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Foreword

The present document replaces the publicationlestihterim Criteria for Quality Assessment of St.
Lawrence River Sedime(BLC and MENVIQ 1992). The new sediment qualityecia may be updated
as changes are made in the scientific informatiowbich they are based.

This publication was produced jointly by Environrmhéanada and the Ministere du Développement
durable, de I'Environnement et des Parcs du Québih, the support of the Navigation Consensus-
building Committee.

Problems in applying the interim sediment qualitytecia, notably because of the naturally high
concentrations of certain metals in the St. Laweemeere reported in the 1990s. With the publicatibn
the Canadian Sediment Quality Guidelines by thea@sam Council of Ministers of the Environment
(CCME 1995; 1999) and the availability of new datamany substances of concern in the St. Lawrence,
sediment management authorities saw the need feviaw of the interim criteria adopted in 1992. A
workshop held in 1996 (PWGSC 1996) brought togettagious stakeholders involved in dredging and
sediment management, and led to the preparati@ensbiidy report (Belles-lles and Savard 2000). This
was followed by a second workshop in 2000 aimedkeatloping a work plan for reviewing the sediment
quality criteria. Some of the resulting recommeiae (WGIMDS 2001) were adopted by the Working
Group on the Integrated Management of DredgingSediments.

The development and improvement of sediment quabigsessment tools were among the
recommendations made (WGIMDS 2004) with a viewedducing the scientific uncertainty associated
with dredging activities. The WGIMDS recognized tieed to (1) review and revise the sediment quality
criteria in order to consider the specific charastes of the St. Lawrence and the knowledge aegqui
since the publication of the interim criteria in929 (2) complete the development of complementary
assessment tools that are needed by all stakebcder that are essential for increasing knowledge o
sediment quality and of the potential effects oflisents on aquatic organisms; and (3) develop a
decision-analysis approach to provide a more rigequrocedural framework permitting more consistent
and equitable handling of issues and situations.

This document presents the results of the revieth@interim sediment quality assessment critdiias
exercise has resulted in the adoption of new sattimgaality criteria, which are described herein and
replace the criteria established in 1992. Sedimeiality assessment criteria constitute a screetuab

for assessing the chemical contamination of sedisnéuditional sediment management tools, including
an ecotoxicological assessment process, are clyrrarder development. This document takes account o
the complementary nature of these various toole. diiidelines and recommendations for applying the
sediment quality criteria provide for the use dfastsuitable analytical tools as well. The neweciidt for

the assessment of sediment quality in Quebec aedban the approach of the Canadian Council of
Ministers of the Environment (CCME 1995). In allve thresholds have been adopted: two threshold
values developed by the CCME (1999) and three iaddit criteria derived using the same database and
method, in order to meet sediment management repedsic to Quebec.

For the assessment of sediment quality, the aitne used in conjunction with the natural and eamntbi
concentrations in sediments at the site under stRdgent samples collected in the fluvial sectibthe
St. Lawrence were used to determine the naturabamuent concentrations present in the pre-indalstri
sediments and postglacial clays in this sector.
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Sediment management in Quebec involves three distontexts: prevention of sediment contamination;
management of dredged sediments; and remediatiocofaminated aquatic sites. Guidelines and
recommendations for the application of sedimentliguariteria are provided for each of these
management contexts.

A more detailed description of the criteria revipwocess, together with all the information compiled
during this exercise, is provided in the referedoeument (EC and MDDEP 2006).
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Abstract

This document presents the results of a reviewesediment quality criteria adopted in Quebec9i@21

It describes the new quality criteria adopted bwiEEmment Canada and the Quebec Ministére du
Développement durable, de I'Environnement et descsPaas well as the process leading to their
development. The document also contains unpublisildokmation on the natural and ambient
concentrations of various substances in the sedémeh the St. Lawrence River. Guidelines and
recommendations for interpreting and applying thality criteria are also presented.

Following an assessment of new data and of sediqeaiity guidelines developed by other jurisdicipn

it was concluded that the interim criteria publidhie 1992 should be replaced with new quality cidte
based on the approach of the Canadian Council oiskéirs of the Environment (CCME). In selecting the
methodological approach, the task group took imosteration aspects such as data completeness and
updating of the CCME’s toxicological database, thge with the availability of data on freshwater,
marine and estuarine environments.

To protect aquatic life, the CCME has derived teference values for some 30 substances in freshwate
and marine sediments: a threshold effect level (T&ld a probable effect level (PEL). These two ealu
have been adopted for the assessment of sedimalityqn Quebec, and three other levels were ddrive
to define all of the intervention levels needed $ediment management in Quebec under a diversity of
contexts. The three new sediment quality criterierevdefined using the CCME database and a
calculation method similar to the one used to deitee the TEL and the PEL. They are (1) the rareceff
level (REL), (2) the occasional effect level (OE&hd (3) the frequent effect level (FEL).

This set of criteria constitutes a screening taol dssessing the degree of contamination of sedimen
Employed in conjunction with natural background disy these quality criteria can prevent the
contamination of sites that are sensitive to inditanthropogenic contaminants. The criteria cao ae
combined with other assessment tools, such asitp@sts and biological field studies, to deterenthe
most appropriate management method for dredgedrialab@sed on its degree of contamination. The
sediment quality criteria can also serve as indisabf the remedial measures required at contagdnat
sites and help to define restoration objectives.
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Résumé

Ce document présente les résultats de la révigiertidteres pour I'évaluation de la qualité desrsédts

au Québec adoptés en 1992. Au cceur de ce rappottdécrits les nouveaux critéres de qualité retenu
par Environnement Canada et le ministére du Dépelment durable, de I'Environnement et des Parcs
du Québec ainsi que la démarche qui a conduit & détermination. S’y trouvent également des
informations pertinentes, et dans certains cadtggdsur les teneurs naturelles et ambiantesaasgis
substances présentes dans les sédiments du SamenaLaDes directives et des recommandations pour
l'interprétation et I'application des critéres deatjté y sont également présentées.

Il a été estimé, aprés évaluation des nouvellesné@rm disponibles et du développement de criteres de
gualité par d’autres juridictions, qu’il y avaitavage a remplacer les critéres publiés en 1992igmr
criteres de qualité basés sur I'approche développeée le Conseil canadien des ministres de
'environnement (CCME). L'exhaustivité et la mise jaur potentielle de la banque de données
toxicologiques du CCME de méme que la disponibdigédonnées pour les milieux d’eau douce et pour
les milieux marins et estuariens ont été des fastaléterminants dans le choix de l'approche
méthodologique.

Ce document présente les résultats de la révigiertidteres pour I'évaluation de la qualité desrsédts

au Québec adoptés en 1992. Au coeur de ce rappottdécrits les nouveaux critéres de qualité retenu
par Environnement Canada et le ministere du Dépelment durable, de I'Environnement et des Parcs
ainsi que la démarche qui a conduit a leur déteatitin. S’y trouvent également des informations
pertinentes, et dans certains cas inédites, suetesirs naturelles et ambiantes de diverses sglesta
présentes dans les sédiments du Saint-Laurent. ddestives et des recommandations pour
l'interprétation et I'application des critéres deatjté y sont également présentées.

Il a été estimé, aprés évaluation des nouvellesékm disponibles et du développement de criteres de
gualité par d’autres juridictions, qu’il y avaitavage a remplacer les critéres publiés en 1992igmr
criteres de qualité basés sur l'approche développae le Conseil canadien des ministres de
'environnement (CCME). L'exhaustivité et la mise jaur potentielle de la banque de données
toxicologiques du CCME de méme que la disponibdigédonnées pour les milieux d’eau douce et pour
les milieux marins et estuariens ont été des fastaléterminants dans le choix de l'approche
méthodologique.
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Chapter 1

Selection of the Approach to Derive the Sediment
Quality Criteria

After evaluating the new data resulting from theedlepment of sediment quality guidelines in
other Canadian jurisdictions and elsewhere, the gasup mandated with reviewing the interim
sediment quality criteria concluded that it woulel lbetter to replace the criteria published in
1992 with new sediment quality criteria based anapproach adopted by the Canadian Council
of Ministers of the Environment (CCME 1995) to deriits Canadian Sediment Quality
Guidelines.

The task group considered the fact that the dagabssd to calculate the Canadian guidelines,
the CCME’s Biological Effects Database for Sedimsentontains a vast amount of data,

including data from the Ontario Ministry of the Ermnment (Jaagumagi 1990a; 1990b), which

were used in determining the interim criteria fbe tassessment of sediment quality in the St.
Lawrence in 1992.

The team also considered that the CCME databdgesig to be updated regularly, because the
protocol for the derivation of Canadian Sedimentalqy Guidelines provides for the
incorporation of data obtained from spiked-sedintericity tests. The group was also sensitive
to the fact that the Canadian guidelines estaldeyarate values for freshwater, marine and
estuarine environments.

Finally, the task group concluded that the CCMErapph also has the advantage of ensuring
greater harmonization with provinces that are dlyassing the Canadian guidelines, and greater
consistency with Environment Canada’s Disposaleat Brogram.

CRITERIA FOR THE ASSESSMENT OF SEDIMENT QUALITQUEBEC 1



Chapter 2

Development of the Sediment Quality Criteria

The criteria for the assessment of sediment qualiQuebec incorporate the Canadian Sediment
Quality Guidelines along with three additional v@duderived using the same database and an
approach similar to that used by the Canadian dbohMinisters of the Environment (CCME).

2.1 The CCME Approach: A Modified Version of theaonal Status and
Trends Program Approach

In 1995, the Canadian Council of Ministers of thevitEonment (CCME) developed the Protocol
for the Derivation of Canadian Sediment Quality d&lines for the Protection of Aquatic Life.
The protocol provides for the use of two compleragntpproaches to establish links between
concentrations of chemicals in sediments and obsdegtfects in benthic and pelagic organisms.
At present, only one of these two approaches,gatyli modified version of the National Status
and Trends Program (NSTP), is being used to dehgenational sediment quality guidelines.
The second approach, which centres on spiked-setlitoeicity testing, cannot be used owing
to the paucity of data for this type of testingisTis why the CCME has issued interim sediment
guality guidelines (CCME 2001a).

The National Status and Trends Program (NSTP) dataiwas created by the National Oceanic
and Atmospheric Administration (NOAA) in 1990. Longnd Morgan (1990) compiled
information from it on the biological effects ofdsment-associated contaminants. At the request
of Environment Canada, this database was reviewddeapanded by adding new data obtained
from other sites or by dealing with additional cheams or new observations of biological
effects. This expanded database, now called théoddeal Effects Database for Sediments
(BEDS), was used in developing the Canadian Sedir@emlity Guidelines (SQGs). BEDS
contains various types of data that can be usedttblish links between the concentration of a
given chemical and the presence or absence oflagial effect. These data come from field
studies (species abundance and richness of bentnumunities, toxic effects on living
organisms, especially on growth, reproduction andigal), spiked-sediment toxicity tests, and
equilibrium partitioning models. BEDS also includesdiment quality assessment criteria
adopted by other jurisdictions.

During the construction of BEDS, the acceptabildly data was screened using stringent
requirements of reliability and accuracy with redp® the experimental design, test protocols,
analytical methods and statistical procedures usedch candidate study. Only the data deemed
acceptable were incorporated into the correspongingrd in BEDS, which includes details on
the measured chemical concentration, study locatyge of analysis or approach, test duration,
the end-point measured, the species and life $ésged, the evidence of observed effects and the
study reference. When available, information onirsedt characteristics (particle grain-size
distribution, total organic carbon, acid volatilelghide, etc.) and the overlying water column
was also compiled. Data in which observed bioldgeféects can be linked to the measured
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chemical concentration in sediment are called @ff@ata.” In contrast, data for which no

biological effect is observed or data in which thes little or no concordance between the
chemical concentrations and the observed biologiffaicts are called “no-effect data.” About

10% of the data in BEDS is derived from Canadiamliss while the rest of the research was
done in the United States (D. D. MacDonald, persooamunication).

For the derivation of the Sediment Quality Guidedinthe CCME opted to use MacDonald’s
modified version (1993) of the original NSTP apmtoaLong and Morgan 1990). In the
modified approach, unlike the original one, infotioa is compiled separately for freshwater
and marine sediments. The data are divided into dets: the “effect” data set and the “no-
effect” data set. No-effect data are included iis fprocedure because they are considered to
provide relevant information for defining the reteiship between contaminating substances and
biotic responses (MacDonald 1994). A minimum amairttata must be available to provide the
“weight of evidence” supporting the associationwssn concentrations of chemicals in
sediments and biological effects, and hence torereidequate protection of aquatic species. The
database must comprise at least 20 “effect” entmebs 20 “no-effect” entries for each chemical
under study. When this requirement is met, tworegfee values are established. The first value
defines thehreshold effect level(TEL) and the second tlggobable effect level(PEL).

Three ranges of chemical concentrations are defiaethe TEL and the PEL: (1) the lowest
range of concentrations, within which adverse e¢$fece rarely observed; (2) the possible effects
range, between the TEL and the PEL, within whicliease effects are occasionally observed;
and (3) the probable effects range, within whiclvesse biological effects are frequently
observed. The definition of these ranges is basethe premise that the probability of toxic
effects resulting from exposure to a given cheminateases with the concentration of that
substance in sediments. Figure 1 gives an exaniples alistribution of effect data and no-effect
data according to ascending chemical concentrations

In order to ensure that the TEL and the PEL obthifeg each chemical identify ranges in
chemical concentrations that satisfy their nareatiefinitions, the incidence of adverse effects is
calculated for each range of concentrations (CCM&22). The incidence of adverse effects is
determined by calculating the percentage repredebtethe number of effect data entries
relative to the entire data set (effect data + fflece data) present in a given range of
concentrations (Figure 1). For most substancesinitidence of adverse effects is 10% or less
for the range of concentrations below the TEL (@gital effects are rarely observed), satisfying
the narrative definition of the TEL. For the rangfeconcentrations above the PEL (biological
effects are frequently observed), the incidenceadierse effects varies considerably among
chemicals, and is sometimes lower than 50%, edped@ freshwater sediments (CCME
2002a). The low incidence of adverse effects oleskfor a number of substances in this range
indicates that the degree of correspondence bettveenalues obtained for the PEL and the
narrative definition of the PEL (concentration abavhich adverse effects are usually observed)
is occasionally somewhat weaker than in the casieeoTEL.

CRITERIA FOR THE ASSESSMENT OF SEDIMENT QUALITQUEBEC 3



To address these various uncertainties (e.g. éatlusatisfy the narrative definition of the TEL),
the CCME protocol provides that a safety factor rbayapplied to the two threshold values
obtained (CCME 1995, Appendix C). This is done he tcase of dioxins and furans
(PCDD/PCDFJ. The current threshold effect level constitutes thterim Sediment Quality
Guideline (ISQG). In some cases where the Nati®tatus and Trends Program (NSTP)
approach cannot be used owing to a lack of daCBME may either use sediment quality
criteria established by other jurisdictions (as wase for Arochlor 1254 and toxaphene) or use
the equilibrium partioning method (as was donentmmylphenol).

Rate of incidence of adverse effects 9% 22% 56%
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Figure 1  Distribution of copper concentrations in marine and estuarine sediments associated
with adverse biological effects€) and no adverse biological effectoj

2.2 The Quebec Approach: The CCME Approach with Atdzhal Reference
Values

It was decided that the CCME’s two reference valuesnely the TEL and the PEL, should be

adopted as criteria for sediment quality assessnmeiQuebec. However, because these two
values alone are insufficient to address all of difeerent sediment management contexts in
Quebec, three additional reference values have daé@ed to cover all of the management needs
associated with the following three contexts:

! In deriving Interim Sediment Quality Guidelines fHlioxins and furans, a safety factor of 10 wasliag to the

TEL and the PEL because a significant proportionlisfervations (79%) did not correspond with theatae
definition of the TEL, with concentrations beingver than the TEL in Canadian sediments, and beaafuse
uncertainty related to the bioaccumulation and ignification of dioxins and furans.
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a) Prevention of sediment contamination from industral discharges

To prevent sediment contamination resulting frondustrial-source discharges into a
watercourse, the quality criteria are supportedtmwmical analyses which make it possible to
monitor the status of vulnerable sites and providdvance warning of incipient
contamination. Monitoring may be initiated evendrefthe TEL is reached. A new threshold
that is even lower than the TEL has been derivesrare effect concentration(REL).

The REL and the TEL are the two signposts for pnéag contamination.

b) Management of dredged sediment

Open-water disposal of dredged sediment is pradbéxcept where the material presents no
threat to aquatic biota. A contamination threshokkds to be identified beyond which
toxicity testing is mandatory. Since past expergehas shown thaf most toxicity tests are> not
very sensitive to low levels of contamination, dueahigher than the TEL, but lower than the
PEL, has been calculated in order to derive a rneference value. Theccasional effect
concentration (OEL) is the concentration above which adversectsfare anticipated in
many benthic species.

In addltlon to facilitate the mananpmpnf of dmﬂnpdumpnt it is necessary to determlne a

type of decision, a new reference value has beameuﬂe thefrequent effect concentration
(FEL), or the concentration above which adverseot$f are anticipated for the majority of
benthic species.

The OEL and the FEL are the two threshold valuesegong the management of dredged
sediment disposal.

c) Remediation of contaminated aquatic sites

The decision to remediate a contaminated site memgdly made after an in-depth analysis
concludes that the advantages of restoring the aitsveigh the disadvantages. While
exceedance of the PEL signals the need to undesiadte studies, a higher reference value
(i.e. the FEL), indicates that the site should émediated and that feasibility studies should
therefore be undertaken.

The PEL and the FEL are the two threshold valuas ¢an be used to provide guidance for
remediation decisions.

These three new reference values are designed usdakin conjunction with the TEL and the
PEL established by the CCME, bringing to five tlwenter of reference values used for sediment
management in Quebec. Nonetheless, only two refergalues are used in each of the three
sediment management contexts described in thisndeicu It is therefore necessary to determine
the context in which the situation under study eggpin order to select the requisite quality
criteria. The frameworks for managing and applyquality criteria for the three contexts are
detailed in sections 5.2, 5.3 and 5.4, and illisttan Table 5.

2.3 Derivation of the Five Sediment Quality Criteri

In establishing the Canadian Guidelines (CCME 198% threshold effect level (TEL) and the
probable effect level (PEL) were calculated by ngkithe geometric mean of two values: one

CRITERIA FOR THE ASSESSMENT OF SEDIMENT QUALITQUEBEC 5
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derived from the effect data set and the other ftbenno-effect data set. For consistency, the
three additional reference valuethe rare effect level (REL), the occasional effegel (OEL),
and the frequent effect level (FEEwere defined using BEDS data and a calculation agkth
similar to that used for the TEL and the PEL. The fsediment quality criteria values are
obtained using the following formulas:

REL = /(Eys X NE;)

TEL = /(E;; x NE;,)
OEL = /(Eso X NEs)
PEL = /(Eso % NEg)

FEL = /(Egs x NEg)

Where E;s 15th percentile of the effect data set
Eso: 50th percentile of the effect data set
Egs: 85th percentile of the effect data set
NE;s 15th percentile of the no-effect data set
NEso: 50th percentile of the no-effect data set
NEsgs: 85th percentile of the no-effect data set

The five quality criteria values calculated for 0\89 substances in freshwater sediments and
marine sediments are presented in tables 1 ara$Rectively.

2.4 Derivation of a Reference Value for Nickel

In the St. Lawrence River, nickel is generally assted with postglacial clays; the dispersion of
these clays leads to the enrichment of the sedsrathe river bed. Nickel is sometimes one of
the main contaminants present in sediments, argles it is among the substances routinely
analysed during sediment quality studies (Secti@p & is therefore important to have reference
values that can be used to estimate the degreeoxfity associated with the nickel
concentrations measured in sediments.

Since the CCME has not established a TEL or a RElnickel and the BEDS database cannot
be used to calculate the REL, the OEL or the Fhé&,possibility of adopting values established
by other jurisdictions, on an interim basis, wassidered. However, given the specific nature of
the nickel situation in the St. Lawrence Rivesaemed more appropriate to establish a threshold
value to guide decisions on the management of éckdgaterial (Section 4.1) using known
natural concentrations in the St. Lawrence. Consetly; only an OEL has been calculated for
freshwater sediments; it is based on the geometgan (47 mg/kg) (Table 1) of the natural
concentration in pre-industrial sediments (29 mpéugd the natural concentration in postglacial
clays (75 mg/kg) (Table 3).

This value is comparable to the values advancedother jurisdictions that determine
concentrations above which adverse effects ard¢ylioebe observed (e.g. the PEL). According
to MacDonald et al. (2000), these values range f88rto 75 mg/kg for freshwater sediments.
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Table 1 Criteria for the assessment of freshwateregliment quality

Concentrations (mg/kgj"b

Group Substance REL TEL OEL PEL FEL
Metals and Arsenic 4.1 5.9 7.6 17 23
metalloids Cadmium 0.33 0.60 1.7 3.5 12
Chromium 25 37 57 90 120
Copper 22 36 63 200 700
Lead 25 35 52 91 150
Mercury 0.094 0.17 0.25 0.49 0.87
Nickel ND ND 47 ND ND
Zinc 80 120 170 310 770
Organic Total polychlorinated biphenyls 0.025 0.034 0.079 0.28 0.78
compounds (PCBsJ
Nonylphenol and its ethoxylatés ND 1.4 ND ND ND
PCDD/PCDF (ng tox eq/kg 0.27 0.85 10 22 36
Polycyclic Acenaphthené 0.0037 0.006 7 0.021 0.089 0.94
aromatic Acenaphthylené 0.003 3 0.0059 0.030 0.13 0.34
hydrocarbons Anthracené 0.016 0.047 0.11 0.24 1.1
Benzo[a]anthracene 0.014 0.032 0.12 0.39 0.76
Benzo[a]pyrene 0.011 0.032 0.15 0.78 3.2
Chrysene 0.026 0.057 0.24 0.86 1.6
Dibenzo[a,h]anthracerfe 0.003 3 0.006 2 0.043 0.14 0.20
Fluoranthene 0.047 0.11 0.45 2.4 4.9
Fluoren€e® 0.010 0.021 0.061 0.14 1.2
2-Methylnaphthalen& 0.016 0.020 0.063 0.20 0.38
Naphthalené 0.017 0.035 0.12 0.39 1.2
Phenanthrene 0.025 0.042 0.13 0.52 1.1
Pyrene 0.029 0.053 0.23 0.88 15
Organochlorine Chlordane 0.0015 0.004 5 0.006 7 0.008 9 0.015
pesticides DDD" 0.000 35 0.0035 0.0085 0.008 5 0.015
DDE" ¢ 0.000 25 0.001 4 0.0026 0.006 8 0.019
DDT" &N 0.000 33 0.001 2 0.0038 0.004 8 0.010
Dieldrin’ 0.000 44 0.002 9 0.0039 0.006 7 0.017
Endrin 0.000 63 0.002 7 0.036 0.062 0.33
Heptachlor epoxide 0.000 2¢ 0.000 60 0.0027 0.0027 0.004 0
Lindane 0.000 22 0.000 94 0.0014 0.0014 0.011
Toxaphene' ND 0.000 10 ND ND ND

REL: rare effect level; TEL: threshold effect lev®IEL: occasional effect level; PEL: probable effievel; FEL: frequent effect level

*

For these persistent, bioaccumulative and toxistsulzes (SLV 2000 1999), bioaccumulation effectg bwobserved in aquatic, avian and

terrestrial consumers at various trophic levelseeseheffects are not taken into consideration irgtradity criteria presented here. Information

on this subject is presented in Section 3.1 amqmbint 2 of Section 5.2.

The values have been rounded to two significégitsd The shaded columns contain the CCME values the non-shaded columns the

additional reference values.

All the values are expressed as milligrams pergkdan (mg/kg) of dry sediment, except for the PCDTIF values, which are expressed as

nanograms per kilogram (ng tox eg/kg).

Value determined by the CCME (2002b) using the ldayiim partitioning method and assuming a totajasric carbon (TOC) level of 1%.

The calculation is based on toxicity equivalenaytdes (Appendix 1).

PCDD/PCDF: Polychlorinated dibenzo-p-dioxins/pbilprinated dibenzofurans; values are expressemxitity equivalency units (1). In

accordance with the CCME protocol, the initial \edwbtained during the calculation of quality ciéevere divided by a safety factor of 10.

The values calculated for marine sediments weopi@d by default.

DDD: 2,2-bis(p-chlorophenyl)-1,1-dichloroethanedichlorodiphenyldichloroethane. This criterionpéips to the sum of the p,p’ and o,p’

isomers.

9 DDE: 1,1-dichloro-2,2,bis(p-chlorophenyl)ethylene dichlorodiphenyldichloroethylene. This criteriapplies to the sum of p,p’ and o,p’

isomers.

DDT: 2,2-bis(p-chlorophenyl)-1,1,1-trichloroethaoedichlorodiphenyltrichloroethane. This criteriapplies to the sum of the p,p’ and o,p’

isomers.

" New York State Department of Environmental Consinma(1994) value adopted by the CCME (2002c). Vhlee was derived by using the
equilibrium partitioning method and assuming altotganic carbon (TOC) level of 1%.

ND: Not determined.

o

- o
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Table 2 Criteria for the assessment of marine sediment quality

Group Substance REL TEL OEL PEL FEL
(mg/kg)™®
Metals and Arsenic 4.3 7.2 19 42 150
metalloids Cadmium 0.32 0.67 2.1 4.2 7.2
Chromium 30 52 96 160 290
Copper 11 19 42 110 230
Lead 18 30 54 110 180
Mercury 0.051 0.13 0.29 0.70 1.4
Nickel ND ND ND ND ND
Zinc 70 120 180 270 430
Organic Total polychlorinated biphenyls 0.012 0.022 0.059 0.19 0.49
compounds (PCBs}
Nonylphenol and its ethoxylatés ND 1 ND ND ND
PCDD/PCDF (ng tox eq/kg) " 0.27 0.85 10 22 36
Polycyclic Acenaphthene 0.0037 0.006 7 0.021 0.089 0.94
aromatic Acenaphthylene 0.003 3 0.0059 0.031 0.13 0.34
hydrocarbonsAnthracene 0.016 0.047 0.11 0.24 1.1
Benzo[a]anthracene 0.027 0.075 0.28 0.69 1.9
Benzo[a]pyrene 0.034 0.089 0.23 0.76 1.7
Chrysene 0.037 0.11 0.30 0.85 2.2
Dibenzo[a,h]anthracene 0.003 3 0.006 2 0.043 0.14 0.20
Fluoranthene 0.027 0.11 0.50 15 4.2
Fluorene 0.010 0.021 0.061 0.14 1.2
2-Methylnaphthalene 0.016 0.020 0.063 0.20 0.38
Naphthalene 0.017 0.035 0.12 0.39 1.2
Phenanthrene 0.023 0.087 0.25 0.54 2.1
Pyrene 0.041 0.15 0.42 1.4 3.8
Organochlorine Chlordane 0.000 92 0.002 3 0.0033 0.004 8 0.016
pesticidesDDD"® 0.000 63 0.001 2 0.0040 0.007 8 0.028
DDE'f 0.000 79 0.002 1 0.074 0.37 0.56
DDT"¢ 0.000 33 0.001 2 0.0038 0.004 8 0.010
Dieldrin’ 0.000 38 0.000 71 0.0020 0.004 3 0.006 0
Endrin" 0.000 63 0.002 7 0.036 0.062 0.33
Heptachlor epoxid® 0.000 26 0.000 60 0.0027 0.002 7 0.004 0
Lindane 0.000 22 0.00032 0.00051 0.000 99 0.0019
Toxaphene ND 0.000 10 ND ND ND

For these persistent, bioaccumulative and toxicstauizes (SLV 2000 1999), bioaccumulation effecty by observed in aquatic, avian and
terrestrial consumers at various trophic levelsesenheffects are not taken into consideration irgtraity criteria presented here. Information on
th|s subject is presented in Section 3.1 and intgbf Section 5.2.

o

=}

Bl

# The values have been rounded to two significagitsd The shaded columns contain the CCME values the non-shaded columns the
additional reference values.

All values are expressed as milligrams per kilogi@ng/kg) of dry sediment, except for the PCDD/PC&dfues, which are expressed as
nanograms per kilogram (ng tox eq/kg).

Value determined by the CCME (2002b) using the ldayiiim partitioning method and assuming a totajasric carbon (TOC) level of 1%.
The calculation is based on toxicity equivalenaytdes (Appendix 1).

PCDD/PCDF: Polychlorinated dibenzo-p-dioxins/pbilprinated dibenzofurans; values are expressemxitity equivalency units (1). In
accordance with the CCME protocol, the initial \edwbtained during the calculation of quality ciéevere divided by a safety factor of 10.
DDD:  2,2-bis(p-chlorophenyl)-1,1-dichloroethane dichlorodiphenyldichloroethane. This criteriopplies to the sum of p,p’ and o,p’
isomers.

DDE: 1,1-dichloro-2,2,bis(p-chlorophenyl)ethylemedichlorodiphenyldichloroethylene. This criteriapplies to the sum of the p,p’ and o,p’
isomers.

DDT: 2,2-bis(p-chlorophenyl)-1,1,1-trichloroethacedichlorodiphenyltrichloroethane. This criteriapplies to the sum of the p,p’ and o,p’
isomers.

The values calculated for freshwater sediments agopted by default.

New York State Department of Environmental Consiona(1994) value adopted by the CCME (2002c). Valeie was derived by using the
equilibrium partitioning method and assuming altotganic carbon (TOC) level of 1%.

ND: Not determined.
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Chapter 3

Scope and Limitations of the Sediment Quality
Criteria

3.1 Scientific Scope of the Quality Criteria

Sediment quality criteria (SQC) constitute one loé tools currently available for assessing
sediment quality. They are used to assess the chkegontamination of sediments and define
appropriate management thresholds according taegece of contamination. Other tools, such
as toxicity tests and biological field studies, @so be used to assess sediment quality and the
effects of sediment contamination on aquatic oigyasi Each of these tools provides specific
information, and it is often necessary to use sdvef them to obtain complementary
information for analysing the situation in greadepth.

TOOL SCOPE LIMITATIONS
Chemical quality * Cover a wide range of species and effects for a « Consider only known contaminants selected for
criteria specific to particular contaminant. analysis.
each substance « |dentify substances of concern. * Do not take into account the bioavailability of the
* Guide mitigation measures since one or more contaminants specific to the sediment under study.
substances are identified. * Do not take into account bioaccumulation and
* Help to determine management thresholds (e.g. contamination of organisms for human consumption|or
remediation threshold, restrictions on open-water piscivorous wildlife.
disposal). * Do not systematically incorporate the combineddoxi
* Can be used to prevent contamination at a spesiiéic effects of several substances.
« Take bioavailability of contaminants partially into * Costs can be high if the number of contaminantsto

analysed is high.

—

account since many data come from the environmer
* |nexpensive when the number of contaminants to bg
analysed is low.

Sediment toxicity « Simultaneously incorporate the toxic effects of a  Represent a limited toxicological pattern (onhewf
tests number of substances. species and a few effects are tested).

* Also measure the effects of unknown contaminants.| * Do not provide direct guidance for mitigation
 Measure the effects of contaminants for which there| ~ measures, such as treatment technologies, singe the

are no chemical criteria. do not identify the substance(s) involved.
* Take account of the bioavailability of the sediment | ¢ Do not provide information on the cause of the
contaminants under study. contamination.

* Measure the actual toxicity of the sediments tested
¢ Can take bioaccumulation into account and prevent f
contamination of organisms.

Biological field * Measure the effects present in the environment. * Do not assess short-term effects.
studies * Incorporate long-term effects and identify trendero | ¢ Do not identify a single cause for the observedaff
time. * Do not always distinguish between sources.
* Incorporate the effects of all sources, including * Effects are measured only after they have occurred
unknown sources. (not preventive).
* Incorporate the effects of all other possible skees * Large budgets are required to obtain a good ldével o
(e.g. degradation of the physical environment, discrimination.

parasitism) in addition to those associated wigicto
contaminants.
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e limitations of SQC as a sediment quality assess tool are described below.

The quality criteria described in this document iatended to protect aquatic life from the

toxic effects of chemicals. Such substances cantalse aesthetic, organoleptic and physical
effects on the quality of the environment or onaguorganisms. When well documented,

these effects may be considered on a case-by-ease b

Sediments that meet chemical quality criteria agaegally of good quality. However, the
absence of toxic substances does not mean thatgaati@ ecosystem is free from
disturbances. Other potential disturbances inchatstat loss, dredged material disposal, and
a significant increase in the concentration of sasied solids (SS). Considerations related to
maintaining the health of an ecosystem in ordeprtiect aquatic life and human health, a
specific use of the site in question or the neeprtdect vulnerable or threatened species may
entail the adoption of specific mitigation measuweadditional actions.

At no time should the SQC be considered implicptrapal to allow a site to degrade until it
reaches the adopted threshold values.

The quality criteria presented here do not addriés issues of bioaccumulation or
biomagnification in the food chain. Some highly d&oumulative substances may not have
any direct effect on benthic organisms that areiinoously exposed to very small doses of
those substances. The organisms nonetheless aataniue substances in their tissues and
pass on concentrated amounts of the chemicalsttators that feed on them. In general, the
data underpinning the quality criteria in this do@nt stem from observed effects in benthic
organisms or pelagic larval stages, rather tharganisms representing different levels of the
food chain. It is therefore probable that, in tlese of highly bioaccumulative substances,
these quality criteria cannot be used to preveatcibntamination of organisms that will be
eaten by species higher up the food chain (benthisoand piscivorous organisms, avian
fauna, terrestrial fauna and humans). There is edn® use other tools, such as
bioaccumulation tests, in some assessments of satiquality. In addition, the CCME has
developed Canadian tissue residue guidelines aiategrotecting wildlife species that
consume aquatic biota (CCME 2001b); the guidelamdy to several highly bioaccumulative
substances including  polychlorinated  biphenyls, hidiodiphenyltrichloroethane,
methylmercury, polychlorinated dioxins and furansd atoxaphene. To round out the
assessment of contamination at a given site, #sadi residue guidelines can be used in
conjunction with the sediment quality criteria déised in this document.

Although the quality criteria were derived on aesly-case basis for individual substances,
the additive, synergistic or antagonistic effectsaonumber of substances are taken into
account to a certain extent, because the datafosebe calculations come from sediments
typically contaminated with several chemicals. Nbeé&ess, the combinations of substances
vary from site to site, and the prevailing condiBoat a given site may differ considerably
from those represented by the quality criteria. i) tests done on sensitive species using
the sediments collected at a given site can heldentify the interactive effects of several
chemicals. To identify site-specific problems moeffectively, factors affecting the
bioavailability of chemicals can be taken into adegation (Section 3.3).
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3.2 Geographic Limitations of the Sediment Quali@yiteria

Given that the quality criteria were establishemhgislata from a variety of sources, they can be
used to assess sediment quality in any body ofnirat®uebec in conjunction with background
(natural) or regional ambient levels (Chapter 4).

The quality criteria for freshwater sediments andse for marine sediments can be applied to
three sections of the St. Lawrence River, as desdribelow.

 The St. Lawrence River receives only freshwatelows$ in the area extending from the
outlet of the Great Lakes to the eastern tip ofdi®rléans. The criteria for freshwater
sediments apply to this part of the St. Lawrendeictv comprises the fluvial section (from
the outlet of the Great Lakes to downstream of L8két-Pierre) and the fluvial estuary
(from downstream of Lake Saint-Pierre to the eadtierof lle d’Orléans).

» The upstream part of the upper estuary, which aattterized by a mixture of salt and fresh
water, extends from the eastern tiglefd’Orléans to Tle aux Coudres. Salinity variesnal a
longitudinal gradient between < 1%. at lle d’Orléaarsl 15%0 at lle aux Coudres (Ouellet
and Cerceau 1976; Gagnon et al. 1998; Leclerc 2(60lire 2). Although the ichthyofauna
of the brackish water characterizing this sectataminated by freshwater species, a number
of diadromous and marine species are present dglveelerc 2000). In order to protect all
of the species that occur in this section, thestetst quality criteria for both freshwater and
marine sediments should be used for every substaraigsed.

520 i P !/'
A Salinity 72
B Temperature (°C) /)J ‘ / J
c s [ f s
o ./f P - - .Jr 4 /
Area of brackish /= * s
- 2.~ vy
water 7 /
i
;/(
):/
Turbidity front
Downstream dispersion plume
o Maximum turbidity zone
. _. 3 C] 1to 10 mg/L
10 to 50 mg/L ]
- B >5(t) mg/L ? @
¥ 50 t0 200 mg/L . ":-z__u

Sources:Taken from Gagnon et al. (1998). Adapted from Lavand Beaulieu (1971), Bousfield et al. (1975),i$nman and
Ingram (1977), Gagnon et al. (1983), and Fortiet &agné (1990) for salinity; adapted from Vigeat84) for temperature;
adapted from Soucy et al. (1976) and d’Anglejar8(d%or suspended solids.

Figure 2  Salinity, temperature and SS gradients ithe St. Lawrence upper estuary
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« Downstream of lle aux Coudres, salinity increasgsdly, attaining 27%o. at the mouth of the
Saguenay River. Marine sediment quality criteri@ ased for the entire zone encompassing
the lower part of the upper estuary (from ile awu@res to the Saguenay), the saltwater
estuary (from the Saguenay to Anticosti Islandyl e Gulf of St. Lawrence.

3.3 Physico-chemical Limitations of the Quality Geria

3.3.1 Sediment particle grain size

Quality criteria developed using data for sedimenith a highly variable particle grain-size
distribution can be applied to all types of seditsgexcept sediment with grains larger than 2
mm. Given the wide range of particle sizes in tadiment used for the derivation of quality
criteria, it would be inappropriate to normalizee thesults of chemical analyses based on
sediment particle size distribution. Particle strmlysis of sediments is performed primarily to
assess sediment dynamics at a study site.

3.3.2 Adjustment of chemical results based on tlha@entration of total organic carbon in

the sediment sample
Although the total organic carbon (TOC) in sedimeaguh reduce the bioavailability of nonpolar
organic substances and thus lower their toxicitipeathic organisms, the data used to establish
the sediment quality criteria are insufficient teaqtify or predict the effect of this parameter on
contaminant toxicity (CCME 1995). Consequently, tobgteria for polycyclic aromatic
hydrocarbons (PAHs) and other organic compounds#) wWie exception of toxaphene and
nonylphenol, should not be adjusted based on thed & TOC. Considering that the TELs for
toxaphene and nonylphenol and its ethoxylates w&iilated using a TOC of 1% in sediments,
the quality criterion value can be corrected bytiplyjing the TEL by the TOC of the sample, up
to a maximum TOC value of 10%.

3.3.3 Factors affecting contaminant bioavailabilignd toxicity for aquatic organisms

In addition to particle size distribution and totaiganic carbon, other factors such as redox
conditions and pH, as well as the presence of aoidtile sulphide (AVS) and iron or
manganese oxides, are known to affect the biodubijaand toxicity of chemicals for aquatic
organisms. Although all of these characteristics mcorporated into the sediment quality
criteria, since they are based on data compilech faovariety of environments, it may be useful
to give greater consideration to specific factorsaagiven site, even if the data available at
present do not allow correction factors to be distaéd to adjust the quality criteria for the
parameters listed below.

Factors affecting the bioavailability and toxicity of contaminants for aquatic organisms

Redox conditions and pH A decrease in pH and an increase in redox potantthke ambient
environment can release the metals bound to setBiaareasing their bioavailability and their
potential to cause adverse effects in benthic asga The main metals and metalloids known to be
affected by redox conditions and pH are arsenidmiam, chromium, mercury, lead and zinc.

Acid volatile sulphide (AVS): AVS affects the toxicity of cationic trace metaitsce these metals
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can form complexes with sulphide. They then bectasg bioavailable and therefore less toxic for
aquatic organisms. The main substances known #dfeeted by AVS are cadmium, copper, mercury
and zinc.

Presence of iron oxides and/or manganese oxideBhe metals present in the sediments can be
strongly bound to iron oxide and manganese oxid#icpes. The main substances known to be
affected by the presence of iron oxides and/or raaege oxides are arsenic, chromium, lead and
zinc.
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Chapter 4

Determination of Natural and Ambient Levels

A concentration is said to be “natural” when thdisent has not undergone any anthropogenic
chemical alteration or modification. In practicafrhs, natural concentrations are those measured
in pre-industrial sediments.

The “ambient” concentration is a value that chaares the distribution of levels of a chemical
element or chemical compound in the surficial sesiita of a region. The source of these
chemicals may be natural and/or anthropogenic, thed presence is the result of diffuse
enrichment, affecting the entire region, rathemtl@alocalized or point source contamination
generated by a local source.

During the quality criteria review process, thewas corresponding to natural and ambient
concentrations were determined only for regions vidrich data on natural levels could be
obtained from statistical studies.

4.1 Natural Levels

Two types of sediment in the St. Lawrence River @raracterized by natural concentrations.
The first type is the postglacial clays that weepakited in the Champlain Sea over 8000 years
ago. These sediments can be identified on the loddiseir physical and chemical properties
(Appendix 2). The second type consists of more mecsediments dating back to the pre-
industrial era (before 1920) that formed thin dégosn the beds of fluvial lakes. Most of the
pre-industrial sediment data relate to sedimerds dhcumulated in permanent deposition zones
in the fluvial section, the fluvial estuary and tbeurentian Channel in the Gulf of St. Lawrence.
These data do not permit individual characterizatibthe fluvial lakes or of specific sections of
the St. Lawrence.

Sediment samples collected in the St. Lawrence dmiwl999 and 2001 can be used to
determine the natural levels in the zone encompggbe fluvial section and the fluvial estuary.
In these sectors, core samples of postglacial daygspre-industrial sediments were obtained,
processed separately and analysed for 27 inorgsuistances. In addition, 22 polycyclic
aromatic hydrocarbons (PAHs) were analysed in theinmlustrial sediments (Saulnier and
Gagnon 2006).

For the determination of natural levels, the 90#ncpntile of the data was adopted in order to
minimize the effect of potential outliers and taddcterize the highest possible natural levels by
excluding improperly analysed samples.

Table 3 presents the total extractable concentrsitior metals other than mercury and the total
concentrations for mercury and PAHThese values can be used as the natural levethédo

2 The total extractable concentration of a metéhésconcentration measured after aqua regia (@ HCI)
extraction without dissolving the silica matrix (8EQ 2006).
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entire fluvial section and the fluvial estuary. Bdhat the chromium, copper, nickel and zinc
levels are higher in postglacial clays than in ipdsstrial sediments, owing to differences in the
mineralogy and in the sources of the materials thake up the sediment matrix (Saulnier and
Gagnon 2003).

Available data on the natural levels of substancdahe sediments of the St. Lawrence estuary
and gulf relate to very fine-grained sedimentsem#d at depths of up to 300 m in the middle of
the Laurentian Channel, between the mouth of thgu&aay River and Cabot Strait (Gobeil
1991; 2000). This type of sediment is generally representative of the sediments likely to be
dredged along the coast. The data are presentddtasconcentrations in Appendix 3 for
information purposes only and they apply solelyhte Laurentian Channel. Since no statistical
studies have been done to determine the naturelsléw the sediments of coastal zones in the
estuary and gulf (areas where dredging and otlesitaes are likely to be undertaken), no value
has been defined for these sectors.

4.2 Ambient Levels

The data on ambient levels of substances in tvéaflsection of the St. Lawrence were collected
between 1999 and 2003 from surficial sediment sengtations laid out in a systematic grid
pattern in the different fluvial lakes. In all, 242diment samples were analysed for metals,
metalloids and PAHs (Pelletier and Lepage 2002kl 2006).

The ambient concentrations (Table 4) corresponthéo75th percentile of the data and thus
exclude samples from zones potentially affectedologl contamination or samples affected by
analytical errors. The use of this percentile eesuhat the metal analysis results are total
concentrations (as in the case of natural levaller than total extractable concentratfons

As in the case of natural-level data, the ambienéll data available for the St. Lawrence estuary
and gulf correspond to sediments collected in thedha of the Laurentian Channel (Gobeil
1991; 2000) and they are not representative oftabasnes where dredging is likely to be
undertaken. Therefore, these data are presentddpendix 3 for information purposes only and
they apply solely to the Laurentian Channel. Aghie case of natural levels in the Laurentian
Channel, the values correspond to total conceatrsiti

% The total concentration of a metal is the conegion measured after complete extraction of timepse, including
the silica matrix, using hydrofluoric acid (HF) perchloric acid (HCIQ) (CEAEQ 2006).

* The total concentrations of the metals preseStih.awrence sediments are generally 10% higlzer the total
extractable concentrations (C. Gagnon, personahaamcation).
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Table 3 Natural levels of substances in sedimentoin the fluvial section and the fluvial estuary
of the St. Lawrence

Concentrations (mg/kg¥

Group Substancé Pre-industrial sediment Postglacial clays
Metals and Aluminum 23 000 48 000
metalloid$ Arsenic 6.6 8.0

Barium 150 350
Beryllium 0.82 2.1
Cadmium 0.20 0.20
Calcium 15 000 29 000
Chromium 60 150
Cobalt 13 27
Copper 19 54
Gallium 8.7 19
Iron 30 000 56 000
Lanthanum 37 56
Lead 13 16
Lithium 22 72
Magnesium 10 000 25 000
Manganese 550 1100
Mercury 0.083 0.021
Nickel 29 75
Phosphorus 960 1100
Potassium 6 100 14 000
Rubidium 39 99
Sodium 850 2 200
Strontium 59 110
Thallium 0.16 0.36
Uranium 11 1.7
Vanadium 73 120
Zinc 86 150
PAHs Acenaphthene 0.0070 -
Acenaphthylene < 0.0020 -
Anthracene 0.036 -
1,2-Benzanthracene-7,12-dimethyl < 0.002 -
Benzofg]anthracene 0.020 -
Benzo[b+j+K]fluoranthene 0.14 -
Benzo[ghi]perylene 0.059 -
Benzo[c]phenanthrene < 0.0020 -
Benzo[a]pyrene 0.062 -
Chrysene 0.075 -
Dibenzo[a,h]anthracene 0.011 -
Dibenzo[a,h]pyrene < 0.0040 -
Dibenzol[a,i]pyrene < 0.0050 -
Dibenzol[a,l]pyrene <0.0030 -
Fluoranthene 0.13 -
Fluorene 0.020 -
Indeno[1,2,3-cd]pyrene 0.062 -
3-Methylcholanthrene < 0.0050 -
2-Methylnaphthene 0.020 -
Naphthalene 0.019 -
Phenanthrene 0.10 -
Pyrene 0.15 -
Other parameter Total organic carbon (%) 1.3 0.61

Source Saulnier and Gagnon 2003.
# Substances in bold are those for which one or muoatdity criteria have been derived (Table 1).
® The values have been rounded to two significaitsd
¢ The values correspond to total extractable conaatrs (extraction using a mixture of nitric acitbehydrochloric acid, also known agua

regia) for all metals except mercury. The mercury valggsesent the total concentration.
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Table 4 Ambient levels of substances in sediments in the St. Lawremfluvial lakes

Concentrations (mg/kg¥

Group Substancé Lake Saint- Lake Saint-Louis Lake Saint-Pierre
Francois

Metals and Aluminum 58 000 70 000 71 000

metalloid$ Antimony 0.50 0.50 0.20
Arsenic 5.0 7.0 2.0
Barium 630 720 820
Beryllium 15 1.8 1.8
Bismuth <0.10 0.20 <0.10
Cadmium 0.80 1.0 0.40
Calcium 52 000 37 000 24 000
Chromium 52 93 66
Cobalt 9.6 20 13
Copper 27 41 24
Gallium 15 20 17
Iron 26 000 47 000 34 000
Lanthanum 29 58 36
Lead 25 38 19
Lithium 19 35 21
Magnesium 15 000 17 000 12 000
Manganese 560 1100 720
Mercury 0.15 0.19 0.044
Molybdenum 0.90 1.1 0.70
Nickel 28 20 26
Phosphorus 1100 1300 1000
Potassium 20 000 23 000 22 000
Rubidium 66 100 68
Sodium 18 000 17 000 24 000
Strontium 330 320 400
Thallium 0.44 0.61 0.38
Uranium 1.7 2.3 1.5
Vanadium 58 97 78
Zinc 120 220 100

Organic compounds Total PCBS’ 0.12 0.069 0.034

PAHs Acenaphthene < 0.0050 <0.020 < 0.0050

Acenaphthylene 0.0088 <0.020 0.0068
Anthracene 0.020 <0.020 0.010
Benzo[a]anthracene 0.039 <0.020 0.021
Benzo[a]pyrene 0.040 <0.010 0.023
Chrysene 0.048 <0.020 0.026
Dibenzo[a,h]anthracen
e 0.010 0.0075 0.0040
Fluoranthene 0.069 <0.010 0.045
Fluorene 0.0090 <0.020 0.0050
2-Methylnaphthalene 0.0073 <0.030 <0.004
Naphthalene <0.010 <0.040 0.010
Phenanthrene 0.029 <0.020 0.023
Pyrene 0.058 <0.010 0.037

Other parameter Total organic carbon (%) 3.2 3.2 0.81

Source M. Pelletier, personal communication.

& The substances in bold are those for which qualitgria have been derived (Table 1). No qualifjeda have been defined for the other
substances.

® The values have been rounded to two significaitsd

P The values are total concentrations (measured aitaplete extraction of the sample, including shiea matrix, using hydrofluoric acid [HF]
or perchloric acid [HCIQ)).

9 The values of total polychlorinated biphenyls esgnt concentrations calculated for the sum oPB homologues.
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Chapter 5

Application of Sediment Quality Criteria

5.1

Physico-chemical Characterization of Sediment

Sediment sampling must be done in accordance wighSediment Sampling Guide for
Dredging and Marine Engineering Projects in the l%twrence Rive(Environment Canada
2002b; 2002c).

During characterization of the study site, sedirmeoan be segregated by delimiting
homogeneous contamination zones. These can themahaged separately based on their
degree of contamination.

Physico-chemical analyses must be done in accoedaitb theGuide de caractérisation
physico-chimique des sédimef@EAEQ, in preparation). It goes without sayingttithe
detection limits must be lower than the qualityesra.

The analytical parameters that must be routinelpsered in all sediment quality
assessment projects are listed in the table b&mly. major contaminants usually present in
sediments are shown. However, this list is notridste and, depending on the specific
conditions at the site or project, the manager adtd/one or more substances to the list. For
example, in an agricultural area, it may be adVesdab test for pesticides; in a sector
affected by an industrial effluent, it may be adbile to analyse the substances likely to be
present in the effluent and to bind to the parsicle

Analytical parameters selected for routine assessmeof sediment quality*

— Metals and metalloids (arsenic, cadmium, chromicopper, mercury, nickel, lead, zinc)
— Polycyclic aromatic hydrocarbons (PAHSs) (detallstin Appendix 5)

— Polychlorinated biphenyls (PCBs) (approach dbecrin Appendix 4)

— Gralin size distribution

— Total organic carbon (TOC)

— Petroleum hydrocarbons (£Cs0)

* No sediment quality criteria are available fonsof these parameters at present. Analyses ash@dess required to
facilitate interpretation of other results andfensure that the sediments meet soil qualityr@i{®eaulieu et al. 1999).
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All the chemical analysis results must be preseated dry weight basis and the certificates
of analysis provided, along with the complete cbtmazation reports, and include
information on the quality control aspects.

For the metals, with the exception of mercury, theality criteria apply to the total
extractable concentrations obtained by hot exwactf the sediments using a mixture of
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11.

nitric acid and hydrochloric acid (HCI/HN{ This method measures the theoretically
bioavailable metal fraction and not the residuataise(i.e. metals contained in the sediment
matrix). The total extractable concentration of coey, which is the basis of the quality
criterion, can be determined either through extwacbf the sediments with strong acids
(nitric, sulphuric and hydrochloric) in an oxidigirenvironment or through thermal and
chemical decomposition in a combustion furnace sTdfference in extraction approach
stems from the analytical considerations speaifimercury.

The concentration of total PCBs in sediments muestnieasured using a method that
adequately considers the actual profile of the P@Bshe sediments under study. The
recommended method étermination des biphényles polychlorés; méthaatecpngénere
(CEAEQ 2003) (Appendix 4). It is also strongly rewoended that the individual
concentrations of the 41 congeners and of the haogoel groups, in addition to the total
concentration, be indicated in the PCB analysi®ntsp When toxic effects similar to those
associated with dioxins and furans are suspectedulse of the possible presence of large
quantities of planar and coplanar PCBs in the sedim the analytical approach chosen
must also be capable of measuring both the corateris of total PCBs and the
concentrations of the 12 congeners for which 283TCDD toxicity equivalency factors
(TEFs) have been calculated for fish (Appendix 4).

In the case of dioxins and furans, the qualityecidt are expressed in toxic equivalents (TE)
calculated using the TEFs determined by the Wosdlth Organization (van den Berg et al.
1998) for fish (Appendix 1). When the measured eoti@ations are expressed using TEFs
that are different from those of the WHO, the tatahcentration of dioxins and furans

should be recalculated using the equivalency fagtoovided in Appendix 1.

In the case of nonylphenol and its ethoxylates, gbality criteria are expressed as toxic
equivalents calculated using the toxicity equivalefactors (TEFs) determined by Servos et
al. (2000) and adapted by Environment Canada (2002apdAdix 1). When the measured
concentrations are expressed using toxicity eqgen@l factors different from those of
Servos et al(2000), the total concentration of nonylphenol dsdethoxylates should be
recalculated using the equivalency factors in Apipen.

The quality criteria for toxaphene and for nonylpbleand its ethoxylates were calculated
assuming a total organic carbon (TOC) level of IPhese values can be corrected by
multiplying the value of the quality criterion blyg TOC percentage in the sediment sample
to be assessed, up to a maximum value of 10%. fitegi@ calculated for the other organic
compounds must not be adjusted based on the TO@rtq®ection 3.3.2).

For each of the three management contexts, thatyuaiteria define three classes of
contamination (Table 5). The presence of a singlestance that exceeds the quality
criterion is sufficient for sediments to be atttiba the highest class of contamination.
Sediments containing substances belonging to bt@kscl and class 2 are therefore
considered as belonging to class 2.

Dredged material requiring disposal should be medaagcording to the class to which it

t.

belongs and with respect for the principle joration of the
receiving _environment. Th class 2 sediments faylaid over class 2 or class
ediments, but not over class 1 sedi
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5.2 Application of Quality Criteria for the Prevemn of Sediment
Contamination

To prevent contamination of sediments by new inpfitsontaminants to a body of water (e.g.
industrial or urban discharges), the rare effeeelldREL) and the threshold effect level (TEL)
are the threshold values used to determine the geament framework (Table 5).

1. When, for all substances analysed, the concentr&iower than or equal to the REL (class
1), no action is required as the sediments areideresl to have no impact on the
environment.

2. However, mercury, PCBs, chlorinated dioxins andufig; dieldrin, DDT (+DDD+DDE) and
toxaphene are substances targeted for virtual méitici?. These persistent, bioaccumulative
and toxic substances (PBTS), even when not diretmikic to the species exposed,
accumulate in the environment, migrate and contatairall the compartments (water,
sediments, tissues), and eventually have delewrmfiects on species that have not been
tested (e.g. beluga whales, humans, terrestriamlafaund piscivorous fauna). Measures must
be adopted to avert any new additions of thesetanbss to the environment and to prevent
their spread, even if no quality criterion is exdee.

3. When, for one or more substances, the concentreioigher than the REL but lower than or
equal to the TEL (class 2), the probability tha¢ gtediments will have an impact on the
environment is low. However, monitoring measures/ tha implemented in order to keep
track of any changes in the situation over timarnlfincrease in levels is observed, it may be
necessary to conduct investigations to identify sbarce of contamination and assess the
environmental impact.

4. When, for one or more substances, the concentraitngher than the TEL (class 3), the
probability of observing adverse effects on bentligganisms increases with the
concentrations measured. If the concentration nmedsis also higher than the natural
concentration or the ambient level, the sourcesooftamination must be identified and, if
necessary, action targeting the parties respontkkn in order to stop the contamination.
To prevent new inputs of contaminants, additionalhsures may be planned for any new
facility likely to produce discharges that coulddeto an increase in concentrations above the
TEL or above the natural levels in zones of sedindeposition downstream, and sometimes
even upstreafnof the discharge point.

5.3 Application of Quality Criteria for the Managesnt of Dredged Sediment

The occasional effect level (OEL) and the frequefifiect level (FEL) are the threshold values
used to determine the management framework forggidediment (Table 5).

® Virtual elimination refers either to the totaingination of persistent, bioaccumulative and tostibstances in the
environment or to the suppression of the effecthe$e substances on the environment and the ¢eos{SLV
2000 1999).

® In the St. Lawrence River, reversals in currereation can result in contaminants being found neiash of the
point of discharge.

20 CRITERIA FOR THE ASSESSMENT OF SEDIMENT QUALITQUEBEC



Table 5

Overview of the three application frameworks for sdiment quality criteria in Quebec

Quality
criteria

Prevention of sediment contamination
caused by industrial discharges

Management of sediments resulting from
dredging operations*

Remediation of contaminated sites

5. FEL

Vv (ESS X NE85)

Biological effects frequently observed**

4. PEL

Vv (ESO 28 NE85)

3. OEL

V (ESO X NESO)

Biological effects
occasionally observed**

The probability of detecting adverse effects insesa
with the concentrations measured. Examine the

The probability of detecting adverse biological
effects is very high. Open-water disposal is

prohibited. The sediments must be treated or safe
contained.

Sediment contamination is considered a serioudgmobdentify
the sources and take action targeting the paggsonsible, if
applicable, in order to eliminate inputs of contaanits. Site
remediation is desirable. Biological assessmerdsldibe carried
out to determine the feasibility of a remediatioogess, set the
priorities for action and identify the environmdrgains. The
remediation target is the OEL or the ambient cotraéon.

The probability of detecting adverse biological
effects is relatively high and increases with the
concentration. Open-water disposal can only be

Identify the sources and take action targetingpirties
responsible, if applicable, in order to eliminatputs of
contaminants. Environmental studies may be nepetsa
supplement the evaluation of the contaminatiorgsssthe risk and
determine the remediation requirements. The rertieditarget is
the OEL or the ambient concentration.

considered a valid option if toxicity tests
demonstrate that the sediments will not adversely
affect the receiving environment and if the disposa

does not contribute to the deterioration of the
receiving environment.

problem: carry out investigations to identify the
source or sources of contamination and take action|
targeting the parties responsible in order to preae

increase in contamination or new inputs of
contaminants.

2. TEL

\ (E15 2 NESO)

1. REL

‘\, (E15 23 NElS)

Biological effects rarely observed**

The probability that the sediments will have an
impact on the environment is low. Monitoring
measures may be instituted in order to verify any
changes in the situation over time.

The sediments are considered not to have an impa
No action is required, except in the case whenethe
is a risk that persistent, bioaccumulative toxic
substances discharged in water bodies will
accumulate in sediments and in the tissues of

organisms.

The probability of detecting adverse biological
effects is relatively low. The sediments can be
disposed of in open water or may be used for othe
purposes, provided the disposal does not contribu
to the deterioration of the receiving environment.

Although adverse biological effects may be anti@gathe level
of contamination alone does not justify initiatiohsite
remediation

I:I Class 1 I:I

Class I:I Class 3

REL: rare effect level; TEL: threshold effect lev@IEL: occasional effect level; PEL: probable effiewvel; FEL: frequent effect level.

* Management of dredged sediment: The sediment geaneant option that is chosen must be the one Withetast impact on the environment and economidedigible, regardless of the degree of sedimertaatnation. When
studying options, consideration should be givebeneficial use of sediments in terrestrial or aiguatvironments.

** According to CCME (1995).



1.

2.

3.

4.

The option chosen for the management of dredgedrimabimust be the one that entails the
least impact on the environment, while also beiognemically feasible, whatever the level
of sediment contamination. The disposal of dredgederial must not contribute to the
deterioration of the receiving environment. Duridigedging operations or the disposal of
dredged material, measures must be taken to miaiamy increase in the concentration of
suspended solids. In addition, when studying mamagé options, possibilities for the
beneficial use of sediments in terrestrial or aguanvironments must be considered.
Disposal and the beneficial use of sediments iresénial environments are governed by the
Soil Protection and Contaminated Sites Rehabihitafolicy (Beaulieu et al. 1999), as well
as by the applicable legislative and regulatorynizavork.

When, for all the substances analysed, the coratéoniris lower than or equal to the OEL
(class 1), the probability of observing adverseldgral effects is relatively low. The

sediments can therefore be disposed of in openrwatased for other purposes, provided
that their disposal does not contribute to the rdmition of the receiving environment
(physical impacts of sediment).

When the concentration of a contaminant is highantthe OEL but lower than or equal to
the FEL (class 2), the probability of observing edbe biological effects is relatively high
and increases with the concentration. Open-watgpodial of dredged sediments can be
considered a valid management option only wher@eardoxicity tests have demonstrated
that the sediments will not adversely affect theergng environment. Managers must also
ensure that the disposal does not contribute tal¢herioration of the receiving environment.
Proper characterization of the disposal site isiireq, for instance, prior to authorization of
open-water disposal. The concentrations in drecgattrial must be lower than or equal to
the levels measured in sediments at the disposal lsastly, steps should also be taken to
ensure that the chosen disposal site minimizesadverse impacts on the environment and
on related activities.

When the concentration of a substance is greatar tihe FEL (class 3), the probability of
observing adverse biological effects is very higimd open-water disposal of dredged
material is prohibited. The sediments must insteatreated or safely contained.

5.4 Application of Quality Criteria for the Managesnt and Remediation of

Contaminated Sites

For contaminated site remediation, the probableceffevel (PEL) and frequent effect level
(FEL) are the threshold values used to determiaarthnagement framework (Table 5).

1.

22

When, for all contaminants, the concentration iwdothan the PEL (class 1), there is no
need to initiate a remediation process, unless ldpreent projects or dredging work is
planned at the site or such a process is requiyedamagement considerations other than the
protection of aquatic life.

When the concentration of a contaminant is highantthe PEL but lower than or equal to
the FEL (class 2), the advisability of undertakiag remediation process should be
determined. Other measures, such as toxicity tasth biological field studies, may be
necessary to supplement the analysis of the contdion and assess the risk associated with
the contaminated sediments. Taking action to elteinhe sources must be considered.
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3. When the concentration of a contaminant exceed&fie(class 3), sediment contamination

is considered a serious problem. Actions must bBentato eliminate the sources of
contamination. Remediation of the site is desiraBlelogical assessments should be carried
out to determine the feasibility of a remediationgess, set priorities for action, and identify
the environmental gains.

Generally, the OEL or, depending on the case, thigient concentration (Section 5.5) is the
remediation level to be attained. However, the miaten target may also be determined on
a case-by-case basis, using appropriate supplelhrstnthes. Determining the remediation
threshold may require (1) an analysis of sedimencity (using toxicity tests); (2)
determination of the ambient or natural concerdretiin sediment, as applicable; (3) an
analysis of the risk to human health and to tharenment; (4) determination of the volume
of contaminated sediments; and (5) an analysi@fteéchnical and economic feasibility of
the various remediation scenarios considered.

5.5 Consideration of Natural and Ambient Levels

1.

The quality criteria can be used in combinationhwitie natural levels measured at a given
site. When the quality criterion for a chemical stance is lower than the natural

concentration for a given area, the quality criterthen takes the place of the natural
concentration, except in the case of the frequfattelevel (FEL). Table 3 provides values

considered as representative of the natural lamwetlke fluvial section of the St. Lawrence.

However, these values apply only to the fluvialtieec If there are no data for a given sector
or watercourse, the natural concentrations for @anmore contaminants can be determined
by analysing representative samples from the amdarstudy (see point 6, below).

As indicated in point 1 of this section, the nakuwancentrations measured in postglacial

clays (Table 3) can be used, provided that thensenulis being characterized have been
identified as postglacial clays. It is thereforecessary to demonstrate that the sediments
concerned have the characteristics of postglatagsqdAppendix 2).

In the case of chromium, the natural concentratiarthe postglacial clays (Table 3) in the
fluvial section of the St. Lawrence can be highemtthe FEL. In the context of managing
dredged material, when the measured concentraficohromium exceeds the FEL, this then
becomes the threshold level triggering toxicitytgeprovided that the sediments have been
identified as postglacial clays (Appendix 2).

The natural pre-industrial concentration can besm@red as a concentration that is usually
tolerated by benthic organisms living in those ¢bods. In a prevention context, if there are
no criteria for a given substance, the naturalipdestrial level, if properly determined for
the area under study, can be used as the threstietd level (TEL).

During remediation of contaminated sites, the amtbieoncentrations can be used to
determine the remediation target to be attained.

If, for management purposes, the natural or amlwententrations must be determined for a
specific area, the number of samples collected mmeisufficient to ensure that they are fairly
representative of the environment. The samplingyn praust cover a large enough area to
ensure that the samples are representative of tcetgional concentrations in areas not
influenced by a point source of contamination. Tiuenber of samples required can vary
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with the size of the study area; however, at léastsamples must be analysed. The 75th
percentile of the distribution of values shouldused to determine the maximum ambient or
natural level& In the characterization reports, the work done: the results obtained must be
clearly described so that the representativeneseofalues chosen to determine the ambient
and/or natural concentrations can be assessed.

" The 75th percentile of the value distribution setected as a precautionary measure in situatibesena small
number of samples are likely to be collected.
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Chapter 6

Conclusion

The sediment quality criteria are now in effectQmebec and must be applied to all projects
requiring an assessment of sediment quality as gitéhe province. The use of these criteria will
provide a means of ensuring that the recommendedhbld values meet management needs. It
will therefore be important to verify that the osmmnal effect level (OEL) is indeed an adequate
threshold value for triggering toxicity tests. Thwdl require the analysis of a large number of
toxicity test results.

Other tools will complement and/or validate the isesht quality criteria. For instance, the
development of an ecotoxicological assessment approwhich is currently the subject of a
joint federal/provincial study, addresses suchdssas the analysis of the predictive capability of
various assessment tools, including toxicity tdsispgical field studies and quality criteria. The
results of this study will help to validate the a@xy of the quality criteria in determining the
management thresholds identified for each of theetimanagement contexts.

Advances in our understanding of natural concepntiatin the pre-industrial sediments and
postglacial clays of the St. Lawrence (Saulnier @agnon 2003; 2006) allow the quality criteria
to be applied in a way that also takes into accthmspecific geological characteristics of the St.
Lawrence. As well, the information available on aamb levels of substances in the fluvial lakes
of the St. Lawrence (Pelletier and Lepage 2002lefed 2003, unpublished data) makes it
possible to set realistic remediation objectivescfintaminated sites.

Further knowledge acquisition is essential to aqwreased understanding of the effects of
contaminants on the aquatic environment and foeecihg sediment quality assessment. It will
also be important to document the contribution @flanar PCBs to the dioxin- and furan-type
toxicity that affects benthic organisms. In additiguality criteria need to be developed for new
emerging substances, such as polybromodipheny$e(®8DE) and endocrine disruptors, and
toxicity tests proper to them are required.

At this stage, the structure of the sediment mamagé process in Quebec has been strengthened
as a result of the review process and the adopfiolew sediment quality criteria. New research
and development work, such as the creation of atoricological assessment process, will
undoubtedly support the continued acquisition afwiedge and management tools in the area
of dredging and sediments. Also, more informatian tbe natural and ambient levels of
substances in the marine environment is requirdaetter take account of the particularities of
this environment in the sediment management process

CRITERIA FOR THE ASSESSMENT OF SEDIMENT QUALITQUEBEC 25



References

BEAULIEU, M., R. DROUIN, and P. VEZINA. 1999Politique de protection des sols et de
réhabilitation des terrains contaminés Publications du Québec. 124 pages.
http://www.mddep.gouv.qc.ca/sol/terrains/politiqondéx.htm

BELLES-ISLES, J-C., and J.-P. SAVARD. 20@8aboration d’'un plan de travail pour la révisiores
critéres intérimaires de la qualité des sédimentdéermination des bruits de fond de certains
métaux et HAP dans le Saint-Laurent. Volet 1. Rlantravail du processus de révision des
criteres de qualité. Volet 2. Evaluation de la peehce des bruits de fonReport submitted to
Environment Canada by the Groupe conseil Génivar in

CCME — CANADIAN COUNCIL OF MINISTERS OF THE ENVIROMENT. 2002a. Canadian
Sediment Quality Guidelines for the Protection afuétic Life: Summary Table, i€@anadian
Environmental Quality Guideline4999, Winnipeg, Manitoba.

CCME. 2002b. Canadian Sediment Quality Guidelirmstlie Protection of Aquatic Life: Nonylphenol
and its Ethoxylates, i@anadian Environmental Quality Guideling999. Winnipeg, Manitoba.

CCME. 2002c. Canadian Sediment Quality Guidelirastlie Protection of Aquatic Life: Toxaphene,
updated iCanadian Environmental Quality Guidelind®999. Winnipeg, Manitoba.

CCME. 2001a. Canadian Sediment Quality Guidelirmesttie Protection of Aquatic Life: Introduction,
updated irCanadian Environmental Quality Guidelin£999. Winnipeg, Manitoba.

CCME. 2001b. Canadian Tissue Residue GuidelinethioProtection of Wildlife that Consume Aquatic
Biota: Summary Table, inCanadian Environmental Quality Guidelined999. Winnipeg,
Manitoba.

CCME. 1999, and updates in 2001, 2002, 2003 and.ZD&nadian Environmental Quality Guidelines
Winnipeg, Manitoba.

CCME. 1995 Protocol for the Derivation of Canadian Sedimenta@ity Guidelines for the Protection of
Aquatic Life CCME EPC-98E. Prepared by Environment Canadajelines Division, Technical
Secretariat of the CCME Task Group on Water Qu&itydelines, Ottawa. (Reprinted in Chapter
6 of theCanadian Environmental Quality Guidelines

CEAEQ - CENTRE DEXPERTISE EN ANALYSE ENVIRONNEMEMILE DU QUEBEC. In
preparation. Guide de caractérisation physico-ajumides sedimentCentre d’expertise en
analyse environnementale du Québec, Ministéere dieloppement durable, de 'Environnement
et des Parcs.

CEAEQ. 2006.Terminologie recommandée pour I'analyse des métMiristere du Développement
durable, de 'Environnement et des Parcs du Quét3pages.

CEAEQ. 2003Détermination des biphényles polychlorés; méthatecpngénereMA. 400 — BPC 1.0,
Ministere de I'Environnement du Québec. 45 pages.

CEAEQ. 2002.Détermination des dibenzo-para-dioxines et dibamaofes polychlorés; Dosage par
chromatographie en phase gazeuse couplée a unrepette de masseMA. 400 - D.F. 1.0.
Ministere de I'Environnement du Québec. 42 pages.

CEAEQ. 2001 Détermination des biphényles polychlorés (congé&)éi@osage par chromatographie en
phase gazeuse couplée a un spectrométre de mdsagerésolutionMA. 400 - BPCHR 1.0.
Ministere de I'Environnement du Québec. 43 pages.

26 CRITERIA FOR THE ASSESSMENT OF SEDIMENT QUALITQUEBEC



EC and MDDEP - ENVIRONMENT CANADA and MINISTERE DUDEVELOPPEMENT
DURABLE, DE L’'ENVIRONNEMENT ET DES PARCS. 200&eference DocumentCriteria
for the Assessment of Sediment Quality in QuebedcAgpplication Frameworks: Prevention,
Dredging and Remediation

ENVIRONMENT CANADA. 2002a.Canadian Environmental Quality Guidelines for Nahdnol and
Its EthoxylatesScientific Supporting Document (water, sedimerd aoil). Environment Canada,
Environmental Quality Branch, National Guidelinesl &tandards Office. Ottawa.

ENVIRONMENT CANADA. 2002b.Sediment Sampling Guide for Dredging and Marine ig@gying
Projects in the St. Lawrence River. Volume 1: PlagnGuidelines Environment Canada,
Environmental Protection Branch, Quebec Region,hmelogical Innovation and Industrial
Sectors Section.

ENVIRONMENT CANADA. 2002c.Sediment Sampling Guide for Dredging and Marine ig®gying
Projects in the St. Lawrence Riv&folume 2: Field Operations ManuaEnvironment Canada,
Environmental Protection Branch, Quebec Region,hmelogical Innovation and Industrial
Sectors Section.

ENVIRONMENT CANADA. 1999a. Canadian Sediment Quality Guidelines for Polychiated
Biphenyls (PCBc) and Arochlor 1258cientific Supporting Document. National Guidesnand
Standards Office, Environmental Quality Branch, iEmwment Canada. Ottawa.

ENVIRONMENT CANADA. 1999b.Canadian Sediment Quality Guidelines for Cadmiuientific
Supporting Document. Environment Canada, Nationalid€ines and Standards Office,
Environmental Quality Branch. Ottawa.

GAGNON, M., P. BERGERON, J. LEBLANC, and R. SIROIMN98.Synthéese des connaissances sur les
aspects physiques et chimiques de I'eau et demeéts de I'estuaire moyen du Saint-Laurent
Technical Report on Priority Intervention Zones 16,and 17. Fisheries and Oceans Canada —
Laurentian Region, Fish Habitat and Environmentaéigce, Maurice Lamontagne Institute, and
Environment Canada — Quebec Region, Environmertas€&rvation, St. Lawrence Centre.

GOBEIL, C. 1991. Inventaire de la contamination dédiments du chenal Laurentien : Données sur les
métaux et les éléments nutritifSBanadian Data Report of Fisheries and Aquatic Steer854: iv
+ 63 pages.

GOBEIL C. and L. BEAUDIN. 2000. Variations natuedldes teneurs en métaux dans les sédiments du
chenal Laurentienin Groupe de travail sur la gestion intégrée du draget des sédiments
(GTGIDS), 2001 Atelier technique sur la révision des critéres iirt&ires pour I'évaluation de
la qualité des sédiments du Saint-Laurent. comeiehu final.

JAAGUMAGI, R. 1990a.Development of the Ontario Provincial Sediment @uaGuidelines for
Arsenic, Cadmium, Chromium, Copper, Iron, Lead, lyiarese, Mercury, Nickel and Zin&ater
Resources Branch, Watershed Management Sectigrage® + appencides.

JAAGUMAGI, R. 1990bDevelopment of the Ontario Provincial Sediment @uabuidelines for PCBs
and the Organochlorine Pesticiddeport prepared for the Ontario Ministry of thevEEonment.

LAVOIE, J. and M. PELLETIER. 2003Vérification de la toxicité des argiles postglaces présentes
dans le fleuve Saint-Laurertechnical Report prepared by Procéan Environnenmen (SNC
Lavalin) for the Environmental Protection BrancimyEonment Canada. 89 pages + appendices.

LECLERC, J. 2000Saltwater Fishes of the St. Lawrence: Salinity Geatl in DESGRANGES, J.-L.
and J.-P. DUCRUC (eds.), 20@®liodiversity Portrait of the St. Lawrenc€anadian Wildlife
Service, Environment Canada, Quebec Region, anéctivn du patrimoine écologique,

CRITERIA FOR THE ASSESSMENT OF SEDIMENT QUALITQUEBEC 27



Ministére de I'Environnement du Québec. Online at:
http://www.qc.ec.gc.ca/faune/biodiv/ien/fish/sw_sityi.html

LONG, E.R. and L.G. MORGAN. 1990The Potential for Biological Effects of Sedimental
Contaminants Tested in the National Status and dseRrogram. National Oceanic and
Atmospheric Administration Technical Memorandum NOBJIA 52. Seattle, Washington.

MACDONALD, D.D. 1994.Approach to the Assessment of Sediment Qualityomda Coastal Waters.
Vol. 1. Prepared for the Florida Department of EnvironmaknProtection. MacDonald
Environmental Sciences, Ltd. Ladysmith, B.C. 128gsa

MACDONALD, D.D. 1993. Development of an Approach to the Assessment om&etdQuality in
Florida Coastal Waters. Vols. 1 and Prepared for the Florida Department of Environtaken
Protection. MacDonald Environmental Sciences, Latlysmith, B.C.

MACDONALD, D.D., C.G. INGERSOLL, and T.A. BERGER0QO. Development and evaluation of
consensus-based sediment quality guidelines forshivater ecosystemsArchives of
Environmental Contamination and Toxicolog§: 20—31.

NEFF, J.M., J.Q. WORD, and T.C. GULBRAINSEN. 198Recalculation of Screening Level
Concentrations for Nonpolar Organic Contaminants harine SedimentsFinal Report
Washington, D.C. USEPA Region V. 18 pages.

NEFF J.M., D.J. BEAN, B.W. CORNABY, R.M. VAGA, T.GGULBRAINSEN, and J.A. SCANLON.
1986. Sediment Quality Criteria Methodology Validation:alCulation of Screening Level
Concentrations from Field DataNork Assignment 56, Task IV. SCD No. 7. WashimgtD.C.
USEPA Criteria and Standards Division, Office oftéfeRegulations and Standards. 225 pages.

OLF - OFFICE QUEBECOIS DE LA LANGUE FRANGCAISE. 2002Grand dictionnaire
terminologique (online). Updated April 19, 2006; consulted May 102006.
http://www.oqglf.gouv.qc.ca/ressources/gdt.html

OUELLET, Y. and J. CERCEAU. 1976/élange des eaux douces et salées du Saint-Laurectiation
et salinité Les Cahiers de Centreau. Université Laval, Québépages + appendices.

PELLETIER, M. 2006. GISE sediment database, online at:
http://www.qgc.ec.gc.ca/geo/sed/sed001_e.html). iBnment Canada, Science and Technology
Branch, Water Quality Monitoring and Surveillance.

PELLETIER, M. and S. LEPAGE. 200&5patial and Temporal Evolution of the Geochemising
Sedimentary Processes of Lake Saint-Francois ir2@tie Century Environment Canada, Quebec
Region, St. Lawrence Centre. 83 pages + appendices.

PELLETIER, M. and B. LONG. 199volution sédimentologique d’une partie de I'estegluvial du
Saint-Laurent : Lac Saint-Pierre a Grondiné3ollection Environnement et Géologie, volume 11
(44), pp. 615-636, iIBymposium on the Saint-Lawrence: A River to beaieel.D. Messier, P.
Legendre, and C.E. Delisle, eds. Association defoBistes du Québec.

PWGSC — PUBLIC WORKS AND GOVERNMENT SERVICES CANADA996.Atelier technique sur
I'interprétation des criteres intérimaires pour Valuation de la qualité des sédiments du St-
Laurent.Report on the workshop held in Sainte-Foy, Quebed;ebruary 20, 1996.

SAULNIER I. and C. GAGNON. 2006. Background levefsmetals in St. Lawrence River sediments:
Implications for sediment quality criteria and eovimental managementintegrated
Environmental Assessment and Manager@eth6-141.

SAULNIER 1. and C. GAGNON. 2003Concentrations naturelles et spéciation chimique detaux
dans les sédiments du Saint-Laurent : Incidencel’application des critéres et la gestion des

28 CRITERIA FOR THE ASSESSMENT OF SEDIMENT QUALITQUEBEC



sedimentsReport submitted to the Working Group on the driéed Management of Dredging
and Sediments. St. Lawrence Action Plan — Navigaf@mponent. Environment Canada,
Quebec Region, St. Lawrence Centre. 10 pages.

SERVOS, M.R., R.J. MAGUIRE, D.T. BENNIE, H.B. LEEP.M. CURETON, N. DAVIDSON, R.
SUTCLIFFE, and D.F.K. RAWN. 2000Canadian Environmental Protection Act Priority
Substances List supporting document for nonylpheatl its ethoxlylates. Unpublished.
Environment Canada, Commercial Chemicals Evalo&i@nch,. Ottawa.

SLC and MENVIQ — ST. LAWRENCE CENTRE and MINISTERBE L’ENVIRONNEMENT DU
QUEBEC. 1992.Interim Criteria for Quality Assessment of St. Lamce River Sediment
Environment Canada, Conservation and Protectioep@u Region. Montréal.

SLV 2000 — ST. LAWRENCE VISION 2000. 199%he Virtual Elimination of Toxic, Persistent and
Bioaccumulative Substances: A Reality with St. kese Vision 20Q0Fact Sheet. Environment
Canada and Ministere de I'Environnement du QuéReébec. 4 pages.

VAN DEN BERG, M., L. BIRNBAUM, B.T.C. BOSVELD, B. RUNSTROM, P. COOK, M. FEELEY,
J.P. GIESY, A. HANBERG, R. HASEGAWA, S.W. KENNEDY,. KUBIAK, J.C.LARSEN,
F.X. ROLAF VAN LEEUWEN, A.K.D. LIEM, C. NOLT, R.EPETERSON, L. POELLINGER,
S. SAFE, D. SCHRENK, D. TILLITT, M. TYSKLIND, M. Y@NES, F. WAERN, and T.
ZACHAREWSKI, 1998. Toxic equivalency factors (TEF&)r PCBs, PCDDs, PCDFs for
humans and wildlifeEnvironmental Health Perspectivé66: 775-792.

WGIMDS - Working Group on the Integrated ManagemehtDredging and Sediments. 2004.
Orientation Document on Integrated Management oédDing on the St. Lawrence River.
Supporting Documerfor the Sustainable Navigation Strateglythe Navigation Consensusilding
Committee St. Lawrence Action Plan — Navigation Component.

WGIMDS. 2001. Atelier technique sur la révision des criteresémnaires pour I'évaluation de la
qualité des sédiments du Saint-Laurent - Comptduefinal. St. Lawrence Action Plan —
Navigation Component.

CRITERIA FOR THE ASSESSMENT OF SEDIMENT QUALITQUEBEC 29






Appendices

CRITERIA FOR THE ASSESSMENT OF SEDIMENT QUALITQGURBEC

31



Appendix 1 Toxicity Equivalency Factors (TEFs)

Chemical TEF
2,3,7,8-TCDD * 1
1,2,3,7,8-PCDD * 1
1,2,3,4,7,8-HCDD * 0.5
1,2,3,6,7,8-HCDD * 0.01
1,2,3,7,8,9-HCDD * 0.01
1,2,3,4,6,7,8-HCDD * 0.001
OCDD * 0.0001
2,3,7,8- TCDF * 0.05
1,2,3,7,8-PCDF * 0.05
2,3,4,7,8-PCDF * 0.5
1,2,3,4,7,8-HCDF * 0.1
1,2,3,6,7,8-HCDF * 0.1
1,2,3,7,8,9-HCDF * 0.1
2,3,4,6,7,8-HCDF * 0.1
1,2,3,4,6,7,8-HCDF * 0.01
1,2,3,4,7,8,9- HCDF * 0.01
OCDF * 0.0001
Nonylphenol (NP) ** 1
Nonylphenol ethoxylate (NEO; 1< n< 8) ** 0.5
Nonylphenol ethoxylate (NPEO; n > 9) ** 0.005
Nonylphenol ethoxycarboxylate (NP1EC) ** 0.005
Nonylphenol ethoxycarboxylate (NP2EC) ** 0.005
Octylphenol (OP) ** 1
Octylphenol ethoxylate (OfEO; 1<n< 8) ** 0.5
Octylphenol ethoxylate (QTEO; n > 9) ** 0.005
Octylphenol ethoxycarboxylate (OP1EC) ** 0.005
Octylphenol ethoxycarboxylate (OP2EC) ** 0.005

* WHO (van den Berg et al. 1998) TEFs for congemémioxins and furans (PCDD/PCDF) in fish.
**  TEFs for nonylphenol and its ethoxylates adaptedn Servos et al. (2000) by Environment Canad®?2).
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Appendix 2 Identifying the Characteristics of Posagial Clays

The clay deposits of the Champlain Sea are notgddlte recent sedimentary deposits of the St.
Lawrence River. They were laid down far earlieaimarine context that differs completely from
the current fluvial context. However, because dtdra and bank erosion, and inputs from the
tributaries that follow, in part, a sinuous flowtjgan over these clay deposits, they contribute
significantly to the supply of fine particles incent sediments (Pelletier and Lepage 2002).

The following are some of the physical and chemjcaperties used to differentiate postglacial
clay from pre-industrial sediments and from rec&@iments:

» Postglacial clay is bluish-grey in colour, very esive, frequently bedded and does not erode easily.
The clay is generally compact to plastic, with klflecks and/or varve(Lavoie and Pelletier 2003).

» The particle size distribution of postglacial clagludes a high percentage of fine silts and clays.

Particle size distribution of postglacial clays

80 Sand Silt Clay

25

20

15

Frequency (%)

10

1 2 3 4 5 6 7 8 9 10 11
Phi scale

Source:Adapted from Lavoie and Pelletier 2003.

8 Seasonal patterned lacustrine deposit from algeiag lake. Each varve is an annual deposit coepas a layer
of light-coloured material, low in organic mattdeposited by inflows of sediment-laden meltwatethig spring
and summer, and a dark layer, rich in organic matiposited in the fall and early winter (OLF 2p02
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90% pelite (Pelletier and Long 1990).

2003 and 2006).

The clay generally contains 0 to 0.5% organic casl@o5% to 1.0% carbonate and, finally, 75% to

The aluminum concentration is higher in postglacialys than in pre-industrial sediments and the
mineral composition of postglacial clays differsrfr that of recent sediments (Saulnier and Gagnon

Confidence interval Mineral Postglacial Pre-industrial
70 T Contaminated f P R?=0.8871 fractions marine sediments of the
60 L sediments . _ clays t St. Lawrence 2
(% weight)
50 + @ Quartz 13.5 50-70
P Feldspars 24 20-30
g 40 ¢ (2Cu-P B Mica 17 <1
g Clay minerals 24 Trace
30 + Amphiboles 6.5 2-3
Pyroxenes <1 <1
20 + Natural Carbonates 7
sediments Oxides 15 1-3
10 ¢ ’ Iron sulphides 2.25 Trace
Accessory minerals Trace Trace
0 ' ‘ i Organic matter 0.1-2.0 0.01-2.6 3
0 20 000 40 000 60 000
1 Lepage and Richard (unpublished ).
Total recoverable Al (ppm) 2 Loring 1976.
3 Saulnier and Gagnon (2006).

Cu-PGMC: copper concentrations in postglacial neadiays

Cu-PI: copper concentrations in pre-industrial setts

e The microfauna in the postglacial clay is typichltee saltwater and cold-water lake environments

formed during deglaciation (Lavoie and Pelletie@2)
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Appendix 3

Upper Limits of Natural and Ambient Letgan the Laurentian Channel,
Expressed in Total Concentrations

Natural levels (mg/kg) Ambient levels (mg/kg)
Substance Estuary Gulf Estuary Gulf
Arsenic 5 5 15
Cadmium 0.2 0.35 0.13 0.2
Chromium 100 120
Copper 16 30 25 30
Lead 15 20 30 30
Mercury 0.02 0.02 0.15 0.07
Nickel 50 55 50 55
Silver 0.05 0.07 0.15 0.07
Zinc 110 110 150 120

Note: The data are derived from studies by Gobeil 12900). The sampling dates vary from stationt&ien but generally
extend from 1987 to 1996.
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Appendix 4 Recommended Approach for the Analysi$?ofychlorinated Biphenyls
(PCBs)

The toxicological data from the Biological Effeddatabase for Sediments (BEDS), used to
calculate the quality criteria for PCBs, were takieom various studies and a number of
analytical methods were most likely used to detearthe PCB concentrations (Environment
Canada 1999). In this context, the selection chredytical approach for determining total PCBs
and for comparing them to the quality criteria praed in this document must be based on
considerations of analytical accuracy. Furthermbmh Environment Canada and the Quebec
Ministere du Développement durable, de I'Environeain et des Parcs recommend that total
PCBs be determined using a method based on theurseaant of an assortment of congeners
representative of what is typically observed inisrmental samples and on the sum of the
concentrations of the various homologue groupsGB$

Consequently, it was decided to select an analyapproach for total PCBs based on the
analysis of 41 congeners (Table A4.1), i.e. the EBA “congener method’Détermination des
biphényles polychlorés; méthode par congén@C&AEQ 2003). In fact, compared to the
analytical approach for total PCBs based on thentifiation of Arochlor mixtures, the
approach based on the quantification of congeneds mologue groups is more accurate,
especially when the Arochlor patterns are alteesdis almost always the case in situations of
sediment contamination. In addition, most laboiatoithat provide PCB analysis services in
Quebec already use this new approach for quangfiyptal PCBs.

Moreover, since some PCB congeners produce toXectsfsimilar to those associated with
dioxins and furans, in certain situations, the CBRongeners for which 2,3,7,8-TCDD toxicity
equivalency factors (TEFs) are available (Table2A4hould be analysed. In these cases, the
analytical approach selected for PCBs must be dadlzietermining both the concentrations of
total PCBs and the individual concentrations of i2econgeners with TEF. A high-resolution
PCB quantification method must then be used, ssdine@ CEAEQ’s (2001pétermination des
biphényles polychlorés (congéneres), dosage pasrohtographie en phase gazeuse couplée a
un spectrométre de masse a haute résolutitowever, a slight modification must be made to
the step of fractionation on an alumina column ideo to separately determine total PCBs and
the 12 congeners with TEFs. Additional information this subject can be found in the
CEAEQ’s method for analysing chlorinated dioxinsl émrans (CEAEQ 2002).

After correction based on their respective TEFs,ahalytic results for these 12 PCB congeners
will be compared to the quality criteria for diogiand furans, while the analytic results for total
PCBs will be compared to the quality criteria fotal PCBs.
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Table A4.1 List of the 41 PCB congeners analyseding the congener method

Congener 2,3,7,8-TCDD
Homologue group IUPAC No. Substitution position TEF
Trichlorobiphenyls 17 2,2',4-PCB
18 2,2',5-PCB
28 2,4,4-PCB
31 2,4’ 5-PCB
33 2',3,4-PCB
Tetrachlorobiphenyls 44 2,2’,3,5-PCB
49 2,2',4,5-PCB
52 2,2',5,5-PCB
70 2,3,4',5-PCB
74 2,4,4' 5-PCB
Pentachlorobiphenyls 82 2,2',3,3',4-PCB
87 2,2,3,4,5-PCB
95 2,2",3,5,6-PCB
99 2,2',4,4' 5-PCB
101 2,2,4,55-PCB
105 2,3,3,4,4-PCB X
110 2,3,3,4",6-PCB
118 2,3,4,4' 5-PCB X
Hexachlorobiphenyls 128 2,2',3,3,4,4-PCB
132 2,2',3,3,4,6-PCB
138 2,2,3,4,4,5-PCB
149 2,2',3,4,5',6-PCB
151 2,2",3,5,5,6-PCB
153 2,2',4,4'55-PCB
156 2,3,3,4,4,5-PCB X
158 2,3,3,4,4,6-PCB
169 3,3,4,4',5,5-PCB X
Heptachlorobiphenyls 170 2,2",3,3,4,4 5-PCB
171 2,2",3,3,4,4",6-PCB
177 2,2',3,3,4',5,6-PCB
180 2,2",3,4,455-PCB
183 2,2",3,4,45",6-PCB
187 2,2",3,4,5,5,6-PCB
191 2,3,3,4,4.5",6-PCB
Octachlorobiphenyls 194 2,2',3,3,4,4,55-PCB
195 2,2',3,3,4,4',5,6-PCB
199 2,2',3,3,4,5,5,6'-PCB
205 2,3,3,4,4,55,6-PCB
Nonachlorobiphenyls 206 2,2",3,3,4,4,55,6-PCB
208 2,2",3,3,4,5,5,6,6-PCB
Decachlorobiphenyl 209 2,2',3,3,4,4'5,5,6,6'-PCB
Source CEAEQ 2003.
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Table A4.2  Toxicity equivalency factors (TEFs) forthe PCB congeners generating toxic effects
similar to those associated with dioxins and furans

PCB congeners TEFs for fish*

Non-ortho (planar):
PCB-77 0.0001
PCB-81 0.0005
PCB-126 0.005
PCB-169 0.000 05

Mono-ortho (coplanar):
PCB-105 < 0.000 005
PCB-114 < 0.000 005
PCB-118 < 0.000 005
PCB-123 < 0.000 005
PCB-156 < 0.000 005
PCB-157 < 0.000 005
PCB-167 < 0.000 005
PCB-189 < 0.000 005

*Data taken from van der Berg et al. 1998.
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Appendix 5 List of Polycyclic Aromatic Hydrocarborf®AHSs) to be Routinely Analysed

PAH

Quality criteria (tables 1 and 2)

Acenaphthene

Acenaphthylene

Anthracene

Benzo[a]anthracene

XX X[ X

Benzo[b]fluoranthene

Benzo[j]fluoranthene

Benzo[K]fluoranthene

Benzo[c]phenanthrene

Benzo[g,h,ilperylene

Benzo[a]pyrene

Benzo[e]pyrene

Chrysene

Dibenzo[agh]anthracene

Dibenzo[a,h]pyrene

Dibenzo[a,ilpyrene

Dibenzo[a,l]pyrene

7,12-Dimethylbenzo[a]anthracene

1,3-Dimethylnaphthalene

Fluoranthene

Fluorene

XX

Indeno[1,2,3-cd]pyrene

3-Methylcholanthrene

1-Methylnaphthalene

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

XX | XX

2,3,5-Trimethylnaphthalene
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