reaction, the quantity of potassium dichromate that does not react with the sample
is measured to establish the concentration of total organic carbon.

The results are expressed as a percentage of carbon taking into account the percent moisture of
the sample.

6.7.2. Sediment quality assessment criteria
Quebec currently has no sediment quality criteria for TOC.

TOC is often used to standardize, on the basis of sediment organic carbon content, dry weight
concentrations of nonionic organic compounds. However, although the TOC content of sediments
can reduce the bioavailability of nonpolar organic substances and, as a result, their toxicity to
benthic organisms, the data used to establish the criteria are inadequate for quantifying and
predicting the influence of this parameter of the toxicity of contaminants (CCME, 1995). As a
result, the guidelines that apply to polycyclic aromatic hydrocarbons and other organic
compounds, with the exception of toxaphene and nonylphenol, should not be adjusted as a
function of TOC content. In the case of toxaphene and nonylphenol and its ethoxylated
derivatives, given that the threshold effect levels (TEL) were calculated on the basis of a sediment
TOC content of 1%, the value of the quality guideline can be corrected by multiplying the TEL by
the percentage of TOC in the sample, to a maximum value of 10% TOC (EC and MDDEP, 2007).

6.7.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.7.4. Performance criteria and acceptability of results

The analytical method selected for the determination of TOC must meet the following performance
criteria:

Characteristics Performance criteria

Detection limit 0.1%

To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must meet
the established acceptability criteria presented in the table below.
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Characteristics

Acceptability criteria

Reference materials

The value must be within +2 standard deviation from the mean of all results
obtained for these control samples. If the value obtained is within 2 and 3
standard deviations, a warning is given. If the value exceeds 3 standard
deviations, the result is outside the criteria.

Duplicates

The difference between duplicates must be 30% or less.

6.7.5. Recommended analytical methods

e Centre d’expertise en analyse environnementale du Québec. Détermination du carbone
. dosage par titrage, MA. 405 — C 1.1, Ministére du
Développement durable, de 'Environnement et de la Lutte contre les changements

organique total dans les solides

climatiques du Québec, current edition.

¢ Environment Canada. Analyse du carbone organique total dans les sédiments — Méthode

par oxydation au dichromate de potassium, QO0115S. Quebec Laboratory for
Environmental (current version available on request to:
ec.enviroinfo.ec@canada.ca).
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6.8. POLYCHLORINATED BIPHENYLS (PCB)

6.8.1. Principle and theory

Polychlorinated biphenyls (PCBs) are synthetic compounds consisting of two benzene rings
joined by a single bond. The 10 hydrogen atoms can be replaced by 10 chlorine atoms. PCBs are
not readily soluble in water, but highly soluble in fats, oils and nonpolar organic solvents.

Commercial PCB mixtures have been produced since 1929. Most producers scaled back or
ceased production in the 1970s, but some continued until 1983. Small quantities continue to be
produced, primarily for use in laboratories. PCBs can also be unintentionally produced as
impurities or by-products in a variety of chemical processes, including the synthesis of
chlorobenzene, chlorinated solvents (e.g., chloroform), chlorinated alkanes, certain pigments, etc.
They are also a byproduct of the thermal decomposition of chlorinated organic compounds (e.g.,
in municipal incinerators).

Sediment PCB concentrations must be measured using a method that takes account of their
profile in the sediments in question. It is critical to use a method based on the determination of
concentrations of various PCB congeners. It is also highly recommended that the individual
concentrations of the 41 congeners listed in the current revision of method MA. 400 PCB 1.0
(CEAEQ, 2009) be indicated in certificates of analysis for PCBs. It is also important that the
certificate of analysis include the subtotal of homologue groups, in addition to the total PCB
concentration. PCB determination is commonly performed using gas chromatography/low-
resolution mass spectrometry (GC-MS).

When toxic effects similar to those associated with dioxins and furans are suspected, owing to
the possible presence of significant quantities of planar and coplanar PCBs in sediments, the
analytical approach used will have to provide both the total PCB concentrations and the
concentrations of the 12 congeners for which 2,3,7,8-TCDD toxic equivalent factors as applied to
fish were derived (EC and MDDEP, 2007). In that case, if the requirements cannot be achieved
using low resolution GC-MS, gas chromatography/high-resolution mass spectrometry (GC-
HRMS) will have to be used.

PCBs are extracted from sediment samples with toluene or hexane using various techniques,
including sonication and Soxhlet extraction. The extracts are purified by successive passage
through columns of activated copper and an adsorbent, such as alumina. The purified extract is
collected and its solvent is evaporated to reduce the final volume and thereby meet the required
method detection limits.

The extracts are analyzed using gas chromatography/mass spectrometry in selected ion
monitoring mode (GC-MS-SIM). The concentration of each specific congener is obtained by
comparing the area of the chromatographic peak of the sample with that of the standard solutions.
Instrument variations are compensated for by the addition of injection or volumetric standard
solutions. A response factor is calculated as a function of specific congeners. All congeners that
are not specific (not targeted in the calibration table) are quantified by comparison with the mean
response factor of their corresponding homologue group (ClI-3 to CI-10). A subtotal can therefore
be obtained for each homologue group CI-3 to CI-10. The sum of the homologue subtotals is used
to obtain the concentration of total PCBs. Where possible, the concentrations of specific
congeners, non-target congeners, homologue groups and total PCBs are corrected according to
the corresponding recovery standard (extraction standard). The certificate of analysis must
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indicate whether or not the results are corrected according to the recovery standards, and the
percent recovery of the extraction standards must be indicated.

The results are expressed as mg/kg of dry sediment for purposes of comparison against the
sediment quality criteria.

6.8.2. Sediment quality assessment criteria

Quebec has adopted sediment quality criteria for total PCBs (EC and MDDEP, 2007). They apply
to the sum of the concentrations of each homologue group based on the analysis of 41 congeners.
In the case of land-based management of dredged sediments, measured concentrations are
compared against the soil quality criteria.

6.8.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.8.4. Performance criteria and acceptability of results

The detection limits of the methods used for analysis of PCBs must be equivalent to or lower than
the sediment quality criteria that will be used in the study. All of these performance criteria are
calculated from the dry weight of the sediments. The analytical methods used must meet the
performance criteria set out in the following table:

Homologue group Name of compound Substitution position Detection limit
(IUPAC No.) mg/kg
Trichlorobiphenyls 17 2,2',4-PCB 0.007
18" 2,2',5-PCB 0.007
28" 2,4,4-PCB 0.005
31" 2,4',5-PCB 0.005
33 2',3,4-PCB 0.005
Tetrachlorobiphenyls 44 2,2’,3,5-PCB 0.005
49 2,2°,4,5-PCB 0.005
52 2,2',5,5-PCB 0.005
70 2,3,4',5-PCB 0.005
74 2,44 ,5-PCB 0.005
Pentachlorobiphenyls 82 2,2',3,3,4-PCB 0.005
87 2,2',3,4,5-PCB 0.005
95 2,2',3,5,6-PCB 0.005
99 2,2',4,4,5-PCB 0.005
101 2,2°,4,5,5-PCB 0.005
105 2,3,3',4,4-PCB 0.005
110 2,3,3,4',6-PCB 0.005
118 2,3,4,4,5-PCB 0.005
Hexachlorobiphenyls 128 2,2',3,3',4,4-PCB 0.005
132 2,2',3,3',4,6'-PCB 0.005
138™ 2,2',3,4,4',5-PCB 0.005
149 2,2',3,4,5,6-PCB 0.005
151 2,2',3,5,5',6-PCB 0.005
153 2,2,4,4,55-PCB 0.005
156 2,3,3,4,4,5-PCB 0.005
158™ 2,3,3,4,4',6-PCB 0.005
169 3,3,4,4,5,5-PCB 0.005
Heptachlorobiphenyls 170 2,2',3,3,4,4,5-PCB 0.005
171 2,2',3,3',4,4,6-PCB 0.005
177 2,2',3,3,4',5,6-PCB 0.005
180 2,2',3,4,4',5,5-PCB 0.005
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Homologue group Name of compound Substitution position Detection limit

(IUPAC No.) mag/kg

183 2,2,3,4,4,5,6-PCB 0.005

187 2,2,3,4,55,6-PCB 0.005

191 2,3,3,4,4,5,6-PCB 0.005

Octachlorobiphenyls 194 2,2'3,3',4,4,55-PCB 0.005
195 2,2,3,3,4,4,56-PCB 0.005

199 2,2,3,3,4,55,6-PCB 0.005

205 2,3,3,4,4,55,6-PCB 0.005

Nonachlorobiphenyls 206 2,2',3,3,4,45,5,6-PCB 0.005
208 2,2,3,3,4,55,6,6-PCB 0.006

Decachlorobiphenyl 209 2,2,3,3,4,45,5,6,6-PCB 0.006

"These two compounds can be co-eluted and therefore reported together.
"These two compounds can be co-eluted and therefore reported together.
" These two compounds can be co-eluted and therefore reported together.

To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must meet
the established acceptability criteria presented in the table below.

Characteristics Acceptability criteria

Reference materials The value must be within +2 standard deviation from the mean of all results

obtained for these control samples. If the value obtained is within 2 and 3
standard deviations, a warning is given. If the value exceeds 3 standard
deviations, the result is out of control limits.

If the blank contains a measurable concentration greater than 3 times the
detection limit, the blank value will be subtracted, unless it is a question of isolated
contamination that can be shown to be related to the blank only.

Recovery standard (extraction) The percent recovery must be between 40 and 130%. However, depending on

the compiled results for a particular project (and a matrix), this range may be
reduced to better reflect the extraction conditions of a given matrix.

Duplicates The difference between duplicates must be 30% or less.

Recommended analytical methods

Centre d’expertise en analyse environnementale du Québec. Détermination des
biphényles polychlorés : dosage par chromatographie en phase gazeuse couplée a
un spectromeétre de masse — méthode par congénére et groupe homologue, MA. 400
— BPC 1.0, Ministére du Développement durable, de 'Environnement et de la Lutte
contre les changements climatiques du Québec, current edition.

Environment Canada. Congénéres de biphényles polychloré dans I'eau et les solides
par HRGC-HRMS, QO0506D. Quebec Laboratory for Environmental Testing (current
version available on request to: ec.enviroinfo.ec@canada.ca).
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6.9. ORGANOCHLORINE PESTICIDES

6.9.1. Principle and theory

Organochlorine pesticides are organic compounds with several chlorine atoms. Used primarily as
insecticides, they are highly stable in the environment and are non-selectively toxic towards
certain living organisms. With the exception of lindane and endosulfan, which are still in use today,
a number of organochlorine insecticides have not been used in Canada since the 1970s.
However, low concentrations are still present in the environment.

Organochlorine pesticides are extracted from sediment samples by mechanical shaking with an
acetone-hexane mixture or in a Soxhlet apparatus with toluene. The extract can be filtered on a
glass fibre membrane and concentrated to a low volume. It is then purified and separated by
column chromatography with Florisil or silica 3%. Pesticides can also be purified by solid phase
extraction (SPE). The extract is measured using gas chromatography / mass spectrometry in
selected ion monitoring mode (GC-MS-SIM) or by gas chromatography / electron capture
detector. When requirements in terms of detection limit cannot be met with low resolution GC-
MS, gas chromatography/high-resolution mass spectrometry (GC-HRMS) will have to be used.
The concentrations of organochlorine pesticides contained in the sample are calculated by
comparing the height or area of the chromatographic peaks of the products present in the sample
with those obtained for standard solutions of known concentrations. Variation due to instrument
performance is compensated for by the addition of injection internal standards, and analyte
recovery can be corrected by the addition of isotopically labeled analogue standards. High-
resolution mass spectrometry can also be used to lower the detection limits and thus meet the
criteria.

The results are expressed as mg per kg of dry sediments.

6.9.2. Sediment quality assessment criteria

Quebec has adopted sediment quality criteria for chlordane, DDD, DDE, DDT, dieldrin, endrin,
heptachlor epoxide and lindane (EC and MDDEP, 2007). They apply to total concentrations.
When isomers are analyzed, as in the case of chlordane, DDD, DDE and DDT, the total
concentration is obtained by summing the isomers. In the case of land-based management of
dredged sediments, measured concentrations are compared against the soil quality criteria.

6.9.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.9.4. Performance criteria and acceptability of results
The detection limits of the methods used for analysis of organochlorine pesticides must be

equivalent to or less than the sediment quality criteria that will be used in the study. The detection
limits are indicated in the table below.
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Compound Detection limit

mg/kg
Chlordane 0.0009
DDD 0.0002
DDE 0.0003
DDT 0.0003
Dieldrin 0.0004
Endrin 0.0006
Heptachlor epoxide 0.0002
Lindane 0.0002

To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must be
within the acceptable range predefined by the laboratory.

All of these performance criteria are calculated on the basis of the dry weight of the sediments.
The analytical methods used must meet the performance criteria defined in the following table:

Characteristics Acceptability criteria

Reference materials The value must be within +2 standard deviation from the
mean of all results obtained for these control samples or
within the range, mean value +30%.

Blanks If the blank contains a measurable concentration less than
or equal to 10 times the detection limit, the blank value will
be subtracted from the concentration of the samples in the
series.

Recovery standard The percent recovery must be 60% or higher.
(extraction)

6.9.5. Recommended analytical methods

e Centre dexpertise en analyse environnementale du Québec. Détermination de
pesticides de type organochloré dans des sols et des sédiments : extraction avec
acétone et hexane; dosage par chromatographie en phase gazeuse couplée a un
spectrométre de masse, MA. 416 — P. Ocl 1.0, Ministére du Développement durable,
de I'Environnement et de la Lutte contre les changements climatiques du Québec,
current edition.

e Environment Canada. Pesticides organochlorés dans les solides par HRGC-HRMS,
Q0514S. Quebec Laboratory for Environmental Testing (current version available on
request to: ec.enviroinfo.ec@canada.ca).

Guide for physicochemical and toxicological characterization of sediment 34


mailto:ec.enviroinfo.ec@canada.ca

6.10. TOXAPHENE

6.10.1. Principle and theory

Toxaphene is a pesticide composed of a complex mixture of chlorinated compounds that can
contain 6 to 10 chlorine atoms. It is known for its persistence in the environment, high toxicity,
bioaccumulation potential, and long-range transport capacity in the air. Due to these properties,
it is considered a persistent organic pollutant (POP). With the introduction of severe restrictions
on the use of DDT in the early 1970s, the use of toxaphene increased significantly. From 1972 to
1984, it was the most widely used pesticide in the world. Due to its high toxicity, it was banned in
the United States in 1982. Other countries around the world subsequently banned its use,
including Canada (1985) and several European countries.

Toxaphene in sediment is extracted with a mixture of acetone and hexane (1/1) using a
mechanical shaker. Toxaphene is then separated from PCBs on a deactivated silica gel column.
The fraction of interest is analyzed by gas chromatography-electron capture detection (ECD). The
concentration of toxaphene in the sample is calculated by comparing the sum of the area of the
peaks of the sample products with that of standard solutions of known concentrations.

The results are expressed as mg per kg of dry sediments.

6.10.2. Sediment quality assessment criteria

Quebec has adopted sediment quality criteria for toxaphene (EC and MDDEP, 2007).
6.10.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.10.4. Performance criteria and acceptability of results

The detection limits of the methods used for analysis of toxaphene must be equivalent to or lower
than the sediment quality criteria that will be used in the study. Currently available analytical
methods are unable to obtain a detection limit equal to or less than the sediment quality criteria.
Given that toxaphene is not part of the routine assessment of sediment quality and is a pesticide
that has all but disappeared from use in Canada in recent decades, it is seldom analyzed. There
is therefore very little justification for developing lower detection limits at this time. However, the
situation could be reassessed as required.
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To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the analytical methods used must meet
the performance criteria defined in the following table:

Characteristics Acceptability criteria

Reference materials The value obtained must be within +2 standard deviation from the
mean of all results obtained for the control samples or be within the
interval, mean value +40%.

Blanks If the blank contains a positive concentration up to 3 times the
detection limit, the blank value will be subtracted from the sample
result.

Recovery standard (extraction) The percent recovery is approximately 60%, since part is lost in
fraction 1; 60 £40% is therefore accepted.

6.10.5. Recommended analytical methods

e Centre dexpertise en analyse environnementale du Québec. Détermination du
toxaphéne dans les sols par chromatographie en phase gazeuse.
MA. 405 — Toxaphéne 1.0, Ministére du Développement durable, de I'Environnement et
de la Lutte contre les changements climatiques du Québec, current edition.
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6.11. POLYCYCLIC AROMATIC HYDROCARBONS (PAH)

6.11.1. Principle and theory

Polycyclic aromatic hydrocarbons (PAHS) are organic compounds composed of two or more
benzene rings, with at least two adjacent benzene rings sharing at least two carbon atoms (fused
rings). Heterocyclic and alicyclic hydrocarbons can also be present. PAHs are generally divided
into two groups: low molecular weight PAHs (2 and 3 benzene rings) and high molecular weight
PAHs (more than three benzene rings). They are usually coloured crystalline solids with high
melting and boiling points. However, some compounds in the family of PAHs can volatilize or
sublimate at room temperature.

The main sources of PAH releases to the environment are aluminum smelters, the use of wood
as fuel, forest fires, waste incineration, internal combustion engines, the petrochemical industry
and heating plants.

PAHs can be extracted from the sediment sample with solvents, including dichloromethane or
toluene, using various extraction methods, including Soxhlet extraction. The extract is
concentrated to a small volume under a nitrogen stream and purified on a silica gel-alumina
column. The final volume of purified extract is concentrated to meet the target detection limits.
The extracts are analyzed by gas chromatography/mass spectrometry in selected ion monitoring
mode (GC-MS-SIM). The concentration of each PAH is calculated by comparing the area of the
chromatographic peak obtained for the sample with that obtained from standard solutions.
Instrument variations are compensated for by the addition of injection internal standards
(volumetric standards) and the individual results of the PAHs are generally corrected on the basis
of the recovery (extraction) standard.

The results are expressed as milligrams per kilogram of dry sediments.

6.11.2. Sediment quality assessment criteria

Quebec has adopted sediment quality criteria for PAHs (EC and MDDEP, 2007). In the case of
land-based management of dredged sediments, measured concentrations are compared against
the soil quality criteria.

6.11.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.11.4. Performance criteria and acceptability of results
The detection limits of the methods used for analysis of PAHs must be equivalent to or lower than

the sediment quality criteria that will be used in the study. The following table presents the list of
PAHSs analyzed and their corresponding method detection limit.
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Compound Detection limit
mg/kg
Acenaphthene” 0.003
Acenaphthylene” 0.003
Anthracene’ 0.01
Benzo(a)anthracene” 0.01
Benzo(b)fluoranthene™ 0.01
Benzo(j)fluoranthene™ 0.01
Benzo(k)fluoranthene 0.01
Benzo(c)phenanthrene 0.01
Benzo(g,h,i)perylene 0.01
Benzo(a)pyrene” 0.01
Chrysene” 0.02
Dibenzo(a,h)anthracene” 0.003
Dibenzo(a,h)pyrene 0.01
Dibenzo(a,i)pyrene 0.01
Dibenzo(a,l)pyrene 0.01
7,12-Dimethylbenzo(a)anthracene 0.01
1.3-Dimethylnaphthalene 0.01
Fluoranthene” 0.04
Fluorene” 0.01
Indeno(1,2,3-cd)pyrene 0.01
3-Methylcholanthrene 0.02
1-Methylnaphthalene 0.01
2-Methylnaphthalene” 0.01
Naphthalene” 0.01
Phenanthrene” 0.02
Pyrene” 0.02
2.3.5-Trimethylnaphthalene 0.01

PAHSs covered by the Quebec sediment quality assessment criteria

(EC and MDDEP, 2007).

“These two compounds can be co-eluted and therefore reported

together.

Dibenzo(a,h)anthracene can be eluted with dibenzo(a,c)anthracene,

in which case it must be indicated in the certificate of analysis.

To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must meet
the performance criteria defined in the following table:

Characteristics

Acceptability criteria

Reference materials

The value must be within +2 standard deviation from the mean of all results
obtained for these control samples. If the value obtained is within 2 and 3
standard deviations, a warning is given. If the value exceeds 3 standard
deviations, the result is out of control limits.

Blanks

If the blank contains a measurable concentration greater than 3 times the MDL,
the blank value is subtracted from the sample result, unless it is a question of
isolated contamination that can be shown to be related to the blank only.

Recovery standard (extraction)

The percent recovery must be between 40 and 130%. However, depending on
the compiled results for a particular project (and a matrix), this range may be
reduced to better reflect the extraction conditions of a given matrix.

Duplicates

The difference between duplicates must be 30% or less.

6.11.5. Recommended analytical methods

e Centre d’expertise en analyse environnementale du Québec. Détermination des
hydrocarbures aromatiques polycycliques : dosage par chromatographie en phase
gazeuse couplée a un spectrométre de masse. MA. 400 — HAP 1.1, Ministére du
Développement durable, de I'Environnement et de la Lutte contre les changements
climatiques du Québec, current edition.
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e Environment Canada. Hydrocarbures aromatiques polycycliques dans l'eau et les
solides par HRGC-HRMS, Q0511D. Quebec Laboratory for Environmental Testing
(current version available on request to: ec.enviroinfo.ec@canada.ca).

e Environment Canada. Hydrocarbures aromatiques polycycliques alkylés dans les
solides par GC-MS, Q0509S. Quebec Laboratory for Environmental Testing (current
version available on request to: ec.enviroinfo.ec@canada.ca).
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6.12. POLYBROMINATED DIPHENYL ETHERS (PBDE)

Polybrominated diphenyl ethers (PBDE) are flame retardants widely used in thermoplastics,
polyurethane foams and textiles. PBDEs are manufactured as three commercial mixtures based
on the relative degree of bromine substitution: pentaBDE, octaBDE and decaBDE. PentaBDE
and octaBDE have been designated persistent, bioaccumulative toxic chemicals by both the
Canadian and US governments. Several years ago, the bulk of world production of these
chemicals was driven by North American demand. However, because of their risks, they were
voluntarily abandoned by the industry before being legally banned.

Since 2001, a number of voluntary PBDE use reduction initiatives have been undertaken,
primarily in Europe but also in North America. These initiatives aim to eliminate pentaBDE and
octaBDE. In July 2008, the Government of Canada published the Polybrominated Diphenyl Ethers
Regulations (SOR/SOR/2008-218) to protect the environment from the risks associated with
PBDEs by preventing their manufacture and restricting their use in Canada, thereby minimizing
their release into the environment. Specifically, the Regulations prohibit the manufacture of
PBDEs in Canada (tetraBDE, pentaBDE, hexaBDE, heptaBDE, octaBDE, nonaBDE and
decaBDE congeners) and prohibit the use, sale, offer for sale and import of those PBDESs that
meet the criteria for virtual elimination under the Canadian Environmental Protection Act, 1999
(tetraBDE, pentaBDE and hexaBDE congeners), as well as mixtures, polymers and resins
containing these substances.

Since the publication of the Ecological Screening Assessment Report (EC, 2006), a large amount
of new information has been published respecting the accumulation of decaBDE in biota and its
potential transformation to persistent bioaccumulative products. This information has been
summarized and evaluated in the final Ecological State of Science Report on decaBDE (EC,
2010). The outcome of this review and comments received from the public provided justification
for the development of additional regulatory controls for this form of PBDE. The risk management
measure that was proposed was to broaden the controls to prohibit the manufacture, use, sale,
offer for sale and import of all PBDES, including heptaBDE, octaBDE, nonaBDE and decaBDE
and any resin or polymer containing these substances. As a result, the commercial mixture
decaBDE would be prohibited.

The proposed Regulations Amending the Prohibition of Certain Toxic Substances Regulations,
2012, include controls on PBDEs and was published in the Canada Gazette, Part |, on April 4,
2015. The proposed amendments would expand the scope of the existing prohibition to all PBDEs
(including decaBDE). The Polybrominated Diphenyl Ethers Regulations (SOR/SOR/2008-218)
will be repealed once the proposed amendments come into force.

During that time, according to Environment and Climate Change Canada, as of December 31,
2013, the three main manufacturers of decaBDE commercial mixtures voluntarily ceased exports
to Canada. Environment Canada received confirmation that this objective was reached and, at
this time, there are no known Canadian users or importers of the decaBDE mixture.

6.12.1. Principle and theory

After drying, each sediment sample is fortified with a PBDE solution labeled with carbon 13 (*3C;
recovery standard = analogue standard; cf. DR-12-VMC, CEAEQ, current edition). PBDEs are
then extracted in a Soxhlet apparatus using toluene. The extract is concentrated and the solvent
is replaced by hexane. The extract is then purified on a multilayer column containing copper,
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followed by purification using a florisil column. These columns remove most of the co-extracted
organic compounds with PBDE by selective adsorption and reaction. The extract is then
concentrated and a known volume of a standard solution for injection (volumetric standard)
labeled with carbon 13, is added. An aliquot is subsequently injected into a gas chromatograph
coupled to a high resolution mass spectrometer operating in selective ion acquisition mode.

The identification of PBDEs and their concentration are determined by comparing the measured
signal for a known standard solution with the signal obtained for the sample, using the criteria of
holding time, isotope ratio and intensity of the corresponding signals. The measured
concentrations are corrected for recovery of standards added at the beginning of the

manipulations. Detection limits are dynamically calculated for each sample and for each
congener.

The results are expressed in ng/g or pg/kg dry sediments.

6.12.2. Sediment quality assessment criteria

Quebec has no quality criteria for the concentration of PBDEs in sediments. However, PBDE
concentration may become an analytical parameter used for evaluating sediment quality. PBDEs
are also the subject of recommendations by the federal government (EC, 2013).

6.12.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.12.4. Performance criteria and acceptability of results

The following table lists the PBDEs analyzed and their corresponding method detection limit.

Homologue group Name of Substitution position Detection limit
compound pg/kg
(IUPAC no)
Tribromodiphenyl-ether 17 2,2’ 4-TriBDE 0.01 to 0.05 pg/kg
28 2,4,4’-TriBDE depending on
Tetrabromodiphenyl-ether 49 2,2’ 4.5 -TetraBDE congener and sample
71 2,3,4’,6-TetraBDE
47 2,2’ 4.4’ -TetraBDE
66 2,34, 4'-TetraBDE
77 3,3,4,4-TetraBDE
Pentabromodiphenyl-ether 100 2,2',4.4 6-PentaBDE
119 2,3,4,4 6-PentaBDE
99 2,2’ 4.4’ 5-PentaBDE
85 2,2',3,4,4-PentaBDE
126 3,3,4,4’,5-PentaBDE
Hexabromodiphenyl ether 154 2,2',4,4’ 5,6’ -HexaBDE
153 2,2',4,4'5,6’-HexaBDE
138 2,2',3,4,4,5'-HexaBDE
156 2,3,3,4,4’ 5-HexaBDE
Heptabromodiphenyl ether 184 2,2',3,4,4',6,6'-HeptaBDE
183 2,2',3,4,4,5,6-HeptaBDE
191 2,3,3',4,4,5 ,6-HeptaBDE
Octabromodiphenyl ether 197 2,2',3,3',4,4,6,6'-OctaBDE
196 2,2',3,3',4,4'5,6'-OctaBDE
Nonabromodiphenyl ether 207 2,2°.,3,3,4,4’,5,6,6'-NonaBDE
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Homologue group Name of Substitution position Detection limit
compound pag/kg
(IUPAC no)
206 2,2’ 3,3,4,4,5,5,6-NonaBDE
Decabromodiphenyl ether 209 2,2',3,3,4,45,5,6,6'-DecaBDE

To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must meet
the performance criteria defined in the following table:

Characteristics

Acceptability criteria

Reference materials

standard deviations, the result is out of control limits.

The value must be within +2 standard deviation from the mean of all
results obtained for these control samples. If the value obtained is within
2 and 3 standard deviations, a warning is given. If the value exceeds 3

Blanks

If the blank contains a measurable concentration greater than 3 times the
MDL, the blank value is subtracted from the sample result.

Recovery standard (extraction)

The percent recovery must be between 40 and 130%.

Duplicates

The difference between duplicates must be 30% or less.

6.12.5. Recommended analytical methods

e Environment Canada. Polybromodiphényléthers dans I'eau et les solides par HRGC-
HRMS, QO0512D. Quebec Laboratory for Environmental Testing (current version
available on request to: ec.enviroinfo.ec@canada.ca).

e Method under development by the Division des contaminants industriels organiques

du Centre d’expertise en analyse environnementale du Québec.
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6.13. PETROLEUM HYDROCARBONS Ci0-Cso

6.13.1. Principle and theory

Hydrocarbons are organic compounds composed of carbon and hydrogen and are obtained by
the distillation of petroleum. They can be linear (paraffins), branched (isoparaffins), cyclic
(naphthenes), aromatic or olefinic (containing one or more double bonds).

Petroleum products are complex mixtures that can contain hundreds of different hydrocarbons,
all in varying concentrations and some of which are not identified. For example, the composition
of gasoline varies depending on the origin of the crude olil, the production process and the grade.
It can contain several hundred different products ranging from propane to aromatic compounds
with 10 carbon atoms, as well as various additives. Although petroleum products contain traces
of polar compounds, such as mercaptans, alcohols, phenols, indoles and pyrroles, they are
composed primarily of nonpolar hydrocarbons.

Petroleum products are commonly used as fuel, lubricants and thinners. When released to the
environment, the constituents of the petroleum product are altered by the mechanisms of
biodegradation, evaporation, leaching, etc. and, on analysis, have completely different
chromatographic patterns from those of new mixtures. The compounds observed after
degradation correspond to the most persistent fractions of the original mixture.

To determine the petroleum hydrocarbon concentration in sediments, the sample is dried and
extracted with hexane. Silica gel is then added to the extract to adsorb polar substances, and the
supernatant is analyzed by gas chromatography/flame ionization detection (GC-FID). The
concentration of hydrocarbons present in the sample is determined by comparing the total area
of all resolved and unresolved peaks between n-Cio and n-Csg, with the area of the calibration
curve established under the same conditions.

The results are expressed as mg per kg of dry sediments.

For better representation of the diversity of types of heavy or refined hydrocarbons that can
contaminate soils or sediments, CCME (CCME 2008) defined hydrocarbon fractions covering the
Cio to Cso range. Defined by the length of the carbon chains of the hydrocarbon molecules, these
fractions are expressed as F2 (> C10-Ci6), F3 (> C16-C34) and F4 (> Css). This fractionation was
based on the American standard: US Total Petroleum Hydrocarbons Criteria Working Group. The
fractions can further be subdivided into subfractions, as required. This type of analysis offers
better characterization of the sample contaminated with hydrocarbons and may be recommended
for specific monitoring. The same type of treatment as for C10-Cso analysis is performed and
detection is also performed by GC-FID.

6.13.2. Sediment quality assessment criteria

Quebec currently has no sediment quality criteria for petroleum hydrocarbons Cio-Cso. However,
given that these compounds are repeatedly observed in sediments, particularly in port
environments, this parameter could serve as a tool for the identification and prioritization of
contaminated sites, and could eventually be included in the analytical parameters selected for the
routine assessment of sediment quality. In the case of land-based management of dredged
sediments, measured concentrations are compared against the soil quality criteria.
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However, there are threshold values that have been developed to address various management
needs for sediment contamination by petroleum hydrocarbons and which can serve as guidelines.
These are the reference values proposed in the context of the sediment quality assessment of
lake Mégantic and the Chaudiere River following the Lac-Mégantic railway accident in 2013
(MDDELCC 2013), generated from the studies of Di Toro and collaborator (Di Toro et al., 2000,
Di Toro and McGrath 2000), as well as values proposed by the Atlantic Risk-Based Corrective
Action (Atlantic PIRI 2012, Atlantic RBCA, 2015).

6.13.3.

Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.13.4.

Performance criteria and acceptability of results

The following table presents the method detection limit for C10-Cso petroleum hydrocarbons.

Compound Detection limit
mg/kg
C10-Cso 100

To ensure acceptability of the results the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must meet
the established acceptability criteria presented in the table below.

6.13.5.

Characteristics Acceptability criteria

Reference materials The value must be within £2 standard deviation from the mean of all
results obtained for these control samples. If the value obtained is
within 2 and 3 standard deviations, a warning is given. If the value
exceeds 3 standard deviations, the result is outside the criteria.

Blanks If the blank contains a measurable concentration greater than three
times the MDL, the blank value is subtracted from the sample result,
unless it is a question of isolated contamination that can be shown to
be related to the blank only.

Duplicates The difference between duplicates must be 30% or less.

Recommended analytical methods

Centre d’expertise en analyse environnementale du Québec. Détermination des
hydrocarbures pétroliers (Ci0 a Cso) : dosage par chromatographie en phase gazeuse
couplée a un détecteur a ionisation de flamme, MA. 400 — HYD. 1.1, Ministére du
Développement durable, de I'Environnement et de la Lutte contre les changements
climatiques du Québec, current edition.

Centre d’expertise en analyse environnementale du Québec. Détermination des
hydrocarbures pétroliers : analyse par fractions. Ministére du Développement durable,
de I'Environnement et de la Lutte contre les changements climatiques du Québec,
méthode en rédaction.

[CCME] Canadian Council of Ministers of the Environment. 2001. Reference method for
the Canada-wide standard for petroleum hydrocarbons in soil — tier 1 method. ISBN 1-
896997-01-5.
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e Environment Canada. Petroleum Hydrocarbons (Cioto Cao) in Soil/Sediment Samples
by GCFID, E0760D. Prairie and Northern Laboratory for Environmental Testing (current
version available on request to: ec.enviroinfo.ec@canada.ca).
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6.14. CHLORINATED DIOXINS AND FURANS

6.14.1. Principle and theory

Polychlorodibenzo-p-dioxins and polychlorodibenzo-furans (PCDD and PCDF) are two groups of
planar chlorinated aromatic compounds with similar physicochemical properties. As a result, they
act on biological systems in a very similar manner. There are 75 PCDD congeners and 135 PCDF
congeners. Congeners that have chlorines in the 2, 3, 7 and 8 positions are the most toxic and
2,3,7,8-T4CDD is known to be the most toxic. The compounds are produced unintentionally as
by-products in the industrial synthesis of organic compounds in the presence of chlorine, or simply
in the combustion of chlorinated organic compounds.

The main known sources of dioxin and furan emissions include pulp and paper mills using chlorine
bleaching, municipal and biomedical incinerators, smelters, plants engaged in the synthesis of
chlorinated compounds (e.g. pesticides, BPC) and pentachlorophenol wood treatment plants.
Dioxins and furans can also be found at trace levels in virtually all parts of the environment,
including air, water, sediments, soil and vegetation, as well as in animals and humans.

The recommended analytical method measures the concentration of chlorinated dioxin and furan
congeners having 4 to 8 chlorine atoms, more specifically at the 2, 3, 7 and 8 positions. To
determine dioxin and furan concentrations in toxic equivalency units, toxic equivalency factors
have been determined for 17 congeners, by comparing their toxicity against that of 2,3,7,8-
T.CDD. Each sediment sample is dried and then spiked with a solution of carbon-13-labelled
PCDD and PCDF (*3C; recovery standard = analogue standard; cf. DR-12-VMC (CEAEQ, current
edition). Dioxins and furans are then Soxhlet-extracted with toluene. The extract is concentrated
and solubilized in hexane, then purified on a multilayer column containing copper and an alumina
column. These columns remove, by means of reaction and selective adsorption, most of the
organic compounds co-extracted with the dioxins and furans. The extract is then dry concentrated
and dissolved with an injection internal standard (volumetric standard), also containing carbon-
13C-labelled compounds, then analyzed by gas chromatography/high-resolution mass
spectrometry.

The identification of dioxins and furans and their concentrations are determined by comparing the
signal measured for a known standard solution with the signal obtained for the sample, on the
basis of holding time, ion ratio and intensity of corresponding signals. The measured
concentrations are corrected for the recovery of the analogue standards added at the start of the
manipulations. The detection limits are calculated dynamically for each sample and each
congener.

The results are expressed as mg/kg of dry sediment or as ng TEQ/kg for purposes of comparison
against the sediment quality criteria.

6.14.2. Sediment quality assessment criteria

Quebec has adopted sediment quality criteria for chlorinated dioxins and furans (EC and MDDEP,
2007). They are expressed in toxic equivalent concentrations, calculated using toxic equivalency
factors developed by the World Health Organization (WHO; van den Berg et al., 1998) for fish
(EC and MDDEP, 2007). When measured concentrations are expressed as toxic equivalency
factors that are different from those of WHO (van den Berg et al., 1998), the total concentrations
of dioxins and furans must be recalculated using the toxic equivalency factors proposed in the
document Criteria for the Assessment of Sediment Quality in Quebec and Application
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Frameworks: Prevention, Dredging and Remediation (EC and MDDEP, 2007). In the case of land-
based management of dredged sediments, measured concentrations are compared against the
soil quality criteria.

6.14.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.

6.14.4. Performance criteria and acceptability of results

The analytical methods used for chlorinated dioxins and furans must meet the performance
criteria defined in the following table:

Characteristics Performance criteria
Detection limit Between 0.0005 and 0.004 mg/kg, depending on the
congener and the sample
Percent recovery of labelled 40 to 130%
analogues in each sample

To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must be
within the acceptable range predefined by the laboratory.

6.14.5. Recommended analytical methods

e Centre d’expertise en analyse environnementale du Québec. Détermination des dibenzo-
para-dioxines polychlorés et dibenzofuranes polychlorés : dosage par chromatographie en
phase gazeuse couplé a un spectrométre de masse. MA. 400 — D.F. 1.0, Ministere du
Développement durable, de I'Environnement et de la Lutte contre les changements
climatiques du Québec, current edition.

e Environment Canada. Dioxines et furanes dans l'eau et les solides par HRGC-HRMS,
Q0508D. Quebec Laboratory for Environmental Testing (current version available on request
to: ec.enviroinfo.ec@canada.ca.).
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6.15. PHENOLIC COMPOUNDS, NONYLPHENOL AND NONYLPHENOL
POLYETHOXYLATES

6.15.1. Principle and theory

The term “phenol” covers a group of variously substituted hydroxybenzenes and their higher
homologs (e.g. cresols, nitrophenols, dimethylphenols, chlorophenols). The main sources of
release of phenolic compounds in the environment are linked to the petroleum industry, the
chemical industry (industrial, institutional and domestic cleaning products, adhesives and paints)
and the pharmaceutical industry. Chlorophenols are used in the production of a number of
pesticides. They can also be formed in the pulp and paper bleaching process or in chlorine-based
water treatment processes.

Phenols are probably the organic compound most often associated with problems of taste and
odour. They can be detected by both senses at concentrations as low as 0.001 mg/L. At higher
concentrations, phenols denature proteins and destroy cell walls.

Phenols compounds are first extracted from the sediment sample with dichloromethane, then
acetylated using acetic anhydride in aqueous solution. The extract is concentrated and then
injected into a gas chromatography mass spectrometer and analyzed in selected ion monitoring
mode (GC-MS-SIM). The phenol concentration present in the extract is calculated by comparing
the area of the peaks obtained for the sample with that obtained from the standard solutions.

Nonylphenols are synthetic compounds used in the manufacture of polyethoxylated nonylphenols
(NPEOSs), which are used as surfactants in many industrial and household products. They are
also used in the manufacture of phenolic resins. Octylphenol has similar uses and properties to
nonylphenol. These products are classified as estrogen mimickers and could be endocrine
disrupters in several species. The Canadian Council of Ministers of the Environment issued a
guideline for the protection of aquatic life limiting the concentration of all these products in water
to 1.0 ug/L. The Government of Canada placed nonylphenols and their ethoxylated derivatives
on the List of Toxic Substances in 2001, and the risk reduction target was to reduce the use of
NPEO by 95% for 2010.

The results are expressed as mg per kg of dry sediments.

6.15.2. Sediment quality assessment criteria

Quebec currently has no sediment quality criteria for phenolic compounds, nonylphenols or
nonylphenol polyethoxylate. However, this parameter may become an analytical parameter used
in the assessment of sediment quality. In the case of land-based management of dredged
sediments, measured concentrations are compared against the soil quality criteria.

6.15.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.
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6.15.4. Performance criteria and acceptability of results

The analytical methods used for the determination of phenolic compounds must meet the method
detection limits defined in the table below.

Compound Detection limit Compound Detection limit
Hg/kg Hg/kg

Phenol 60 2-Nitrophenol 60
o-Cresol 30 3,4-Dichlorophenol 5
m-Cresol 40 2,4,6-Trichlorophenol 10
p-Cresol 30 4-Nitrophenol 40
2-Chlorophenol 30 2,3,6-Trichlorophenol 20
3-Chlorophenol 20 2,3,5-Trichlorophenol 40
4-Chlorophenol 20 2,4,5-Trichlorophenol 30
2,4-Dimethylphenol 30 2,3,4-Trichlorophenol 20
2,6-Dichlorophenol 10 3,4,5-Trichlorophenol 40
4-Chloro 3-methylphenol 20 2,3,5,6-Tetrachlorophenol 20
2,4-Dichlorophenol + 2,5- 50 2,3,4,6-Tetrachlorophenol 20
Dichlorophenol

3,5-Dichlorophenol 20 2,3,4,5-Tetrachlorophenol 10
2,3-Dichlorophenol 20 Pentachlorophenol 20
Nonylphenols (isomers) 6 polyethoxylated nonylphenols Unavailable

(NPEO) n=1to 17

To ensure acceptability of the results, the minimum QC material insertion frequency set out in
Tables 1 and 2 of Appendix 2 must be met. In addition, the results of the QC materials must meet
the established acceptability criteria presented below.

Characteristics Acceptability criteria

Reference material The value must be within £2 standard deviation from the mean of all
results obtained for these control samples. If the value obtained is
within 2 and 3 standard deviations, a warning is given. If the value
exceeds 3 standard deviations, the result is outside the criteria.
Blanks If the blank contains a measurable concentration greater than 3 times
the MDL, the blank value is subtracted from the sample result, unless
itis a question of isolated contamination that can be shown to be related
to the blank only.

Recovery standard (extraction) The percent recovery must be between 20 and 110%. However,
depending on the compiled results for a particular project (and a
matrix), this range may be reduced to better reflect the extraction
conditions of a given matrix.

Duplicates The difference between duplicates must be 30% or less.
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6.15.5. Recommended analytical methods

Centre d’expertise en analyse environnementale du Québec. Détermination des
composés phénoliques : dosage par chromatographie en phase gazeuse couplée a un
spectrométre de masse aprés dérivation avec l'anhydride acétique. MA. 400 — Phé 1.0,
Ministére du Développement durable, de I'Environnement et de la Lutte contre les
changements climatiques du Québec, current edition.

Hong, S.H., Munschy, C., Kannan, N., Tixier, C., Tronczynski, J., Héas-Moisan, K., Shim,
W. J. 2009. PCDD/F, PBDE, and nonylphenol contamination in a semi-enclosed bay
(Masan Bay, South Korea) and a Mediterranean lagoon (Thau, France). Chemosphere
77(6): 854-862.

Shao, B., Hu, J. Y., Yang, M. 2002. Determination of nonylphenol ethoxylates in the
aquatic environment by normal phase liquid chromatography—electrospray mass
spectrometry; Journal of Chromatography A, 950 (1-2): 167-174.
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6.16. BUTYLTINS

Butyltins (BT) are organometallic compounds used since 1960 as biocides in antifouling paints
for ship hulls, as fungicides and insecticides, as wood preservatives and stabilizers in polyvinyl
chloride. Butyltins can be measured in sediments in the form of tributyltin (TBT) and its
degradation products, dibutyltin (DBT) and monobutyltin (MBT). These substances are persistent
in the environment and accumulate in aquatic organisms. TBT is highly toxic, the use of TBT-
based paints for small boats (less than 25 m) has been regulated in Canada since 1989, but was
still allowed for the largest boats until 2002. In addition, the Prohibition of Certain Toxic
Substances Regulations, 2012 prohibits the manufacture, use, sale, offer for sale or import of TBT
in Canada.

All sectors of the St. Lawrence River were sampled and analyzed for butyltins under the
St. Lawrence Action Plan. The sediments sampled in port facilities (Port of Montreal) and
navigation infrastructure (channel and locks) and in recreational areas such as marinas, show
higher butyltin contamination than that found in the river. (Pelletier et al., 2014).

6.16.1. Principle and theory

Several methods are used to form and extract volatile derivatives of butyltin. Separation of these
derivatives is generally carried out using gas chromatography. Detection limits desired for these
substances are usually 0.5 to 1 ng Sn/g dry sediment (International Program on Chemical Safety,
1990).

Results are expressed in ng Sn/g dry sediment.
6.16.2. Sediment quality assessment criteria

Quebec currently has no sediment quality criteria for butyltins. However, "guidance" values based
on the existing criteria in other jurisdictions have been developed, including TBT quality criteria
developed in Norway for salt water sediments (Bakke et al., 2010) and the interim criterion for
port areas in the Great Lakes (Bartlett et al., 2005). These guidance values were used to
determine contamination levels, which are explained in the St. Lawrence Action Plan fact sheet
on butyltins (Pelletier et al., 2014). In summary, the “no or little contamination” category includes
values of 0 to <5 ng Sn/g, the “contaminated” category includes values of 5 to <100 ng Sn/g and
the “very contaminated” category includes values of >100 ng Sn/g.

6.16.3. Sample volume, storage and pretreatment

To ensure acceptability of the results, the sample volume, storage and pretreatment must be
consistent with chapters 2 to 5.
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6.16.4. Performance criteria and acceptability of results

Analytical methods used for butyltins must meet the methodological detection limits in the

following table:

Compound Detection limit
(ng Sn/g)

Tributyltin 1

Dibutyltin 1

Monobutyltin 1

Total butyltins 1

To ensure acceptability of the results, the minimum QC material insertion frequency set out in

Table 1 of Appendix 2 must be met. In addition, the results of the QC materials must meet the

established acceptability criteria presented in the table below.

Characteristics

Acceptability criteria

Reference materials

The value must be within the range of +2 standard deviation from
the mean of all results obtained for these control samples or be
within the range, average value +30%

Blanks

If the blank contains a measurable concentration smaller or equal
than 10 times the detection limit, the blank value will be subtracted
from the samples concentrations.

Recovery standard (extraction)

The percent recovery must be between 50 and 130%. However,
depending on the compiled results for a particular project (and a
matrix), this range may be reduced to better reflect the extraction
conditions of a given matrix.

Duplicates

The difference between duplicates must be 30% or less.

6.16.5. Recommended analytical methods

o Method currently under development by the organic chemistry division of the Centre

d’expertise en analyse environnementale du Québec.
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7.1. PRINCIPLE AND THEORY

To complete the assessment of sediment quality, the biological effects, i.e., the bioavailability of
the contaminants and their toxicity to aquatic organisms, must be assessed. The bioavailability of
contaminants present in sediments can vary depending on a number of abiotic factors (e.g.: pH,
TOC, iron oxides, manganese oxides, and acid-volatile sulphides). The behaviour of aquatic
organisms (e.g., ecological niche, feeding method) has a significant effect on their level of
exposure to and absorption of potentially toxic contaminants. Thus, aside from the determination
of contaminant concentrations present in the sediment solid phase and interstitial water, a number
of characterization tools and approaches have been developed to assess the biological effects of
contaminated sediments, measurement of the contaminant concentrations in biological tissue,
toxicity tests on interstitial water and whole sediments, in-situ assessments of benthic community
structure, and the integration of all data using hazard and risk assessment type approaches.

In this guide, the discussion is limited to laboratory toxicity tests on whole sediments.

7.2. SAMPLE VOLUME, STORAGE AND PRETREATMENT

After the sediment samples are collected and sent to the laboratory, a sample of the whole
sediments is homogenized by manual stirring using a spatula. It is then stored at the laboratory
in containers or bags made of chemically inert materials: polytetrafluoroethylene (Teflon®), glass
or high-density polyethylene. The sample is stored away from light, at 4 +2 °C. The holding time
is ideally less than 2 weeks and no more than 6 weeks (EC, 1994).

Upon receipt of sediment samples at the laboratory or prior to analysis, large debris (gravel, plant
debris, etc.) are removed with tweezers. Living organisms (e.g.: tubificids) are then removed
manually using tweezers or by sieving (EC, 1994; AFNOR, 2003 and 2004). Fresh sediment
samples should be press-sieved, without the addition of water, through stainless steel, brass or
plastic woven polymer sieves (EC, 1994). The sediments must be sieved to 2 mm to perform the
toxicity tests mentioned in this section (AFNOR, 2003 and 2004), which also corresponds to the
particle size fraction used for the chemical parameters.

Before it is divided into the test vessels, the sediments are manually homogenized using a spatula.

For more information, samplers and analysts can refer to the documents of ASTM (19994, b, ¢),
Environment Canada (1994) and USEPA (1999 and 1995).
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7.3. PERFORMANCE CRITERIA AND ACCEPTABILITY OF RESULTS

The general quality requirements in environmental toxicology dealing with the laboratory rooms
and environment, water and reagents, equipment, analytical methods, traceability of information
and quality control materials are set out in the document Lignes directrices concernant les travaux
analytiques en toxicology (DR-12-SCA-03, CEAEQ, current edition-c).

Specific guidelines for determining test precision are presented in the Environment Canada
publication Guidance document on measurement of toxicity test precision using control sediments
spiked with a reference toxicant (1995).

In each toxicity test method (AFNOR, 2003 and 2004; EC, 1997a and b, 1998), criteria for
assessing the validity of the test are defined. They cover the maximum concentrations of nitrites
and ammonia in the water in the test vessels, the minimum survival of the control organisms and
the minimum growth of the control organisms (size or weight).

7.4. RECOMMENDED ANALYTICAL METHODS

A number of whole sediment toxicity tests are currently available for assessing the toxicity of these
matrices on benthic organisms. They are largely used in research contexts on sediment, and a
number of the tests are performed according to standardized protocols developed by AFNOR,
Environment Canada, etc. For freshwater sediments, the main species used are the amphipod
Hyalella azteca, larvae of the insects Chironomus dilutus (formerly tentans) and Chironomus
riparius of the family Chironomidae and the oligochaete Lumbriculus variegatus.

In ecotoxiclogical risk assessments for open-water release of sediments and freshwater
contaminated site remediation projects, toxicity tests on the amphipod H. azteca (survival, growth)
and the larvae of the insect C. riparius (survival, growth) must be carried out in compliance with
Environment Canada’s methods, with the following changes:

o the exposure duration of C. riparius must be 7 days rather than 10 days so that the growth
measurements at the end of the test are of larvae, not nymphs; if C. dilutus is used, the
exposure duration is 10 days;

e static tests are conducted;

e the water/sediment ratio in the test chambers is 4/1 volume/volume to limit problems of
ammonia associated with the absence of renewal;

o the temperature is 23 +1 °C, the photoperiod is 16 hours day and 8 hours night, and the
light intensity is 1000 lux £20%.

e The age of amphipods Hyalella azteca at the beginning of the test is between 7 and 14
days;

e The age of the midge larvae of Chironomus riparius at the beginning of the test is 24
hours after hatching.
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Parameters

Survival/growth amphipod

Survival/growth of midge

Test type Static Static

Organism H. azteca C.riparius

Sample treatment None None

Test vessel 500 mL 500 mL
Water/sediments ratio 4/1 4/1

Number of organisms/pot 10 10

Age of organisms 7-14 days 24 hours after hatching
Temperature 23+1°C 23+1°C

Photoperiod 16 hours of light 16 hours of light

8 hours of darkness

8 hours of darkness

Light intensity

1000 lux +20%

1000 lux £20%

The most commonly measured endpoints are survival and growth and, in some cases,
reproduction or emergence. Growth is determined by measuring the size of the organisms. The
reference documents are as follows:

AFNOR. 2004. Qualité de I'eau — Détermination de la toxicité des sédiments d’eau douce
817 vis-a-vis de Chironomus riparius. XP T 90-339-1. Technical Report. Paris, France.

AFNOR. 2003. Qualité de I'eau — Détermination de la toxicité des sédiments 814 d’eau
douce 815 vis-a-vis de Hyalella azteca. XP T 90-338-1. Paris, France.

Environment Canada. 1997a. 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. Environmental Protection Series. Ottawa.

Environment Canada. 1997b. Biological Test Method: Test for Survival and Growth in
Sediment Using the Freshwater Amphipod Hyalella azteca. EPS 1/RM/33. Environmental
Protection Series. Ottawa.

USEPA. 2000. Methods for measuring the toxicity and bioaccumulation of sediment-
associated contaminants with freshwater invertebrates — second edition. EPA-823-F-00-
002. Office of Water.

USEPA. 1994. Methods for measuring the toxicity and bioaccumulation of sediment-
associated contaminants with estuarine and marine amphipods. EPA-600/R-94/025,
Narragansett, RI.

USEPA. 1993. Standard operating procedures for culturing Hyalella azteca (ERL-D-SOP-
CTI-016), Chironomus tentans (ERL-D-SOP-CTI-015) and Lumbriculus variegatus (ERL-
D-SOP-CTI-017). USEPA, Environmental Research Laboratory, Duluth, MN.

ASTM. 1999b. Standard test methods for measuring the toxicity of sediment-associated
contaminants with freshwater invertebrates. E1706-95b. In Annual Book of ASTM
Standards. Vol. 11.05, Philadelphia. PA.

ASTM. 1999c. Standard guide for designing biological tests with sediments. E1525-94a.
In Annual Book of ASTM Standards. Vol. 11.05, Philadelphia. PA.

For saltwater sediments, it is recommended to refer to the procedures and toxicity tests proposed
under Environment and Climate Change Canada’s Disposal at Sea Program
(http://ec.gc.ca/Publications/default.asp?lang=En&xm|=48C87536-9FE9-49F0-B6A5-

32EFB1364A17):
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http://www.ec.gc.ca/iem-das/Default.asp?lang=En&n=0047B595-1
http://www.ec.gc.ca/iem-das/Default.asp?lang=En&n=0047B595-1

e Environment Canada, 2001. Biological Test Method: Test for Survival and Growth in
Sediment Using Spionid Polychaete Worms (Polydora cornuta). EPS 1/RM/41.
Environmental Protection Series. Ottawa.

e Environment Canada, 1998. Biological Test Method: Reference Method for Determining
Acute Lethality of Sediment to Marine or Estuarine Amphipods. EPS 1/RM/35.
Environmental Protection Series. Ottawa.
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[AFNOR] Association francaise de normalisation. 2004. Qualité de I'eau — Détermination de la
toxicité des sédiments d’eau douce vis-a-vis de Chironomus riparius. XP T 90-339-1. Technical
Report. Paris, France.

[AFNOR] Association francaise de normalisation. 2003. Qualité de I'eau — Détermination de la
toxicité des sédiments d’eau douce vis-a-vis de Hyalella azteca. XP T 90-338-1. Paris, France.

[ASTM] American Society for Testing and materials. 1999a. Standard guide for collection,
storage, characterization and manipulation of sediments for toxicological testing. E1391-94. In
Annual Book of ASTM Standards, Vol. 11.05, Philadelphia, PA.

[ASTM] American Society for Testing and materials. 1999b. Standard test methods for measuring
the toxicity of sediment-associated contaminants with freshwater invertebrates. E1706-95b. In
Annual Book of ASTM Standards. Vol. 11.05, Philadelphia. PA.

[ASTM] American Society for Testing and materials. 1999c. Standard guide for designing
biological tests with sediments. E1525-94a. In Annual Book of ASTM Standards. Vol. 11.05,
Philadelphia. PA.

Atlantic PIRI.2012. Atlantic RBCA (Risk-Based Corrective Action) Ecological Screening Protocol
for Petroleum Impacted Sites in Atlantic Canada: Scientific Rationale to support the
Adoption/Development of Tier 1 Ecological Screening Levels for Soil, Surface Water,
Groundwater and Sediment Version 3. July 2012.

Atlantic RBCA. 2015. Risk-Based Corrective Action for Petroleum Impacted Sites in Atlantic
Canada Version 3. User Guidance. Revised January 2015.

Bakke, T., T. Kallgvist, A. Ruus, G.D. Breedveld and K. Hylland. 2010. Development of sediment
quality criteria in Norway. J. Soils Sediments 10:172-178.

Bartlett, A.J., U. Borgmann, D.G. Dixon, S.P. Batchelor and R.J. Maguire. 2005. Toxicity and
bioaccumulation of tributyltin in Hyalella azteca from freshwater harbour sediments in the Great
Lakes Basin, Canada. Can. J. Fish. Aquat. Sci. 62:1243-1253.

Canada Gazette, Vol. 149, No. 4. Part . April 4, 2015. Regulations Amending the Prohibition of
Certain Toxic Substances Regulations. 72 pp.

[CEAEQ] Centre d’expertise en analyse environnementale du Québec. Lignes directrices
concernant les travaux analytiques en chimie, DR-12-SCA-01, Ministére du Développement
durable, de I'Environnement et de la Lutte contre les changements climatiques du Québec,
current edition-a.

[CEAEQ] Centre d’expertise en analyse environnementale de Québec. Protocole pour la
validation d’'une méthode d’analyse en chimie, DR-12-VMC, Ministere du Développement
durable, de I'Environnement et de la Lutte contre les changements climatiques du Québec,
current edition-b.

[CEAEQ] Centre d’expertise en analyse environnementale du Québec. Lignes directrices
concernant les travaux analytiques en toxicologie, DR-12-SCA-03, Ministére du Développement
durable, de I'Environnement et de la Lutte contre les changements climatiques du Québec,
current edition-c.
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[CCME] Canadian Council of Ministers of the Environment. 2008. Canada-wide standard for
petroleum hydrocarbones (PHC) in soil : Scientific rationale supporting technical documentation.

[CCME] Canadian Council of Ministers of the Environment. 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 Chapter 6 of the Canadian
Environmental Quality Guidelines).

DiToro, D.M., J.A. McGrath and D.J. Hansen. 2000. Technical basis for narcotic chemicals and
polycyclic aromatic hydrocarbon criteria. I. Water and tissue. Environ. Toxicol. Chem. 19: 1951-
1970.

DiToro, D.M. and J.A. McGrath. 2000. Technical basis for narcotic chemicals and polycyclic
aromatic hydrocarbon criteria. Il. Mixtures and sediments. Environ. Toxicol. Chem. 19: 1971-
1982.

[EC] Environment Canada. 2013. Federal Environmental Quality Guidelines for Polybrominated
Diphenyl Ethers (PBDESs). National Guidelines and Standards Office, Gatineau, QC. 25 pp.

[EC] Environment Canada. 2010. Ecological State of Science Report on Decabromodiphenyl
Ether (decaBDE). Bioaccumulation and transformation. 147 pp.

[EC] Environment Canada. 2006. Canadian Environmental Protection Act, 1999 - Ecological
Screening Assessment Report on Polybrominated Diphenyl Ethers (PBDES) 57 pp.

[EC] Environment Canada. 2002a. Sediment Sampling Guide for Dredging and Marine
Engineering Projects on the St. Lawrence River. Volume 1: Planning Guidelines, Environment
Canada, Environmental Protection Branch, Quebec Region, Technological Innovation and
Industrial Sectors Section.

[EC] Environment Canada. 2002b. Sediment Sampling Guide for Dredging and Marine
Engineering Projects on the St. Lawrence River. Volume 2: Field Operations Manual,
Environment Canada, Environmental Protection Branch, Quebec Region, Technological
Innovation and Industrial Sectors Section.

[EC] Environment Canada. 1998. Biological Test Method: Reference Method for Determining
Acute Lethality of Sediment to Marine or Estuarine Amphipods. EPS 1/RM/35. Environmental
Protection Series. Ottawa.

[EC] Environment Canada. 1997a. 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. Environmental Protection Series. Ottawa.

[EC] Environment Canada. 1997b. Biological Test Method: Test for Survival and Growth in
Sediment Using the Freshwater Amphipod Hyalella azteca. EPS 1/RM/33. Environmental
Protection Series. Ottawa.

[EC] Environment Canada. 1994. Guidance Document on Collection and Preparation of
Sediments for Physicochemical Characterization and Biological Testing. EPS 1/RM/29.
Environmental Protection Series. Ottawa.
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[EC and MDDEP] Environment Canada and Ministére du Développement durable, de
'Environnement et des Parcs du Québec. 2007. Criteria for the Assessment of Sediment Quality
in Quebec: Prevention, Dredging and Remediation. 39 pp. or current version.

International Programme on Chemical Safety. 1990. Environmental Health Criteria 116: Tributyltin
Compounds.

Justice Canada. Polybrominated Diphenyl Ethers Regulations (SOR/2008-218). Current to
April 12, 2016. 3 pp.

[MDDEFP] Ministére du Développement durable, de I'Environnement, de la Faune et des Parcs
du Québec. 2013. Lignes directrices pour I'évaluation de la qualité des sédiments du lac Mégantic
et de la riviere Chaudiére, en lien avec l'accident ferroviaire du 6 juillet 2016. 6 pages + annexe

[MDDEFP and EC] Ministére du Développement durable, de 'Environnement, de la Faune et des
Parcs du Québec and Environment Canada. 2013. Ecotoxicological Risk Assessment of Open-
Water Sediment Disposal to Support the Management of Freshwater Dredging Projects. 34 pp. +
appendices.

[MDDEP] Ministere du Développement durable, de 'Environnement et des Parcs du Québec.
Guide d’échantillonnage a des fins d’analyses environnementales : Cahier 1 — généralité, édition
courante.

Pelletier, M., M. Desrosiers, S. Lepage and Y. de Lafontaine. 2014. Butyltins in Sediments of the
St. Lawrence River. State of the St. Lawrence Monitoring Sheet. Environment Canada and
Ministére du Développement durable, de 'Environnement et de la Lutte contre les changements
climatiques

Shepard, F. P., 1954. Nomenclature based on sand-silt ratios. Journal of Sedimentary Petrology
24: 151-158.

[USEPA] United States Environmental Protection Agency. 1999. Methods for collection, storage,
and manipulation of sediments for chemical and toxicological analyses (May 14, 1999 draft).

[USEPA] United States Environmental Protection Agency. 1995. QA/AC guidance for sampling
and analysis of sediments, water and tissue for dredged material evaluations-chemical
evaluations. EPA 823-B-95-001. Office of Water, Washington, DC.

Van Den Berg, M., L. Birnbaum, B.T.C. Bosveld, B. Brunstrom, P. Cook, M. Feeley, J.P. Giesy,
A. Hanberg, R. Hasegawa, S.W. Kennedy, T. Kubiak, J.C. Larsen, F.X. Rolaf Van Leeuwen,
A.K.D. Liem, C. Nolt, R.E. Peterson, L. Poellinger, S. Safe, D. Schrenk, D. Tillitt, M. Tysklind, M.
Younes, F. Waern and T. Zacharewski. 1998. Toxic equivalency factors (TEFs) for PCBs, PCDDs,
PCDFs for humans and wildlife. Environmental Health Perspectives, 106: 775-792.

Wentworth, C.K. 1922. A scale of grade and class terms of clastic sediments. J. Geol., 30:377-
392.
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The method detection limit (MDL) is the minimum concentration of an analyte that can be detected
with a defined level of confidence for a given analytical method. At concentrations below the MDL,
the signal produced by the analyte cannot be differentiated from the instrument background noise.
The MDL is equal to 3 times the standard deviation of at least 10 replicate analyses performed
on the samples, the concentration of which is as close as possible to the determined MDL. In
selecting samples for determining the MDL, it is important to bear in mind that the value of the
MDL will only be valid if the ratio of the mean of n replicates to the MDL obtained is between 4
and 10.

MDL =3 x s1
where s1: standard deviation of a series of replicate measurements

If the number of replicates is greater than seven, the MDL can also be defined by the following
equation (CSL, 1996):

MDL = t(0.975;n-1) X S2

where s,: standard deviation of a series of replicate measurements
to.975; n-1): Student’s value with a 97.5% confidence interval
n: number of replicate measurements

For analyses performed using high-resolution mass spectrometry, the detection limits and limit of
guantification can be determined for each sample.

LIMIT OF QUANTIFICATION (LOQ)

The limit of quantification (LOQ) is the minimum concentration of an analyte that can be quantified
by an analytical method with a specifically defined level of confidence. It is the concentration
corresponding to 10 times the standard deviation calculated from at least 10 replicate
measurements on samples, the concentration of which is as close as possible to the MDL (which
is equivalent to 3.33 x MDL). It is therefore important to know the LOQ of an analytical method in
order to determine whether it is possible to state, with a given level of confidence, that a substance
is present in a sample at a given concentration.

LOQ: 10 x s1
where s1: standard deviation of a series of replicate measurements.
PRECISION
Precision refers to the closeness of agreement, at a given confidence level, between the results
obtained by repeating the analytical procedure several times (n = 10 replicate analyses) under

the same conditions. Depending on the test performance conditions, precision is expressed as
reproducibility and repeatability.
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Reproducibility

Reproducibility refers to the closeness of agreement, at a given confidence level, between
successive individual results obtained on the same sample using the same test method in the
same laboratory and under the following conditions: same analyst, same apparatus, same day.
The value will be determined by the following equation:

t(0.975; n-1) X S3

Vv

where s3: standard deviation of a series of measurements referring to
reproducibility
to.975; n-1): Student’s value at a 97.5% confidence level
n: number of replicate measurements

Repeatability

Repeatability refers to the closeness of agreement, at a given confidence level, between
successive individual results obtained on the same sample using the test method in the same
laboratory and for which at least one of the following elements is different: the analyst, the
apparatus, the day. The value will be determined by the following equation:

t(0.975; n-1) X S4

Vv

where s4: standard deviation of a series of measurements referring to repeatability
to.975; n-1): Student’s value at a 97.5% confidence level
n: number of replicate measurements

ACCURACY

Accuracy refers to the closeness of agreement, at a given confidence level, between the value
certified by a recognized organization and the mean obtained by repeating the analytical
procedure 10 times (n=10 replicates). Accuracy is measured, at a given concentration, in the
normal quantitative working range of the method. It is expressed as relative error. It is calculated
by the following formula:

Accuracy (%) = 100 — Relative error (%)

where  Relative error (%) = x 100

S

and where Vs: suggested value
Vo. mean of observed values
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RECOVERY

Recovery refers to the presence of potential interference in the analytical process for a given
sample and given concentration. It is measured, at a given concentration level, in the normal
guantitative working range of the method. It corresponds to the difference (in percentage)
between the measured concentration in a sample spiked with a substance of interest and the
concentration measured in an unspiked sample, divided by the concentration of the analyte
added:

Ci—-C
Recovery (%) = T x 100
where Cr measured concentration of a spiked sample;
C: measured concentration of an unspiked sample;

Ca: concentration of the substance added.
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METHOD BLANKS

Method blanks provide information on possible contamination. Blanks are composed of solvents
or reagents used in the analyses, in quantities equal to those used in the analyses, and are
subjected to all steps of the analytical protocol.

REPLICATES AND DUPLICATES

Replicates are two or more aliquots of the same sample treated identically throughout the
analytical procedure, from pretreatment to measurement. Duplicates are replicates comprising
two aliquots. These control elements are used to assess the variability of an analytical method.

SPIKED SAMPLE

A spiked sample is a sample already analyzed to which a known quantity of one or more chemical
substances of interest are added. The quantity added must comprise between 50 and 100% of
the quantity previously measured. Spiked samples are used to assess the percent recovery on a
real sample.

CERTIFIED REFERENCE MATERIALS

Certified reference materials (CRM) are samples collected and prepared (homogenized, dried
and sieved) by a recognized organization. They are characterized by their stability and
homogeneity. The concentration of various substances is determined by recognized accredited
laboratories and can therefore be considered, with a high level of confidence, to be a reference
value. CRMs are accompanied by a certificate issued by the organization.

These materials exist in a wide range of concentrations for most substances discussed in this
guide. Several suppliers are listed below:

e CEAEQ, Centre dexpertise en environnementale du Québec, Ministere du
Développement durable, de I'Environnement et des Parcs du Québec, Quebec City,
Quebec.

¢ NRCC, Marine Analytical Chemistry Standards Program, National Research Council of
Canada, Ottawa, Ontario.

¢ NWRI, National Water Research Institute, Canada Centre for Inland Waters, Burlington,
Ontario.

e NIST, National Institute of Standards and Technology (Standard Reference Material
Program), Gaithersburg, Maryland, U.S.

e USEPA, United States Environmental Protection Agency, Quality Assurance Branch,
Cincinnati, Ohio, U.S.

e USGS, US Geological Survey, Reston, Virginia, U.S.
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REFERENCE MATERIALS

Reference materials (RM) are materials that have been prepared by the laboratory performing
the analyses. They are prepared from actual samples whose chemical characteristics of interest
have previously been determined by the laboratory. The samples must be homogenized and
stabilized. Expected concentration values of the parameters of interest are established by
conducting a minimum of seven to ten analyses and calculating the mean of the valid results. This
mean becomes the expected value of the RM. The initial analyses must be performed
simultaneously with the certified control samples in order to ensure the validity of the analytical
process and results obtained. The RM must be traceable and periodically validated against CRM
of the same nature.

INJECTION (OR VOLUMETRIC) INTERNAL STANDARDS AND RECOVERY (EXTRACTION
OR ANALOGUE) STANDARDS

(Organic chemistry parameters)

An injection internal standard is a standard solution added to the purified extract immediately
before analysis. It is used to assess the stability of the measuring instrument and to correct for
any instrument variation. A recovery standard is a compound that acts in a similar fashion to the
compounds analyzed and is added to the sample prior to treatment. It is used to evaluate the
performance of the extraction/purification process and to correct for matrix effects.

Through a judicious choice of injection and recovery standards, it is possible to obtain validation
data that represent as accurately as possible the performance of the analytical method. It is
recommended to select recovery standards so as to obtain a valid assessment over the entire
course of the analysis. In addition, if several laboratories are working on the same project, it is
much easier to compare analytical performance if they use the same injection and recovery
standards.
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TABLE 1 — Minimum number of quality control materials to be inserted per analytical run?

Number of samples to Number of blanks

be analyzed

Number of RM or CRM

Number of other
elements?

1

0

11

18

24

29

30

37

44

50

56

57

64

70

76

84
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Ol (N[O~ [WlW[W]|N |-

90

4

4

10

100 and more Insertion frequency for blanks and RM or CRM: minimum 4% of samples.

Insertion frequency for all quality control elements other than blanks: minimum
15% of samples.

1 For the analysis of organic substances, it is often necessary to add injection internal standards and recovery
standards to the control elements presented in Table 1. The minimum number of injection internal standards
and recovery standards to be added for each sample is presented in Table 2.

2 QC materials: duplicates, replicates and spiked samples. (It is recommended to alternate between these QC
control materials in order to obtain more complete information on the performance of the method at the time

of the analyses.)

TABLE 2 — Recommended minimum number of injection and recovery standards to be

added to each sample

Parameter Number of injection Number of recovery
internal standards standards
Polychlorinated biphenyls 4 3
Toxaphene 1 1
Organochlorine pesticides 2 1
Polycyclic aromatic hydrocarbons 1 3
Petroleum hydrocarbons C1,-Cso NA NA
Chlorinated dioxins and furans 4 9
Phenolic compounds 1 3
Nonylphenols 1 1
NPEO 1 1
PBDE 4 6

NA: not applicable
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