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ABSTRACT

This report describes sediment and biota quality in the St. Clair River; identified by the

» International Joint Commission as an ‘Area of Concern’ due to habitat, water, and sediment
quality issues. Elevated levels of mercury and other contaminants in the sediment and
subsequent detrimental effects on the benthic biota have been identified in parts of the St. Clair
River. As part of the GL2020 Action Plan, site assessments in the St. Clair River were made
using BEAST (Benthic Assessment of Sediment) methodblbgy. BEAST methodology involves
the assessment of sediment quality based on a multivariate technique using data on benthic
invertebrate communities, the functional responses of laboratory organisms in sediment toxicity
tests, and the physical and chemical attributes of the sediment and overlying water. Data from
test sites are compared to biological criteria developed for the St. Clair River and Laurentian
Great Lakes (revised BEAST model). The bioavailability of sediment mercury and its potential
for effects on fish and wildlife thi'ough biomagnification was also assessed. This involved (a)
analysis of the relationships of mercury concentrations in resident benthic invertebrates to those
in sediment, and (b) predictions of conéentrations of methyl mercury in representative consumers
of benthic invertebrates and their predators using screening-level trophic transfer models. Sample
sites were located mainly in upper reach of the river, extending from an area adjacent to the
industrial sector to downstream of Stag Island. Locations upstream and downstream of this area

were also sampled.

In September 2001 and 2004, sediment, overlying water, the benthic invertebrate community and .

resident invertebrate tissue samples (chironomids, oligochaetes) were collected from a total of 26
sites. Samples were énalyze_d for total and methyl mercury concentrations and a series of
physico-chemical variables in the sediment and overlying water. Benthic community
composition and sediment toxicity were assessed and compared to reference site data. Mercury
concentrations in sediment and invertebrates were compared to concentrations in upstream
reference sites. Relationships between mercury in each invertebrate taxon and mercury in
sediment were evaluated by. regression analysis. Physico-chemical sediment and water variables
were included as additional predictors. Concentrations of methyl mercury in the tissues of fish

and wildlife receptors (White Sucker, Yellow Perch, Walleye, Great Blue Heron, Mink) were

.



predicted by multiplyihg measured body concentrations in the resident invertebrates by relevant
biomagnification factors obtained from a review of pre-existing studies.

Total sediment mercury concentrations ranged from 0.01 to 49 pg/g dry weight with the highest
concentrations observed adjacent to ihp industrial sector. Mercury sediment concentrations at
almost all sites were greater than concentrations upstream of the industrial zone. There was no
evidence of severe sediment toxicity. Benthic communities (sampled in 2001 only) were mostly

differerit than feference, with enrichment (increased abundances of Chironomidae and

- Tubificidae) and a greater diversity of taxa obsetved at the majority sites, including upstream

sites. Some St. Clair River sites were not well matched to any reference sité groups based on

habitat attributes; therefore, results for these sites should be interpreted with caution.

Resident benthic invertébrates from the majority of sites (79 to 89%) had total mercury levels
above the maximum upstream site concentrations; for methyl mercury, this percentage was
slightly greater (84 to 95%). The concentration of total mercury and methyl mercury in sediment
was strongly predictive of total and methyl mercury concentration in invertebrates, respectively
(analysed without allowing gut clearance). Other sediment and overlying covariables (i.c., water
nutrients, sediment iron, manganese and particle size) improved the models. Assuming average
mercury exposure and uptake conditions, the trophic transfer modelling outcomes for walleye
indicated that most sites could be consideréd of concern because the predicted tissue
concentrations of methyl mercury exceeded the Canadian tissue residue guideline (92 ng/g ww) -

and the maximum predicted concentration at upstream reference sites. Thus, screening level

~ predictions of methyl mercury concentrations in fish receptors suggest that there are several sites

on the river where mercury could bioéc‘cumulate in receptors to levels that are not protective of
adverse effects. However, the likelihood of realizing this degree of mercury biomagnification is

not clear due to uncertainties associated with predicting receptor mercury concentrations.

A risk-based, decision-making framework for the management of contaminated sediment,
recently developed under thé Canada/Ontario Agreement respecting the Great Lakes Basin
Ecosystem, was applied to the St. Clair River study. The overall assessmerit of each site was
achieved byA integrating the information obtained from both within and among the lines of
evidence. The need to fully assess the risk of mercury biomagnification was indicated‘for 16

sites.




- RESUME

Ce rapport décrit la qualité des sédiments dans la riviére Sainte-Claire, désignée comme secteur |
préoccupanf a cause de problémes de qualité des habitats, de ’eau et des sédiments. Dans le cadre
du plan d’action sur les Grahds Lacs 2020, on a appliqué le lé)giciel d’évaluation benthique des
sédiments (BEAST) & 26 sites au total le long de la riviére, qui ont été échantillonnés en 2001 et en
2004. La technologie BEAST cbnsiste a évaluer la qualité des sédiments en se servant des
techniques de-1’analyse multivariable au moyen de données sur les communautés benthiques, les
réactions fonctionnelles des orggnismés de laboratoire aux analyses de toxicité et les propriétés
physicochimiques‘des sédiments et de I’eau qui les surplombe. Les données des sites cxpérimentgux
laurentlenne. En outre, on a mesuré le mercure dans les tissus d’mvertebres benthiques qui habitent
la riviete afin d’en déterminer la biodisponibilité. A I’aide de modéles de transfert trophique de
dépistage, ces données ont servi 3 évaluer les éventuels risques pour les espéces réceptrices de -

niveau tiophique supérieur a cause d’une bioamplification.

Les concentrations de mercure total dans les sédiments de surface (cotiche supérieure de 10 cm)

~ variaient de 0,01 a 49 pg/g en poids sec tandis que les concentrations de méthylmercure osclllalent
entre 0,5 et 296 ng/g; la contamination la plus forte a été observée juste a coté du secteur industriel.
Les concentrations de mercure total et de méthylmercure dans les sédiments dans pratiquement tous
les sites étaient supérieures aux concentrations observées dans les sites en amont de la zone |
industrielle. Il n’y avait pas de preuve convaincante de toxicité. Les communautés benthiques |
(échantillonnées seulement en 2001) étaient essentiellement différentes des cqnmmndutés de
référence des: Grands Lacs, en vertu d’un enrichissemenf (abondance accrue des chironomidés et des
tubificidés) et d’une plus grande diversité des taxons observés dans la majorit¢ des sites, notamment
les sites en amont. Toutefois, les sites de la riviére Sainte=Claire étaient mal jumelés avec ies sites de

référence des Grands Lacs en général.

Les invertébrés benthiques provenant de la majorité des sites (79 % a 89 %) avaient des
concentrations de mercure total supéricures aux concentrations maximales des sites en amont; pour
ce qui est du methylmercure, ce pourcentage était légérement supeneur (84 %2495 %). La

concentration de mercure total et de méthylmercure dans les sédiments avait une forte valeur de
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prédiction respectivement de la concentration de mercure total et de méthylmercure dans les
invertébrés (analysés sans tenir compte de 1’évacuation du tube digestif). Si I’on présume des taux
d’exposition et d’absorption moyens du mercure, les résultats du modéle de transfert trophique en ce
qui concerne le doré jaune récepteur indiquent que jusqu’a 16 sites peuvent étre jugés préoccupants
étant donné que les concentrations prévues de méthylmercure dans les tissus du doré jaune

dépassaient les recommandations canadiennes pour les résidus dans des tissus (92 ng/g p.h.) et la

concentration maximale prévue dans les sites de référence en amont. Ainsi, les prédictions de

dépistage des concentrations de méthylmercure dans les poissons récepteurs incitent & penser qu’il
existe plusieurs sites dans la riviére ou le mercure peut se bioaccumuler dans les récepteurs a des

concentrations qui ne les protégent pas contre ses effets délétéres.

Un cadre décisionnel fondé sur les risques pour la gestion des sédiments contaminés, récemment
congu dans le cadre de I’accord Canada-Ontario sur I’écosystéme du bassin des Grands lacs, a été
appliqué & Iétude de la riviére Sainte-Claire. On a procédé a I’évaluation globale de chaque site en
intégrant les données recueillies dans et entre les sources de données. L’étude a révélé qu’il était

nécessaire d’évaluer intégralement le risque de bioamplification du mercure au sujet de 16 sites.
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1 INTRODUCTION

1.1 Background and Mandate |

In the 1970’s, the International Joint Commission (IJC) identified 42 “problem areas” where
aquatic environments were considered to be severely degraded Of these, 17 were along
Canadian lakeshores o in rivers shared by Canada and the U.S. In 1985 the 1JC Great Lakes
Water Quality Board recommended a Remedial Action Plan (RAP) be developed and
implemented for each problem area. The goal of the RAP was to restore the “beneficial uses” of
the aquatic ecosYstem in each problem area, which were now called “Areas of Concern” (AOCs).
The RAP approach and process is described in the 1987 Protocol to the Great Lakes Water
Quality Agreement (GLWQA). Fourteen possible “impairments of beneficial use”, which could
be caused by alterations of pliysical, chemical or biological conditions in the area, are defined in
Annex 2 of the GLWQA. |

The Canadian government’s commitment to the GLWQA was renewed in 2000 with the Great
Lakes Basin 2020 Action Plan, under which the efforts of e_ight federal departments to “restore,
conserve, and protect the Great Lakes basin” over the next five years were coordinated.
Env1ronment Canada’s contribution included the funding of detailed chemical and biological
assessments of sediments in Canadian AOCs. Under the terms of reference for Environment
Canada’s mandate, the Benthic Assessment of Sediment (BEAST) methodology of Reynoldson
and co-workers (1995, 2000) was applied to the AOC assessments. .The methodology involved
the evaluation of sediment contaminant concentrations, laboratory toxicity, and benthic
invertebrate communities (see descriptip’n below). Recent reviews of the BEAST framework
have recommended the inclusion of an additional line of evidence — information on the

bioaccumulation of contaminants liable to biomagnify (Grapentine et al. 2002).

1.2 Decision Framework for Sediment Assessment

The underlying philosophy of Environment Canada’s approach to sediment assessment is that
observations of elevated concenttations of contaminants alone are riot iridications of eceloglcal
degradation. Rather it is the biological responses to these contaminants that are the concern. A

recommendation on remedial activity requires evidence to be provided of an adverse blologlcal




effect either on the biota resident in the sediment, or on biota that are affected by contaminants
originating from the sediment, either by physical, chemical or biological relocation.

It is recognized that to make decisions on sediment quality and the need to remediate, four
components of information (in addition to knowledge on the stability of sediments) are required

(Krantzberg et al. 2000):

Sediment chemistiy and grain size — Quantifies the degree to which sediments afe -
contaminated. Indicates exposure (or at least potential exposure) of organisms to contaminants
(with consideration of exposure pathways). Provides information on physicochemical attributes

of the sediment to assist in the interpretation any. observe_d'b'iologi,cal effects.

Benthic invertebrate community structure — Used to determine whether natural faunal
assemblages in contaminated sediments differ from those in uncontaminated reference locations.
The benthic community can indicate a biological response to sediment conditions. - Organisms
which reside in and ingest sediments experience the most ecologically relevant exposuresto

contaminants present, and represent important food web components.

Sediment toxicity - Differences in resident invertebrate communities between contaminated and -

uncontaminated sites alone cannot be conclusively attributed to toxic chemicals. Sediment -
toxicity data provides supporting evidence that responses observed in the communit'y are

associated with sediment contaminants rather than other potential stressors.

Inuertebrate body burdens - Measurements of contaminants in tissues of resident benthic fauna
provide evidence of bioavailability, and that the contaminants are responsible for observed
effects on the organisms (Borgmann et al. 2001). In addition, the information can be used to
assess the risk to higher trophic levels due to biomagniﬁ‘catioh- Some contaminants, although
bioavailable, may not accumulate in benthic invertebrates to sufficient concentrations to induce
effects A few of these contaminants (e:g., mercury, polychlorinated blphenyls (PCBs)) have the
property of biomagnifying up the food chain to produce adverse responses in higher trophic level

organisms.




An overall assessment of a site is achieved by integrating the information obtained both within
and among the above four lines of evidence. The decision-making framework, which is based on
ecological risk assessment principals, was developed from the Sediment Triad (Long and
Chapman 1985; Chapman 1996) and the BEAST (Reynoldson et al. 1995, 2000) frameworks,
and is described in detail elsewhere (Grapentine et al. 2002; Chapman and Anderson 2005).

1.3 BEAST Methodology

The BEAST (Benthic Assessment of Sediment) is a predictive approach for assessing sediment
quality using multivariate techniques (Reynoldson et al. 1995, 2000; Reynoldson and Day 1998).
The approach utilizes data from nearshore reference sites that were sampled from the Laurentian
Great Lakes over a three-year period. Information includes berthic invertebrate community
composrtlon (the type and number of macroinvertebrates present), selected habltat variables, and
responses (survival, growth and reproductlon) of four benthic invertebrates in sedrment toxrcrty
tests. The reference sites establish normal conditions for selected endpoints, and detetmine the
range of ‘normal’ biological variability. Expected blologlcal_ condltlons at test sites are predicted
by applying'relationships developed betWeen'biological and habitat conditions at reference sites.
Expected conditions are compared to observed sediment tox1c1ty and benthrc communlty

composition to detemune biological degradation.

This assessment method has been used to asSess the condition of benthic invertebrate

communities and toxiCity in a number of AOCs, e.g., Collingwood Harbour, St. Lawrence River
(at Cornwall), Peninsula Harbour and Hamilton Harbour (Reynoldson et al. 1995; Reynoldson
1998; Milani and Grapentine 2005, 2006).

1.4 St. Clair River Area of Concern

The St. Clair River RAP reports — Stage 1: Environmental Conditions and Problem Definition
(St. Clair River RAP Team 1991) and Stage 2: Recommended Plan: Water Use Goals, Remedial
Measures and Implementation Strategy (St. Clair River RAP/BPAC Team 1995) have identified
several problems for the St. Clair River. Due to point and non-point sources in the area, causes -
for concern in sediments include: '

° Nutrients (nitrogen and phosphorus)




o Trace metals (arsenic, mercury, cadmium, copper, chromium, iron, lead, riicke‘l, zinc,
manganese) '

e Organic contaminants (oil and grease, PCBs, hexachlorobenzenes and polycycllc aromatic
hydrocarbons). '

Of the 14 beneficial uses evaluated for St. Clair River, 9 are listed as impaired in the Stage 1

RAP. Sediment has been associ?ted as either the cause of impairment or as a source of the

problem for five: o '

e restriction on fish consumptlon

- e animal deformities (chlronomld mouth parts),

. de‘grada_tion of benthos,

e restrictions on d_redging activiti.es, and

o loss of fish and wildlife habitat.

" Improv‘er,nents have been made in the St. Clair River.over the last ten years due to remedial
efforts. HoWever elevated levels of sediment mercury and other trace metals, organics,
ammonia and hydrogen sulphlde still remain. The presence of pollutlon tolerant benthic species
in the river is the result of urban and. hlstorlcal industrial pollutlon and euthrophlcatlon (St Clair
River RAP/BPAC Team 1995). Based on a 1990 Ontario Mlmstry of the Env1ronment (MOE)
study, three sediment impact areas have been prioritized (St. Clair River RAP/BPAC Team
1995).: These priority areas were located in the upper reaches of the river and were chatacterized
byt 3 - . | :
e Severe effect level exceedences (SEL; Persaud et al. 1992)), degreded benthos and sediment
toxicity (Priority 1), ‘ |
e SEL exceedences and impaired benthos (Priority 2), ‘and

e SEL exceedences (Priority 3).

Within the Priority 1 area, 3 sediment impact zones were further identified (Study Zenes 1,2 and
3). Recently, Thorburn et al. (2003) simplified these 3 zones in their 2001 study by grouping
sites in Study Zone 1 to south of the Dow Chemical Canada Inc. (Dow) property line, iow
referred to as “Zone A”, and sites in Study Zone‘s'2 +3, nt)w referred to as “Zone B”. These

Zone A and Zone B designations are applied in the current study and are shown in Figur"é 1.

'




In September of 2001 and 2004, the Environment Canada sampled Zone A and B of the St. Clair
River (as well as upstream and downstream locations) to provide furthet information on the
degree of sediment contamination, focusing primarily on sediment mercury. This report presents

the results of these investigations and provides a spatial description of the state of the sediments

~in the St. Clair River and the degree of contamination.

2 EXPERIMENTAL DESIGN

2.1  Sampling Design

Test sites were located in the upper reaches of the river extending from just upstream of the Dow
property to the Suncor pxjopérty (Zone A) and from south of Suncor to the south end of Stag
Island (Zone B) (Figure 1). Locations upstream of Zone A and downstream of Zone B were also
sampled (Figure 1). Stations were sampled for sediment and overlying water chemistry, benthic
invertebrate community composition, sediment toxicity tests, and reéident invertebrate tissue.
The locations of stations were selected to (a) represent a wide range of mercury (Hg) levels in
sediment, (b) include areas identified as requiring further characterization, (c) represent least

contaminated/reference conditions in the area, and (d) overlap locations of previous studies.

For the biomagnification component of the study, this control/potential impact sampling design
allowed several types of comparisons for assessing the distribution of Hg in sediment and biota.
Using all sites, relationships between sediment and invertebrate Hg levels were examined. In
addition, Hg levels at sites located upstream of the industrial zone were compai‘ed to Hg levels at
all other sites. The array of the sites also allowed a spatial analysis of Hg conditions, where
locations of elevated Hg in sediment, invertebrates and receptors (predicted from models) were

identified.

2.2 Biomagnification Potential

- Purpose and objectives

The purpose of biomagnification component of this study is to determine if Hg from sediments
in the St. Clair River bioaccumulate in the tissues of benthic invertebrates, and if Hg could
potentially be transferred through benthic invertebrates to fish or wildlife, The results of this

study should lead to one of two alternate conclusions: (a) Hg is unlikely to concentrate in the




food web at levels that can cause adverse effects, or (b) Hg could potentially concentrate in the
food web at levels that can cause adverse effects. The determination of whether Hg
biomagnification and adverse effects to higher trophic level organisms (fish, wildlife, human) are
actually occurring in the St. Clair River is beyond the scope of this study, and would need to be
addressed by a more comprehensive assessment such as a detailed risk assessment. The latter

conclusion (b) is of potential biomagnification, but does not determine actual biomagnification.

The purpose of the biomagnification component of the study was achieved through two

objectives:

A. De’temiining if benthic invertebrates in locations where Hg is elevated are a potential source

of mercury to higher trophic levels.
B. Determining if the amount of Hg potentially available is of concern.

The first objective was addressed by comp‘afing concentrations of Hg in Jbenth"ic inveﬂeBrat_es
from test sites in the St. Clair River to those from sites upstréam of the industrial zone, and by -
determining whether sediment Hg concentration was related to invertebrate (whole body) Hg
concentration. For the second objective, the concentrations of Hg in selected trophically‘liriked'
receptor species (i.e., consumers of benthic invertebrates and their predators) were predicted
based on measured [Hg] in invertebrates and literature-derived biomagnification factors. (Traas
et al. (2002) is an example of an application of this approach.) The predicted receptor species '
concentrations were then compared to appropriate tissue mercury guidelines established for the
protection of higher trophic level organisms. Whereas predictions of receptor tissue Hg
concentrations focused on methyl mercury (MeHg), because it is the most toxicologically
relevant and predominant form of mercury in tissues of fishes and higher trophic level receptors
(USEPA 1997b; Environment Canada 2002), determinations of Hg distributions and
bioaccurnulation in sediment and invertebrates were made on the basis of both total mercury
(THg) and MeHg to allow compafisons with results from other studies and guidelines that

involve THg.

I- - _: I- - n - -I -
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The biomagnification modelling was broken down into four steps:

o Identification of receptors of potential concern for the St. Clair River AOC,
o Measu‘refnent of contaminant concentrations in invertebrates and sediment,
e Selection of biomagnification factors, and

¢ - Prediction of possible receptor species tissue concentrations.

Knowledge of the food web structure of a site was needed to determine relevant receptor species

(fish, bird, mammal). These are identified below. Determinations of concentrations of mercury

in sediment ([Hg]sea) and invertebrates ([Hg]iw) are described in the methods section. The

 identified receptors determined the biomagnification factors (BMFs) to use for predicting- \

receptor mercury concentrations and the appropfiét_c criteria (e.g., gu’idelin'és for protection of
wildlife consumers of aquatic biota) for comparison. The review and selection of BMFs are
discussed in the data analyses section (Section 3.6) and Appendix A. How [Hg] in the tissues of

receptor species was estimated is also described in Section 3.6.

Measurement endpoints

Invertebrates (oligochaetes and chironomids) and sediment for mercury analyses were Collected
at locations of sediment deposits potentially exposed to past discharges of mercury-containing
effluent, as well as from upstréar_n and downstream locations. Sediment was obtained from the
top 0 - 10 cm layer of river bed. This layer includes the vertical home range of most benthic
invertebrates, Two distinct invertebrate taxa (chironomids and oligochaetes) were targeted for
collection from each location. Analyseés of total and methyl mercury were performed on samples
composited from organisms within each of two taxa (i.c., taxa were analyzed separately).
Invertebrates were not allowed time to clear sediment from their guts because predators consume
whole organisms, and mercury associated with sediment, as well as that inicorporated into tissues
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is potentially aQailabl,e for transfer through the food chain.

Model assumptions : -
For the prediction of Hg concentrations in the tissues of upper trophic level biota,

bioaccumulation is considered to occur predominantly through dietary pathways. This is

suggested by several experimental and modelling studies (Bodaly et al. 1997; Downs et al.




1998').> In modelling the exposure to and uptake of Hg by receptors, several conservative

assumptions (i.e., maximum potential exposure to Hg) have been made. These include:

o For fish receptor
" - Fish consume invertebrates only from the site. _
- Fish feed on same invertebrate taxa as those collected in field sampling.
- o For wildlife receptor
- 100% of the diet is fish.

- Fish are consumed only from the site in question.

In addition, the flux of mercury between sediment, water and biota,compaftrneﬁts were

considered to be in equilibrium,

Receptors of concern for the St. Claif River

Based on generic food webs for the Great Lakes (e.g., Diamond et al. 1994), information on

fauna resident in the St. Clair River AOC RAP Team (1991, 1995) and guidelines from

Environment Canada (2002), receptors representative of four trophic levels weré selected for

blomagmﬁcatlon modellmg \‘ 7

o Benthic mvenebrates (trophic level 1): chironomids and ohgochaetes Previous studies
indlcated impaired benthic communities in the upper reaches of the St. Clair River with the
dominance of pollution tolerant species (Farara and Burt 1997).

e Benthivorous fish (trophic level 2): white sucker. The white sucker spawns in the St. Clair

River, and is a year round resident in the river.

e Small piscivorous fish (trophic level 3): yellow perch. Yellow perch are an important species

in the St. Clair River. They are fished recreationally in the St. Clair River, and spawn in the
river.

o Large piscivorous fish (trophic levels 3 and 4): walleye. The St. Clair River provides a
spawning ground and a migration corridor for the walleye. Walleye are an important
recreational fish. ' ' |

e Piscivorous bird (trophic levels 3 and 4): great blue heron. Great blue herons are

widespread. Fishes (mostly <25 cm in length) are the preferred prey (Environment Canada :




2002). The breeding distribution of the heron extends along the St. Clair River (CWS 2002),
and this bird is found throughout the delta.. 7

¢ Piscivorous mammal (trophic levels 3 and 4): mink. Mink are associated with numerous
aquatic habitats and are opportunistic feeders (Environment Canada 2002). The St. Clair
delta provides habitat for the mink.

As part of the MOE Sport Fish Contammant Momtorlng Program, walleye yellow perch and
white sucker (as well as other fish spec1es) are. collected regularly from the upper (from Lake
Huron to just north of Ethyl Corp.), middle (from Ethyl Corp./Stag Island to just north of
Lambton generating station) and lower (from generating station to Lake St. Clair) portions of the
fiver. Sport fish consumption restrictions for total iércury for the general population begin at
levels above 610 ng/g ww and tbtal;restriction is advised for levels above 1840 ng/g ww (MOE
2005). Contaminants are at levels that warrant ‘consufption advisories for a group of
compounds that 1ncludes mercury for the sucker perch and walleye (MOE 2005). In the upper
river, thefe are festrictions to 4 meals per month for walleye 60-65 cm long and to 2 meals per

month for walleye 65-75 cm. In the middle river, there are consumption festrictions to 4 meals

* per month fof 50-55 cm white sucker and 4 meals per month for yellow perch 30-35 ¢m long. In

the lower river, there are consumption restrictions to 4 meals per month for Walleye 50-75 cm

long (MOE 2005).

A model of the feeding relationships linking these receptors with each other and benthic

invertebrates and sediment is shown in Appendix A, Figure Al.

3 METHODS

3.1  Sample Collection and Handling

Sediment, overlying water, the benthic community and resident biota samples were collected at
16 sites September 17 — 20, 2001 and at 12 sites September 27 - October'l,‘2004 (Fig‘tlre 1).
Two sites collected in 2001 were repeated in 2004. (Total numbet of sites = 26.) Ammonia was
measufed in 2004 only. Benthic invertebrate comiriunity samples were collected in 2001 .only.

Due primarily to substrate conditions, some samples were fiot collected. Sediment for toxicity




tests was not collected at site 6663 in 2001 because of gravel and small stones interfering with
the Ponar grab operation. Resident benthic invertebrate tissue and sediment for the analyses of
metliyl mercury and organic contaminants were not colle'et_ed at sites 6660, 6663 and 6664
(2001) because of high sand or gravel content of the substrate. Sampling techniques and methods
for the collection of samples are fully described in Re"y‘noldSOn et al. (1995, l998a) and outlined
below. Station positions are given in Table 1 and'environmental variables measured at each site

are provided in Table 2.

Prior to sediment.collection, temperature, conductivity, pH and dissolved oxygen weré ineasured
in the water column approximately 0,5 m above the bottom with HYDROLAB water quality
instruments. Water samples were collected for analysis of alkalinity, total Kjeldahl nitrogen, total

phosphorus, nitrates/nitrites and ammonia from 0.5 m above the- bottom usmg a van Dorn

sampler. Total phosphorus samples (125 mL) were preserved with 1 mL of 30% sulphurlc acld ‘

Water samples were stored at-4°C for later analysis. -

A 40 cm x 40-cm mini-box corer or Ponar sampler was used to obtain the benthic invertebraté
community and sediment chemistry samples. Benthic community samples were subsampled
from the mini-box core using 10 cm length x 6.5 cm diameter acrylic tubes: Samples were
sieved through a 250-pm mesh screen and the residue preserved with 5% formalin for later
identification. The remaining top 10 cm of sedifmerit from each box core was removed,
homogenized in a Pyrex dish-and allocated to containers for chemical and physical analyses of
the sediment. At sites where the mini-box core could not be used because-of the high proportion
of sand or sand/clay, which prevente‘d the box core to seal, a Ponar sampler was used to obtain
invertebrate community and one ponar grab was collected for chemical and physwal properties

of the sediment. Each benthic community ponar sample was sieved in its entirety and the residue

preserved as described above. Sediment samples were stored at 4°C.

Five mini-Ponar grabs were, collected per s1te for the laboratory tox1c1ty tests (approximately 2 L
sediment per replicate). Each of the five sediment grabs was placed in separate plastic bag,

sealed, and stored in a 10 L bucket at 4°C.
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A mini-Ponar sampler was used to collect the invertebrate tissue from the sediment. From each
grab, a sample of the top 10 cm of sediment was removed and set aside in a glass tray, and the
remaining sediment from the grab was placed in a 68-L tub. This process continued until the tub
was approximately % full (~10 to 15 grabs). The sediment set aside was then homogenized in
the glass tray and distributed to pre-cleaned polyethylene bottles for analysis of total and tncthyl

mercury by Flett Research laboratory. Samples were frozen.

Invertebrates were removed from the sediment in the 68-L tubs by wet sieving with river water
using 12-inch stainless steel, 500-um mesh sieves. Biota were sorted into separate taxa

(chironomids, oligochaetes) in glass trays using stainless steel instruments. Biota were then

rinsed with deionized water and placed in pre-weighed and pre-cleaned (20 % HCL) 5-mL-

scintillation vials, weighed, and frozen. A layer of parafilm was placed between vial and cap.
Invertebrate samples were later freeze-dried and reweighed. The wet:dry weight ratios were
used in converting invertebrate mercury concentrations from a dry weight to wet weight basis

(see Section 3.6).

Stainless steel sieves and instruments wete detergent washed between stations. If ‘persistent
organic matter remained on the sieve after the detergent wash (on visual inspection), a more
aggressive cleaning solutxon was implemented with caustic ethanol. Homogemzmg and sortlng

trays and scoops were detergent washed and rinsed with 20% HCI.

3.2  Taxonomic Identification

Benthic community samples were transfetred to 70% ethanol after a minimum of 72 hours in
formalin. Invertebrates in the benthic community samples were sorted, identified to the lowest
practical level, and enumerated at the Environment Canada Invertebrate Laboratory (Butlington,

ON). Slide inounts were made for Oligochaetae and Chironomidae for identification using high

power microscopy.

3.3  Sediment Toxicity Tests

Four sediment toxicity tests were performed: Chironomus riparius 10-day survival and growth
test, Hyalella azteca 28-day survival and growth test, Hexagenia spp. 21-day survival and
growth test, and Tubifex tubifex 28-day adult survival and reproduction test. Sediment handling
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procedures and toxicity test methods are described fully elsewhere (Borgmann and Munawar
1989; Borgmann et al. 1989; Krantzberg 1990; Reynoldson et al. 1991, 1998b). All tests passed

acceptability criteria for their data to be used in the site assessments. The criteria are based on

percent control survival in a reference sediment (Long Point Marsh, Lake Erie): i.e., > 80% for

H. azteca and 270% for C. riparius (USEPA 1994; ASTM 1995); 280% for Hexagenia spp.; and
>75% for T. tubifex (Reynoldson et al. 1998b). Toxicity tests were performed by the
Environment Canada Ecotoxicology Laboratory (Burlington, ON).

Water ,chemi'stry variables (pH, dissolved oxygen (mg/L), conductivity (xS/cm), temperature
(°C), and total ammonia (mg/L)) were measured in each replicate test beaker on day 0 (start of

test — prior to ifittoduction of organisms) and at completion of the test. Tests were run under

static conditions in environmental chambers at 23 + 1°C, under a photoperiod of 16L: 8D and an .

illumination of 500 - 1000 lux. The T. tubiféx test was run in the dark. |
Hyalella azteca 28-day survival and grdwth test

The H. azteca test was conducted for 28 days using 2 — 10 day old organisms. On day 28, the
contents of each beaker were rinsed through a 250-um screen and the surviving' amphipods were
counted. Amphipods were dried at 60°C for 24 hours and dry weights recorded. Initial weights

were considered zero.

Chironomus riparius 10-day survival and growth test

The C. riparius test was conducted for 10 days using first instar orgamsms On day 10, the
contents of each beaker were wet sieved through a 250-um screen and the surviving chironorids
were counted. Chironomids were dried at 60°C for 24 hours and dry weights recorded. Initial

weights were considered zero.

Hexagenia spp. 21-day survival and growth test

The Hexagenia spp. test was conducted for 21 days using preweighed nymphs (5 — 8 mg wet
weight/nymph). On day 21, the contents of each jar were wet sieved through a 500-um screen
and surviving mayﬂy nymphs were counted. Nymphs were dried at 60°C for 24 hours and dry

welghts recorded. Imtnal mayfly wet welghts were converted to dry welghts using the following
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equation from a relationship for aymphs from the Ecotoxicology Lab that was previously
determined by regression analysis: Initial dry weight = (wet weight + 1.15)/ 7.35. Growth was
determined by final dry weight minus initial dry weight.

Tubifex tubifex 28-day reproduction and survival test

The T. tubifex test was conducted for 28 days using sexually mature worms (gonads visible). On
day 28, the contents of each beaker were rinsed through a 500-pm and 250-um sieve
sequentially. The number of surviving adults, full cocoons, empty cocoons, and large immature
worms were counted from the 500-um sieve and the numbers of small immature worms were
counted from the 250-um sieve. Survival and reproduction was assessed with four endpoints:
number of surviving "a‘ldults, total number of cocoons produced per adult, percent of cocoons

hatched, and total number of young produced per adult.

3.4  Sediment and Water Physico-Chemical Analyses

Overlying water »

Analyses of alkalinity, total phosphorus, nanies/nitrites (N OQ/N 0,), total ammonia (NHs), and
total Kjeldahl nitrogén (TKN) were performed by the Environment Canada’s Nétional
Laboratory for Env1ronmental Testmg (NLET) (Burlmgton ON) by procedures outllned in
Cancilla (1994) and NLET (2001)

Sediment particle size |

Percents gravel, sand, silt, clay and 25“’, 75" and mean percentiles were de‘térinined by the
Sediméntolog'y Labora_toryv(But"lington, ON) following the procedure of Duncan and LaHaie
(1979). |

Sediment trace metals and nutrients (Caduceon Laboratory)

Freeze dried sediment was analyzed for trace elements (hot aqua regia extracted) major oxides
(whole rock), loss on ignition, total organic carbon, total phosphorus, and total Kjeldahl nitrogen
by Caduceon Laboratory (Ottawa, ON), using USEPA/CE (1981) standard methodologies or in
house procedures. For the analysis of total mercury in sediment, 0.5 g of freeze dried sediment

was digested with HNO3:HCl for two hours. SnCl, was added to reduce Hg to volatile metallic
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form. If there was high organic material, KMnO, was added to the digestion solution to destroy
organo-mercury bonds. Hydroxyl amine hydrochloride was then added to neutralize KMnOx4
excess so SnCl could react with Hg in solution. Digestion was followed by measurement using

a cold vapour atomic absorption spectrometer. The detection limit was 5 ng Hg/g sediment.

Total and methyl mercury in sediment and biota (Flett Laboratory)

Total and methyl mercury in sediment and biota was analyzed by Flett Research Ltd. (Winnipeg,
MB), based on procedures of Bloom and Crecelius (19‘83), Horvat et al. (1993) and Liang et al.

(1994), and are summarized below.

Total mercury in sediment biota’

Between 100 and 1000 mg of thawed sediment sample (or spiked sediment, blanks or reference
material) was digested overnight (16-18 hours) in 3 mL of 7:3 mtrrc/sulfurlc acid at 150°C.
After cooling, the sample was dlluted to 25 mL with low- -mercury deionized water spiked with
BrCl and allowed to react. The residual BrCl was then destroyed by addition of hydroxylamine
hydrochloride. An aliquot of the sample (100 pL - 2 mL) was placed into a sparging vessel to
which was added stannous chloride. The elemental mercury produced was purged onto a gold
trap with Hg-free nitrogen. The gold trap was heated with UHP argon carrier gas passing
through it, and the mercury released was measured by a Brooks-Rand CVAFS model-2 détector.
The detection limit was 1-5 ng/g dw. | ‘

The same procedure as described for analysis of total mercury in s_edrment was used for biota,
with the following différences in the sample digestion: up to 100 mg of thawed invertebrate
sample (or spikes, blanks or reference material) was digested for 6 hours in 10 mL of 1:2.5
nitric/sulfuric acid at 250°C; after cooling, the sample was diluted to 25 mL with low mercury

deionized water, spiked with BrCl and allowed to react.

Methyl mercury in sediment

Sedlment was prepared for analysis by dlstlllmg 200-300 mg of homogemzed sample (or spikes
or blanks) in ~45 mL of low-mercury deionized water. Approximately 40 mL of distillate was
collected and ac1d1ﬁed with KCI/H;SO4. (Note: Since methyl mercufy results were < 0.1% of the

14



total mercury re(sults, a methylene chloride extraction was carried out on some of the highest
total mercury s#mples,. No significant difference in methyl mercury concentrations was observed
between results obtained by either method. Therefore, it is assumed that insignificant methyl
mercury production was occurring in the distillation process and thus all samples were processed
by distillation.) An aliquot of the prepared sample (1-2 mL, depending on obsetved interferences
from the matrix) was ethylated in solution (final volume ~ 40 mL) using sodium tetraethyl
borate. The solution was buffered to pH 5.5. The resulting ethylmethyl mercury was purged
onto a Tenax trap with mercury-free nittogen. The trap was heated, purged with UHP argon onto
a GC column (for separation of the ethylmethyl mercury from Hg® and diethyl mercury), fun ‘
through a pyrolizer (to reduce all mercury to Hg®), and then sent to a cold vapour atomic
fluorescence analyser for detectioﬁ (GC oven: Perkin Elmer 8410 GC; column: chromasorb
WAW-DMSC 60/80 mesh with 15% OV-3; detector: Brooks-Rand CVAFS model-2. ) The
detection limit was 0.25 ng/g dw.

Methyl mercury in biota

Freeze dried biota (5-10 mg of homogenized sample, spike, blank or reference material) were

. digesied ovemight with ~500 pL. of KOH/methanol at 75 °C. Sample aliquots (50-60 pL) were

then treated and analysed as descrlbed above for the ethylation and subsequent steps in the

determmatlon of methyl mercury in sedxment The detection limit was 1.2 ng/g dw.

Organic contaminants

Analysis of polychlorinated biphenyls (PCBs), polycyelic aromatic hydrocarbons (PAHs) and
or’gariochlot‘ine (OC) pesticides was performed on sediment and biota samples by the MOE
Labortatory Service Branch of the MOE (Etobicoke, ON), following Ontario Ministry of
Environment standard ‘r‘netho‘ds (MOE 1993, 1994a, 2003a).

35 Biota-Sediment Accumulation Factors

A biota-sediment accumulation factor (BSAF) was calculated for each invertebrate taxon and site
combination, for total and methyl mercury. The BSAF equation used was that defined by
Thomann et al. (1995), and is the ratio of the metal concentration in the organism to that in the

sediment:
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BSAF = [Hg]mv/ I}Ig] sed

- A BSAF assumes that the concentration of contaminant in the organism is a linear function of the

contaminant concentration in the sediment.

3.6 Data Analysis

BEAST analysis of benthic invertebrate communities and sedim

For the analysis of benthic invertebrate communities, a limitation to the use of the BEAST model

is that it can only be »applied. with confidence to test sites within the range of habitats and
-geographic areas contained in the reference data set. This reference tdataset is restricted to
harbours, embayments and nearshore waters of the Laurentian Great Lakes. Therefore the
| specifically in the St. Clair River, for use in site assessments for the St. Clair Rlver AOC
(Reynoldson et al. 2003). In general, the modified model is more conservative in assessing sites
than the standard model, and its performance indicates the importance of having some reference
" sites in connecting channels. The model predicts the invertebrate community group that should
occur at a test site based on natural environmental conditions and is based on 52
macroinvertebrate families. Multiple discriminant analysis was u,sed_to predict the test sites to 1
of 6 reference community gfoups using a previously computed relationship between 11
environmental variables and the community groups (Reynoldson et al. 2003). Benthic
community assessments were conducted at the family level, as this taxonomic detaxl is shown to
‘be sensitive for the determination of stress (Reynoldson et al. 2000). All commumty data were
standardized to be equivalent to the box-core. To adjust for the efficiency of the Ponar relative
to the box core, benthic abundances for sites collected with the Ponar were divided by 0.69, with
the exception of the chironomids, oligochaetes, sphaeriids, nematodes and hirudinea where, 0.52,
0.55,0.75, 0.64, and 0.71 were used, respectively. All counts were then adjusted for area.
Community data for the test sites were merged with the r_eference site invertebrate data of the
matched reference group only (i.e., gtoup to which the test site has the highest probability of
 belonging) and ordinated using hybrid multidimensional scaling (HMDS; Belbin 1993), with
Bray-Curtis distance site x site association matrices calculated from raw data. Toxicity data
were analysed using HMDS, with Euclidean distance site x .site association matrices calculated

from range-standardized data. Toxicity endpoints for the test sites were compared to those for all
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reference sites. (There are no distinct habitat-associated groups as with the benthic community
assessment.) Principal axis correlation (Belbin 1993) was used to identify relationships between
habitat attributes and benthic community or toxicity responses. This did not include organic
contaminant data, which were not measured in the reference sediments. Significant endpoints
and environmental attributes were identified using Monte-Carlo permutation tests (Manly 1991).

Test sites were assessed by comparison to confidence bands of appropriate reference sites.

~ Probability ellipses were constructed around reference sites, establishing four categories of

difference from reference: equivalent /non-toxic (within the 90% probability ellipse), possibly
different/ potentially toxic (between the 90 and 99% ellipses), different/toxic (between the 99
and 99.9% ellipses), and very different/severely toxic (outside the 99.9% ellipse). Test site
toxicological responses were also compared to numerical criteria previously established for each
category (non-toxic, potentially toxic and toxic) and species from reference site data
(Reynoldson and Day 1998).

Test data were analyzed in subsets to.maintain the ratio of test: reference sites <0 10. Multlple
discriminant analysis was performed and probability ellipses were produced usmg the software
SYSTAT (Systat Software Inc. 2002). HMDS, principal axis correlation; and Monte-Carlo tests
were performed using the software PATN (Blatant Fabrications Pty Ltd. 2001).

Com arison of u stream}to downstream benthic communities

area to sites upstream of the industial area. The St. Clair River sites were ordinated again by
HMDS, as a single group and without the Great Lakes reference site data. Correlations between
site scores from the ordination and habitat variables, including organic contaminant data, were
determined. Using the ordination axes scores from HMDS, major family abundances and taxon
diversity, analyses of variance with adjustments for covariates (ANCOV As) were performed
using Minitab (2000). The covariates selected for the ANCOVAs were those found to be most
highly correlated to the ordination axes scores. Bonferroni simultaneous tests were performed to

compare upstream sites (control) to all other sites.
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Biomagnification potential

Mercury distribution in sedi'ment and biota

Sites in which concentrations of Hg in invertebrates ([Hg]inv) Were significantly elevated above
background levels for the study area were identified by comparing [Hg]inv for the test sites to the
upper 99™ % percentile (= maximum) for the upstream reference sites. This was done separately

- for MeHg and THg and for each invertebrate taxon.

Relationships between concentrations of Hg iri sediment and invertebrates were determined ~
using regression analysis, again separately.for MeHg and THg and for each invertebrate taxon.

The approach was used to estimate the degree to which Hg in invertebrates is predictable from

Hgin sediment, with-and without environmental covariables. Simple linear regression (ordinary

least squares) was used for the single predictor ([Hg)seq) model. “Best subset” multiple linear
regression (Draper and Smith 1998; Minitab 2000) was used for the fitting of mﬁltiple predictor
Amodels._ Included in the models were the environmental Qariables' expected to potentially
influence uptake of Hg from sediment by biota (based on reviews such as Braga et al. 2000;
Lawrence and Mason 2001), such as sediment concentrations of total organic carbon, total
- phosphorus, total Kjeldahl nitrogen, iron and manganese; sediment particle size fractions of
sand, silt and clay; overlying water dissolved O3, pH, alkalinity, conductivity; NO3/NO,, total
‘Kjeldahl nitrogen, temperature and site dépth. To increase noﬁnality of data distributions and -
linearity of relations between variables, some data were transformed: log(x) for THg and MeHg
in sediment and invertebrates; log(x) for overlying water variables, sediment nuttients, iron and
manganese and site depth; and arcsine-équare root(x) for the particle size fractions. Normality:
and linearity of alkalinity and pH data were not generally improved by transformations, so these

were analyzed untransformed.

All models fitted to the data included [Hg]seq as a free predictor (i.e., it was not forced to be in
the model). The specific null hypothesis of interest was that “the effect of [Hg]sea on [Hglin = 0,
after accounting for effects of other predictors”. For the best subset regressions, models were
fitted for all combinations of predictors. Determination of the “best” model was based on several
criteria (in roughl)\' decreasing order of importance): |

e maximum Rzaqjus'ted
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 significance of partial F-tests (= t-tests) for predictors (especially [Hg)seq)
o significance of F-test for regression

o variance inflation factors (V IFs) for predictors < 10

o homoscadastic and normally distributed residuals

o Mallow’s C, statistic not >> number of predictors

Lack-of-fit tests for curvature in response-predictor relationships and interactions between
predictors were performed and examined for nonsignificance. Observations having large

standardized residuals or large influence on the regression were also consideted in model

“evaluations. The best model was identified based on the overall meeting of these criteria. Both |

single and multiple predictor models were then examined for the degree to which [Hg]seq predicts
[Hglinv, as indicated by the significanc-e of the #-test of the coefficient for [Hg]sd. |
Prediction of mercury concentrations in receptors

A review of information /on BMFs was conducted using typical methods of electronic database
and chain-of-citation searches as well as consultation with leading researchers in the field of

mercury ecotoxicology and risk assessment. Details on the methods and the results of the review

| are described in Appendix A.

form (USEPA 1997b). It is also accepted that)mercui'y in the tissues of fishes and higher trophic
level organisms. is almost entirely in the organic (methyl) form. Environment Canada (2002)
states that “total mercury” concentrations in piscivorous fishes are probably ~99% methyl
mercury, and Bloom (1992) suggests-that previous studies reporting methyl mercury fractions in
fishes less than 95% were likely in error. Therefore, mercury concentration in receptors was
predicted on a MeHg basis, using (a) MeHg measurements in invertebrates and (b) combined
THg and MeHg BMF values (assuming that reported THg concentrations largely represent

MeHg concentrations).

Concentrations of MeHg in the tissues of réceptors were predicted by multiplying measured

body concentrations in the resident invertebrates by the food chain multiplier relevant for the

19



a1

receptor. The predicted MeHg concentrations in receptors are generic in that they are not
specific to particular tissues.
Crec =FCM X C iy
where:
Crec = mean contaminant concentration in the consumer (receptor) species
Cinv = mean contaminant conce_ntrati’on in invertebrates

FCM = food chain multiplier

" The FCM represents the biomagnification of a substance from one trophic level to a higher

trophic level (USEPA 1997¢c). Whereas a BMF applies to only one trophic level-transfer, a FCM

. refers to o_ne or more; and may be a multiple of more than one BMF. Thus, FCM = BMF; x °

BMF, x BMF; x' ... x BMF,, whére 1,2,3,::., n are transférs of one troph'ic level. The BMFs

-used to obtain FCMs and calculate Cre values are in Table Al, which shows the low, medium

and high BMFs from the literature review for each transfer between trophic levels as shown in
Figure Al. In Table 3, the FCM for transfer from benthic invertebrates to each receptor is
estimated by multiplying the BMFs for the ir’_-l_termedi_atev steps from Table Al. Low, medium and
high FCM values are obtained from use of all minimum, all medium or all maximum estimates

for each BMF. For the walleye, heron and mink, it is récognized that they could be level 3 as

well as trophic level 4 predators. Therefore, FCMs were estimated for both food chain pathways.

Invertebrate methyl Hg concentrations used in the predictions of Hg in receptors include
observed [Hg]inv values for the two taxa collected from the site. These were used to obtain
minimum and maximum observed [Hg]:nv for the taxa collected from the site. “Medium” [Hgkav
for the site was calculated as the mean of the values. Since fish contaminant data are repoﬁcd
for the most part on a wet weight basis, and the guidelines used in this study are also based on
wet weights, methyl Hg concentrations in invertebrates were converted to wet weiAght, Biota
comprised on avetage 86% water. The ratio of wet to dry weigh,t was determined for each
individual sample submitted for analysis (rather than using an overall average ratio for each

taxon). Wet weights were determined using the following conversion;

[Hg].Qw (ng/g dry weight) / (ratio of wet: dry weight) = [Hg]im, (ng/g wet weight)
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Total and methyl mercury concentrations in each invertebrate taxon, converted to wet weight

values, are provided in Appendix B, Tables B1 and B2.

For each site, minimum, intermediate and maximum concentrations of MeHg for each receptor

were predicted by:
[Hg]rec = FCM x [HgJiny

using corresponding low, medium and high [MeHgJiny and FCMs. For the walleye, heron and
mink, FCMs for both food chain pathways were combined. From the available values, the

lowest and the highest FCMs were used for the minimum and maximum prediction, the mean of
the two medium values was used for the intermediate prediction. |
Ifa predicted contaminant concentration in the receptor exceeded the guideline and the
maximum predicted concentration at reference sites, a poteritial risk of adverse effects due to
biomagnification was concluded. Alternatively, if the predicted contaminant concentration in the

receptor was less than the guideline, no potential risk was concluded.

3.7 Quality Assurance/Quality Control

Field replication - .

Triplicate overlying water and sediment samples were collected at 2 randomly §eleéted sites
(6668 and 6669) for determination of within-site and among-sample variability. Variability in
the measured analyte was expresséd as the coefficient of variation (CV = standard deviation /

mean x 100).

Laboratory
Flett Research Ltd. conducted determinations of total and methyl mercury in sediment and

benthic invertebrates. Quality control evaluation for these procedures included analyses of
sample duplicates, matrix spikes and certified reference materials, as well as evaluations of
sample.recoveries. For sediment, sample duplicates were analyzed at least once every 15
samples, and matrix spikes were performed on every tenth sediment sample to determine

mercury recoveries. The NRC certified sediment reference material “MESS-2” , “Hg standards
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1- 5”, and “OPR (solids)” were concurrently digested and analysed for total Hg, and “IAEA”;
“DORM 2” and “alpha” were concurrently digested and analysed for methyl Hg. For biota,
“DORM-2”, “Hg Standards 1 — 5”, “OPR (solids)”, and “MQAP fish check samples” were
concurrently digested and analysed for analyzed for total Hg, and “DORM-2" and “alpha” were
 concurrently digested and analysed for methyl Hg with each lot of 10 - 20 samples. Each '

invertebrate taxon was represented in the analyses of sample duplicates and matrix spikes.

Caduceon Environmental Laboratory analyzed sediment for trace metals (including total
‘mercury), major oxides, total phosphorus, total Kjeldahl nitrogen, and total organic carbon.
Quality control procedures involved éon_trol charting of influences, standards, and blanks.
_Reference material was used in each analytical run. Calibration standards were run before and after
each run. Run blanks and reference standards were run 1 in 20 samples, while duplicates were run 1
in 10 samples.  Sample duplicate measurements of sediment metals, major oxides and nutrients |

were expressed as the relative percent difference: (X ~x2)/ ((x1 +x2)/2) x 100.

An inter-laboratory comparison of analyses for total Hg was conducted based on results from
Flett Research and Caduceon Laboratory. Data were compared by regression analysis. The slope
of the regtession line is a measure of the overall agreement in [THg] determinations, whereas the

~

scatter of points about the line should indicate joint laboratory measurement error.-

Benthic Invertebrate Community Sortin
To evaluate control measures for benthic invertebrate enumeration, each month, a randomly
selected sample that was already sorted was re-sorted, and the number of new organisms found
counted. The perceiit of organisms missed (%OM) was calculated using the equation:

%O0M = # Organisrﬁs missed / Total organisms found x 100
* The desired sorting efficiency is a %OM < 5% (or >95% recovery). If the %0OM was >v5%,, two
more replicate samples were randomly selected and the %0OM calculated. The average %OM
was calculated based on the three samples re-sorted, and represents the standard sorting
efficiency for that month. The average %OM is based on only one replicate sample if %OM is <

5%.

22




I B SN N G U BEF EF I GE B D G B GE Iy G e

4 RESULTS

4.1 Sediment and Water Physico-Chemical Properties

Overlying water

Conditions of overlying water 0.5 m above the sediment are generally similar across at all sites
(Table 4), with overlapping fanges and similar medians for each variable. - Upstream sites have
only slightly lower levels of nutrients (total phosphorus, total Kjeldahl nitrogen, and NO3/NO,)

compared to the rest of the sites overall. Fairly narrow ranges of di__ssblved oxygen, pH,

conductivity, alkalinity, temperature, phosphorus, total Kjeldahl nitrogen, NO3/NO, and
' ammonia are observed at sites along the river (ranging over 2.3 mg/L, 0.3 pH units, 29 uS/cm,

712.5 mg/L, 3.6 °C, 0.03 mg/L, 0.16 mg/L, 0.16 mg/L and 0.03 mg/L, respectively), sﬁggest_i_r_lg a

rellatively homogeneous water mass. Dissolved oxygen is >7.3 mg/L at all sites.

Sedimetit particle size

Sediment particle size data for St. Clair River are shown in Table 5. St. Clair sediments are

coarse generally, consisting mainly of sand, ranging from 51 to 99% (median 89%), followed by

- silt, ranging from 1 to 30% (median 6%). Percent gravel ranges from 0 to 3 8% (median 0.4%).

(15 of 26 sites contain gravel.). Sites 6663, 6664 and 66M 144 are very coarse, with 32, 38 and
28% gravel, respectively. ‘There is very little or no clay at most sites, ranging from 0to 19%

(median 0%). (Only six sites contain clay.) |

Sediment Mercury _ .
The sediment samples analyzed by Flett Research Ltd., as opposed to those analyzed by

Caduceon Laboratory (see Sec: 4.1), better represent resident invertebrates Hg exposure because
each sample analyzed consisted of a subsample from each of the mini-Ponar grabs collected for
résident biota Hg determinations. Also the same sample was used to determine both total and
methyl Hg concentrations. Accordingly, the Flett Laboratory sediment Hg results are presented
below and were also used in the determination of the biota-sediment accumulation factors and in
determination of the relationships between mercury in the sediment and mercury in the benthic
invertebrates. Exceptions include the Hg data for sites 6663 and 6664 (adjacent to Dow) and
6660 (upstream) where Flett data were not available; for these sites, Caduceon Laboratory data
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were used. Complete total Hg results from Caduceon Laboratory are ﬁrovided in Appendix C,
Table C1. '

Total mercury _ ‘

On a dry weight (dw) basis, the lowest total Hg levels were found at sites upstream of the
industrial area, which range from 0.008 to 0.07 pg/g (mean of 0.024 pg/g) (Table 6, Figure 2).
Tetal Hg concentrations in Zone A (adjacent to the indUstry)-rang'e from 0.2 to 49.3 pg/g and in*
Zone B (to the end of Stag Island) range from 0.8 to 3.8 pg/g. Total Hg concentrations at the
three sites downstream of Zone B range from 0.04 to 0.5 jig/g; the site farthest downstream in
the delta (6651) has a similar concentration as the upstream reference sites. The highest Hg
coricentrations are at sites 6663 and 6664 in Zone A (from Caduceon data; Appendix C, Table
Cl), and there is an-overall decrease in Hg with dlstance downstream of 6663. The SEL (2 0

‘ pg/g) is exceeded at 11.of the 26 sites; some sites in Zone B are just sllghtly above the SEL.

Methyl mercury

There are no MeHg data for site 6660 (upstream) and sites 6663 and 6664 (Zone A) (see Section
3.1 for explanation). However, using the mean fraction of methyl Hg to total Hg for upstrearrl

 sites (10.3%), methyl Hg at 6660 was estlmated to be 7 ng/g. Usmg the mean fraction of methyl

Hg to total Hg for sites in Zones A and B (0. 6%) methyl Hg concentrations for sites 6663 and
6664 were estimated to be 296 and 97 ng/g, respect_lvely. For upstream sites, MeHg -
concentrations range from 0.5 to 7 ng/g (mean of 2.5 ng/g) (Table 6, Fi}gure 3). Methyl [Hg]s

-range from 2.4 to 296 ng/g in Zone A, range from 4.9 to 16.0 ng/g in Zone B, and range from 1.2
to 3.8 ng/g at sites downstream of Zone B. The highest (estimated) MeHg correentration is for

site 6663 and overall there is a decrease in methyl Hg with distance downstream although values

tend to fluctuate along the river. The miean fraction of measured methyl metcury relative to total '

mercury for all sites is 2.5% (95% confidence interval (CI) of 0.78 to 4.26%), but is much higher
at the upstream sités (mean of 1:0.3%) compared to sites in Zones A and B (mean of 0.6%). Four
of the five upstream sites and the site in the delta have a percent MeHg greater than the upper CL
A significant positive correlation (r* =0.78, P<0.001) was found between the methyl and total

thercury concentrations in the sediment (Figure 4).
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Comparison of sediment mercury at upstream (reference) sites to downstream sites

For total mercury, all test sites exceed the maximum upstream site concentration, with the
exception of site 6651 (located in the delta) (Figure 2). Almost all St. Clair test sites are between
1 to 3 orders of magnitude higher in [THg] than the 99" percentile of the upstream reference
sites. The medi;m [THg] of all test sites is 170x higher than the median of the upstream

reference sites.

For methyl Hg, 4 of the 5 sites in Zone A and 10 of the 13 sites in Zone B exceed the 99t
percentile for the upstream reference sites (F'igure 3). (Note: the maximum upstream
concentration was estimated - see above). Methyl Hg concentrations at the sites down_stream of
Zone B do nd_t exceed the 99" percentile for the upstream sit_és. The median [MeHg] of all test

downstream sites is ~5x higher the median of the upstream reference sites.

Sediment trace metals and nutrients

Total phosphorus (TP), total Kjeldahl nitrogen (TKN), and total organic carbon (TOC) are

provided in Table 7. The SEL is not exceeded for any nutrient variable at any site. TOC ranges

from 0.3 to 3.2% (median 1.3%), TKN ranges from 190 to 2610 pg/g (median 583 jig/g), and TP

ranges from 123 to 772 pg/g (median 239 pg/g). Sediment nutrient concentrations throughout
the river are similar, with some slight,ly‘higher values observed for test sites in Zone B. The
highest TKN and TP and high TOC is noted for site 66M253, located just below the Talfourd
Creek (seé Figure 1). The highest TOC is noted for site 6663 (Zone A). Trace metals and the

- corresponding provincial lowest effect levels (LEL) and SELSs ate also provided in Table 7.

There are similar concertrations of trace metals throughout the river. Metals exceeding the

LELs include arsenic, cadniium, cdppe‘r,— nickel and lead.’

Nutrient and metal contaminant concentrations repoited to exceed dredge‘dl material disposal
(DMD) guidelines in the river in previous studies (St. Clair River Rap Team 1991 - total
Kjeldahl nitrogen, total phosphorus, arsenic; cadmium, copper, chromjum, iroh, lead, nickel,

zinc, manganese) do not exceed DMD guidelines in the current study with the exception of TKN

at site 66M253 (Zone B) and nickel at site 6663 (Zone A).
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Organic contaminants |
Sediinent organic contaminant concentrations are provided in Appendix D, Tables D1 (2001

sites) and D2 (2004 sites). Concentrations of PCBs, PAHs, Hexachlorobenzene (HCB),
Hexachlorobutadiene (HCBD), and Octachlorostyrene (OCS) are elevated compared to
sediments upstream of the industrial area, similar to that found in previous studies (St. Clair
River RAP Team 1991). Total PCBs range from < detection limit (DL) to 0.2 pg/g and total
PAHs range from 0.08 to 9.94 pg/g. The Lowest Effect Level for t(')ta} PCBs (0.07 ug/g) is -
exceeded at 7 sites, for total PAHs (4 ng/g) at 1 site. Upstream reference concentrations range
from < DL to 0.08 pg/g for total PCBs and from < DL t0.0.2 to 0.3 pg/g for total PAHs.
Hexachlorobenzene concentrations range from < DL to 0.89 pg/g, HCBD ranges from < DL to
0.26 ug/g, and OCS ranges from < DL to 0.11 ug/g. Upstream reference site concehtrations
range from < DL to 0.004 pg/g for HCB, and concentrations are below the DL for HCBD and
OCS. The sites located farthest downstream (6654 and 6651) have similar levels of orgamc

contaminants as the upstream sites. The highest concentrations of PAHs, HCBD and OCS are
found at sites in Zone A, and the highest concentrations of HCB and PCBs are found in Zone B:
‘Organic contaminants were not analyzed at sites 6663 and 6664 and upstream site 6660 (see
Section 3.1 for further explanation). (Sites 6663 and 6664, located adjacent to the Dow property,
- have the hlghest [Hg] — see Appendix C, Table C1.)

4.2 Benthic Invertebrate Community

Using a revised BEAST model which includes 10 reference sites in the St. Clait River itself
(Reynoldson et al. 2003), St. Clair River sites (collected in 2001 only, n=16) have the highest
probability of belongmg to reference Group 3 (15 sites) or to feference Group 1 (1 site, located in
the delta) (Table 8). Many sites, however, do not have a high probability of membership in a
single reference group. Ten of the 16 sites have < 60% probability of group membership, and 4

sites have < 50% probability of group membershlp (probability range: 42 to 77%, median; 54%).

Benthic communities in the St. Clair River sites consist predominantly of Chironomidae

(Diptera) and Tubificidae (Oligochaeta) which are present at all sites (Tables 9a-d). At upstream -

sites (n=5), tubificid densities range from 2451 to 45,819 per m? (mean of 19, 198/m?) and
chironomid densities range from 3016 to 20,812 per m? (mean of 12,660/in°) (Table 9a).

26




Naididae (Oligochaeta) are present at all upstream sites ranging from 101 to 2238 per m® (mean
of 744/m%). Other maCrotfnvertebrate taxon groups present at most or all upstream sites iniclude
ephemerid (9 to 60/m?) and caenid (9 to 60/m?) mayflies (Ephemeroptera), arid gammarid-
amphipods (Amphipoda) (9 to 188/m?) (Table 9a; Appendix E, Table E1). With the exception of
site 6662 (just upstream of the Dow propertjt; tubificid density of 56,152/m?), tubificid densities
in Zone A (945 to 5386/m?) are lower than upstream whereas densities in Zone B (range of 9711
to 59650/m’ ) are overall higher than upstream (Tables 9b-c). Chironomid densities in Zones A
(including 6662) (range of 1990 to 8158/m’ ) and B (range of 1327 to 11037/m?) are generally
lower than upstream sites. Naidid worms are present at most sites in Zones A and B (8 of 9),

with densities ranging, where present, from 34 to 4610/m> (median: 236/m?); most sites have

: loWer densities than the upstream mean. Ephemerids are absent at all test sites with the

exceptlon of 6664 (Zone A; 9/m?) and 6651 (delta; 181/m?; Appendlx E, Table El)) and caenids
are present at 1 Zone A site (6663; 9/m?), at 4 Zone B sites (range of 60 to 1146/m? ), and at site
6654 (Stokes Pt; 1093/m?) (Table El). Gam_marnds are present in Zone A (2 sites) Zone B (3
sites) (range of 3 to 1206/m>) but are absent in the delta (site 6651). Macroinvertebrate family
diversity (based on revised 52-family model - see Section 3.6) ranges from 8 to 23 at the

upstream reference sites (mean of 14 families) (Table 9a), from 2 to 16 taxa in Zone A (Table

9b) and from 6 to 18 taxa in Zone B (Table 9¢). With the exception of sites 6662 (Zone A), 6667

(Zone B) and 6651 (delta) the number of taxa present is greater than the lowest number found at
reference sites (8 taxa) (Tables 9b-d). Six of the 11 test sites have > 14 taxa present (> than the
upstream mean). Site 6662, located just upstream of the Dow property in Zone A, has the lowest .
number of taxa with only tubificids and chironomids present, followed by Site 6667 in Zone B

" with 6 taxa.

The mean relative density of the predominant macroinvertebrate taxa are provided in Appendix
E, Table E2. On average, upstream sites are comprised mainly of tubificids (52%), followed by
chironomids (41%). Naidid worms comprise 2.1%, while amphipods, mayflies, caddisflies
(Trichoptera) and snails (Gastropoda) comprise a minor component (<2.2% in total). Other
groups (i.e., mites (Acari), dreissenids (Mollusca), other oligochaetes) comprise 2.3%. Zone A
sites are variable, with tubificids dominating at 1 site (96.6%), chironomids dominating at 2

(62.5% and 85.9%) and 1 site has a similar density of both taxa. With the exception of Site 6662
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and 6665, other groups comprise between 2 and 7% of the total. Site 6662 is distinctive as it is
comprised of ~97% tubificids, with a minor component chironomids an& no other major taxa
present, indicative of a degraded community. Site 6665 has a very minor combined component
of naidids (0.4%), as well as trichopterans and other taxa (<0.4% each). In Zone B, tubificids
dominate, comprising 72 to 85% of the community, followed by chironomids (2.4 to 20.9%).
Gastropods (0 to 10%) and naidids (0.1 to 5.5%) are also mostly present. Other groups (i.e.,
miteS, 'enc'hytraeid worms (Oligochaeta), empidid flies (Dipteré)) comprise between 0.7 and
7.2% of the total. -

Reference Grbup_ 3

- Reference Group 3 is based on 51 sites, primarily from Georgian Bay (20), as well aé the North
Channel of Lake Huron (10), the St. Clair River (9), Lake Ontario (7), Lake Erie (3), and,Lafke
Huron (2). This group is characterized by Chironomidae, Tubificidae and Sphaeriidae
(Bivalvia), occurring at 100%, 94 and 82% of reference sites, respectively. Chitonomids _ _
comprise 37.7% of the total abundance of families in Group 3, tubificids 19.3%, and Sphaeriids
12.5%. To a lesser degree, Naididae, Valvatidae (Gastropoda), Sabellidae (Polychaeta), B
Asellidae (Isopoda) and Ephemeridae are also present in Group 3 (occurring at 31 to 67% of
reference sites and comprisirig 1.4 to 6.5% of the total abundance). 'Tablés 9a-c show the mean
ébundance of these families at the 15 St: Claif River sites fhat.havé the highest probability of"
belonging to reference Group 3. Chironomids and tubificids are present at all sites in increased
abundance compared to reference sites (from ~1.1 to 17x and from ~1.5 to 96x higher,
respectively). Sphaeriids are either absent or present in decreased abundance with the exception
of one site (6669-Zone B), and naidids are present at all sites except one (6662-upstream of Dow
property). Remaining families are absent from the majority of sites, and with some exceptions,
families are present in decreased abundance compared to reference. Four of the five upstream
sites have mayflies-present, while mayflies are present at only 2 downstream sites (6664 and
6651 — see reference Group 1 below). With the exception of 3 sites (6662, 6665, and 6667),
family diversity is the same or higher than the reference mean. Upstream US site 6698 has the

greatest diversity (22 taxa), while 6662, located just upstream of the Dow property, has the

lowest (2 taxa).
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Reference Group 1

Reference Group 1 is based on 35 sites, primarily from Lake Erie (22); as well as L. Michigan
(5), Georgian Bay (4), Lake Ontario (3), and the St. Clair River (1). This group is characterized
by Tubificidae (occurring at 100% of reference sites), Chironomidae (occurring at 97% of
reference sites) and Sphaeriidae (occurring at 83% of reference sites). Tubificids comprise 53.8%
of the total abundance of families in Group 1, chironomids 16.4%, and sphaeriids 12.3%. To a

lesser degree, Naididae, Dreissenidae and Valvatidae are also present in Group 1(occurting at

 between 43 to 74% of reference sites and comprising 0.6 to 4.1% of the total abundance). Table

9d shows the mean abundance of these families at site 6651 (located in the North Channel of the
delta), which has the highesf probability of belonging to reference Group 1. Tubsificidae and

~ Chironomidae are present in increased abundance eompared to reference sites (~2.5x% and 8.2x

higher, respectively), while Sphaeriidae are in decreased abundance (~6.7x lower). The -
remaining 3 predominant reference families are absent from 6651. However, Epheémeridae
(mayfly), which have a low percent occurrence (5.7%) and low mean abundance (3 5/m%) at the -
reference sites, are présenf at 6651 in increased abundance compared to reference (181/m2;
Appendix E, Table E1). Enchytraeidae (Oligochacta) are also present at 6651 (60/m?; Appendix

E, Table E1). These worms are only present occasionally in Group 1 reference sites (8.6%) and

(in low abundance (reference mean of 8.7/m>). Taxon d1vers1ty at site 6651 ¢ taxa) is below the

Group 1 reference mean (~7 taxa) (Table 9d).

Results of the BEAST benthic invertebrate community evaluation are summarized in Tables 9a- |
d. Ordinations are shown in Appendix F, Figures F1 to F4 (stress < 0. 16) Four separate

ordinations were performed each with a subset of 1 to 5 St. Clair R1ver sites.

St. Clait sites fall into the following bands of similarity to reference conditions:

Band 1 (equivalent to reference): 1 site (6663)

Band 2 (possibly different): 4 sites (6660, 6664, 6665 and 6651)
Band 3 (different): . 4 sites (6697, 6667, 6668 and 6654)
Band 4 (very different): 7 sites (6648, 6661, 6698, 6662, 6699, 6666 and 6669)

29



Macroinvertebrate families that are most highly correlated to the ordination axes scores are
Tubsificidae and Chirpnomidae (r*: 0.50 to 093 and 0.31 to 0.71, respectively), followed by
Sphaeriidae (*: 0.40 to 0.57). Generally, movement of sites outside of the reference condition is
associated with increased abundances of several taxa, predominantly Chironomidae and
Tubificidae, which are maximally correlated to the movement of sites outside of reference and .
are shown as vectors in the ordinations (Appendix F, Figures F1 to F4 - some families are
difficult to see in the ordinations as theyA are Superimposed on each other). The relationship
between the cbmr_nunit_y response and habitat variables was examined by corfelat_ion of the
ordination of the community data and the habitat information. Sixteen habitat variables are
sxgmﬁcantly (p=<0.01; 12>0.20) correlated with the three ordination axes scores: Hg, Cu, depth,-
loss on 1gmt10n (LOD), partlcle size fractions of the sediment (mean 75th and 25™ percentlles)

" CaO, total-organic carbon (TOC), MgO, P,0s, temperature (Temp), NO3/N02, total phosphorus
in the overlying water (TP(W)), clay and dissolved oxygen (DO). Those oriented with the |
position of the St. Clair River sites are illustrated in Figures F1 to F4. Most notable is that Hg
appears associated with the movement of some sites 6utside of reference (Zone B sites - Figure
F3). The contribution of organic contaminants are not known (organic contaminants were not. . .
measurgd in the Great Lakes reference sites and therefore a comparison to test sites is not

possible using BEAST multivariate methods).

Comparison of Ugstream to Downstream Sltes
The HMDS (using St. Clair River invertebrate famnly data only) reveals that three axes define the

structure in the data (stress = 0.12). The data, summarlzed on Axes 2 and 3, are shown in
Appendix F, Figure F5. The degree of similarity among sites is indicated by the spatial
proximity of sites in ordination space; sites in close proximity are similar in community
composition. Of the upstream sites, 6661 and 6698 are most similar to each other but generally
upstream sites show variability along all three axes. denstr‘eam sites also show variation along
all three axes. Famllles highly correlated with the ordmatlon axes scores include Tubificidae (
=0.87) and Chlronomldae (r2 0.65) (shown as vectors in Figure F5). Also s1gn1ﬁcantly
correlated (p<0.05) are the moth Pyralidae (Lepidoptera) (r* = 0.48), the caddisfly
Bfachycentfidae (r* = 0.47), and the snail Hydrobiidae (r* = 0.42). Higher abundances of
Tubiﬁcidae are associated with sites in Zone B (6699, 6666, and 6669) and higher abundances of
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Chironomidae are associated with upstream sites (6698 and 6661) as well as the site in the delta
(6651). Two environmental variables are significantly correlated to the ordination sité scores:
particle size (25" percentile, r’=0.87), and %silt (*=0.64). Mercury is not significant. Sites 6648

(upstream), 6651 (delta) and some sites in Zone B are located along an increasing gradient of silt

‘and a lower particle size (as 25™ percentile). Sites in Zone A, alternatively, are located along an

increasing particle size (25 percentile) gradient; these sites are coarse, containing a fairly high

percentage of gravel.

The ordination site scores were used to compare benthic communities of St. Clair River

downstream sites to those of upstfeam (refefence)vsites. The ANCOVAs were performed,

- separately for each of the three axis ordination scores. Covariates selected for the ANCOVAs ‘

were the significantly correlated variables (25™ percentile particle size, %silt). The F-tests
indicate no significant differences between upstream and downstream sites. Site comparisons
made using log(x)-transformed family divetsity and log(x)-transformed abundances of tubificids

and chironomids also indicate no significant differences between upstream and downstream sites.

4.3 Sediment Toxicity Tests

Mean species survival, growth, and reproduction in sediment from St. Clair River sites are

‘provided in Table 10. The established numeric érite_ria for each category (non-toxic, potentially

toxic and toxic) and for each species are also included. (Note: Toxicity tests were not performed

at 6663 — see Section 3.1 for further explanation).

There is reduced mayfly survival at two sites: 6664 (Zone A - 78%) and 6666 (Zone B - 76%).

- However, the majority of sites (16 of 26) show enriched mayfly growth (greater than two

show enriched growth at 1 site each. Reproduction (Tubifex cocoon and young production) is
low at site 66M144 (Zone B). Sites 6667 and 6669, which were sampled in 2001 and 2004,

generally show similar results.

Results of the BEAST toxicity evaluation are summarized in Table 10. Ordinations are show_n in

Appendix G; Figures G1 to G3 (stress < 0.09). Each figure tepresents a separate ordination with
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a subset of St. Clair River sites. Toxicity endpoints that aré most highly correlated (r* > 0.884)
to axes scores are Chironomus survival (Crsu), Tubifex young production (Ttyg), and Hyalella
survival (Hasu). Monte-carlo random permutations reveal that these endpoints are significant in
the ordination space (rather than a random artifact of the data). Measured environmental
variables are weakly correlated (r* < 0.11) to the axes scores in all ordination; the most highly
correlated significant environmental variables are depth (r*: 0.097 to 0.11, Figures Glto G3),
temperature (r2:- 0.081 to 0.10, Figures G1 and G2) and Na,O (r*: 0.083 to 0.089, Figures G1 and
G3) and TOC (r? = 0.094, Figure G2). Mercury is not s'igniﬁéantly correlatéd (Figurés G2 and
G3), or is very weakly correlated (r2=0.07v5; Figure G1).

- St. Clair sites fall into the following bands of si,mila,rit"y to refe;erice conditions:

Band 1 (non-toxic): ' 22 sites _

Band 2 (potentially toxic): 3 sites (6664, 6666, and 66M144) -
‘Band 3(toxic): 0 sites '

Band 4 (severely toxic): 0 sites

Most sites are non-toxic. One site in Zone A (6664) and two sites in Zone B (6666 and 66M144)

are potentially toxic.

4.4 Biomagnification Potential

4.4.1 Invertebrate mercury levels

Total mercury

On a whole-body, dw, uncleared-gut basis, chironomids and oligochaetes show a similar range of -

[THg] across sites: chironomid [THg] ranges from 58 to 1710 ng/g (mediah 277 ng/g);-
oligochaete [THg] ranges from 42 to 1626 ng/g (median 251 ng/g) (Table 11). Overall lower
THg in biota are found at the upstream sites for both taxa (range of 58 to 198 ng/g; mean of 94
ng/g) compared to sites in Zone A (range of 49 to 1710 ng/g; median of 712 ng/g), Zone B
(range of 155 to 1190 ng/g; median of 319 ng/g) and downstream (range of 42 to 279 ng/g;

median of 189 ng/g). Logged concentrations of THg in chironorhids and oligochaetes are

significantly correlated (=0.42, P<0.001).
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Methyl mercury

Chironomids show a greater range of [MeHg] than oligochaetes aéross all sites. Chironomid
[MeHg] ranges from 8.1 to 148 ng/g (median of 51 ng/g) and oligochaete [MeHg] ranges from
0.3 to 49 ng/g (median of 13 ng/g) (Table 11). Chironomids accuimulate more MeHg than
oligochactes at all sites. Overall, biota fromi upstream sites have lower [MeHg]s (range of 0.3 to
23.8 ng/g; mean of 10.2 ng/g) than Zone A (range of 4.4 to 148 né/g; median of 36.8 ng/g),
Zone B (range 6f 7.9 to 104.5 ng/g; median of 37.0 ng/g) and downstrearﬁ sites (range of 1.6 to
72.5 ng/g; median of 14.2 ng/g). The correlation between chironomids and oligochaetes for
log[MeHg]iny is SIgmﬁcant (r2—0 66, P<0.0001).. - :

Comparison of mercury in biota at upstream sites to downstream sites

Total and methyl mercury in chironomids and oligochaetes at the upstreai reference sites

compared to downstream sites are shown in Figures 5 and 6, respectively.

Chironomids — Total Hg Al sites except 4 (6662, 66M253, 6654 and 6651) have [THg]
greater than the maximum (99% percentile) of the reference site concentrations (Figure 5). The
highest accumulation occurs at sites 66M76 and 6665 (Zone A). (Note: Biota were not collected
from the sites that have the highest THg (6663 and 6664) — see Sectlon 3.1 for further

explanatlon ) Overall there is a-decrease in THg levels w1th distance downstream of Zone A.

- Oligochaetes — Total Hg Al sites except two (6662 and 665 1) exceed the maximum

reference site concentration (F igure 5). The highest accumulation occurs at 6665 (Zone A) and

the lowest accumulation at the site farthest downstream in the delta (6651).
Chironomids — Methyl Hg  All test sites, except three (6662, 6654 and 6651) exceed the

maximum reference site concentration (F igure 6), similar to that seen with total Hg. The highest

accumulation is at 6665 (Zone A). _

Oligochaetes — Methyl Hg Al test sites except the one farthest downstream (6651) exceed the

maximum reference concentration (Figure 6). The greatest accumulation in oligochaetes occurs
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at site 6665 (Zone A), similar to what is seen for THg, as well as that seen for MeHg in
chironomids. ’

4.4.2 Biota-sediment accumulation factors

The biota-sediment accumulation factors (BSAFs) for total and methyl mercury are shown for
upstream and downstréam sites for each taxon in Figure 7. For THg, BSAFs are similar for both
taxa and are greater for the.upstr‘éam reference sites (range: ~3 to 25), than the downstream sites
(range:~ 0.1 to 2). In general, ~éi’tes that show a BSAF >1 are those with the lowest sediment total
mercury concentrations. The BSAFs for MeHg are greater than those for THg for the

downstream sites. Chironomids accumulated more MeHg fha,n oligochaetes at both upstream

" . and downstream sites overall. For upstream sites, the range in BSAFs for chironomids and

oligochaetes is ~9 to 48 and ~0.3 to 5, respectively, and for dowhstream 'siiés is ~2 to 21 and

~0.7 to 9, respectively. -

443 Relatiohships between mercury in biota and sediment

Total mercury _ | -

Concentrations of total Hg in each invertebrate taxon vs. total Hg in sediment are plotted in
Figure 8, with fitted regression lines using sediment [THg] alone as the predictor. For both taxa,
~ the slopes are significant (P < 0.001) with R? values of 0.55 (chifonomids) and 0.48
(oligochaetes). Predlctlon of [THg]m,, is improved with the followmg additional predictors:
dissolved oxygen, total Kjeldahl N (overlying water), %sand, manganese and site depth for the
chironomid model, and, %sﬂt, %sand and NO3/N02 for the oligochaete thodel (Table 12). These
brought the R’ values to 0.91 and 0.71 for chironomids and oligoc};detes respectively. For both
taxa, [THg]sed is the strongest or an equally strong predictor (P< 0.001). Coefficients for all
predlctors are negative except for dissolved oxygen, %sand and manganese for the chironomid

'model

~ Methyl mercury
The relationships between MeHg in invertebrates and MeHg in sedlment (Figure 8, Table 12) are

sirilar to those for total Hg. With [MeHg]sea alone as the predictor; regressions are significant
for both taxa (P < 0.001), with R? values of 0.51 (chironomids) and 0.53 (oligochaetes). For

chironomids, the regression accounts for more variability in [MeHglinv with the addition of iron
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(negative coefficient), and the R2 value is increased to 0.66. As with [THg)seq, [MeHg]seq is the
most important predictor of [MeHg]iny in the multiple linear regressions for chironomids (P <
0.001). For oligochaetes, the regression accounts for more variability in [MeHg]inv with the
addition of manganese (negative eoefﬁ'cient), with an increase in the R* value to 0.75. Both
predictors are eqﬁally strong (P < 0.001). The fact that (a) the models that best predict [MeHg)iny
include [MeHg].q as the most significant term or equally significant and that (b) the magnitudes
and directions of the regression coefficients are more or less stable across various models,

suggest real relationships between [MeHg]inv and [MeHg]seq.

4.5 Predictions of Methy] Mercury Conceht_rat_ions in ,Reeeptors

45.1 Presentation of model outcomes '

Predicted concentratlons of MeHg in each receptor species for each samplmg site, calculated by
mul_t;plymgobserved mercury concentrations in invertebrates (wet welght values from Appendix
B, Table B2) by the appropriate FCMs (from Table 3), are shown in Table 13 and Figure 9.
Receptor MeHg coricentrations are presented Sepa’ra_tely for “minimum”, “intermediate” and

“maximum” levels of mercury exposute and uptake scenarios. In each subfigure, predicted.

" [MeHg]. for one of the receptofs is presented in bar charts comparing upstream (reference) and

downstream sites. In the bar charts, which have the same logarithmic scales in all subﬁgures, :
two criteria concentratlons are marked: (1) the maximum (= 99™ percentlle) of the predicted
[MeHg]:.. for the reference sites, and (2) tissue residue guidelines (TRGs) for the fishes. The
tissue residue guidelines (TRGs) apply only to the fish receptors. They refer to the

concentrations of MeHg in the diets of wildlife that consume aquatic biota. The TRG"vused for

- MeHg is the lowest of the reference concentrations derived by Env1ronment Canada (2002) for

the protection of w1ldhfe receptors in the AOC that consume aquatlc biota: 92 ng/g ww. This
pertains to the American mink (Table 12 of Environment Canada 2002). The recommended
TRG for the protection of all wildlife species — 33 hg/g ww — was not considered appropriate |
because it is based on the reference concentration for Wllson s Storm Petrel, which is not native

to the St. Clair River area (EC 2002).
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4.5.2 . Exceedences of criteria
Exceedences of both criteria are_summarized in Table 14, and do not include results for sites

6663 and 6664 (Zone A), where biota could not be collected.

Methyl Hg — minimum ~ The low predictions of [MeHg]e. result in 18 of 19 test sites
exceeding those for the upstream sites (Figure 9). Of these 18 sites, the number of sites at which
the predicted [Hglrc exceeds the TRG is 0 for the sucker, 3 for the perch, and 0 for the walleye. -

No exceedences of the TRG are predicted for the receptors at the reference sites.

" - Methyl Hg - intermediate The intermediate predictions of [MevH'g]rec result in 15 test sites

exceeding those for the upstream reference sites (Figure 9). Of these 15 sites, the number of
sites at which the predlcted {Hg]rec €xceeds the TRG is 0 for the sucker, 7 for the perch and 14

for the walleye. No exceedences of the TRG are predicted for the receptors at reference sites.

" Methyl Hg — maximum The maximum predictions of [MeHg):ec tesult in 15 sites
exceeding those for the upstream reference sites (Figure 9). Of these 15 sites, the number of
sites ét which the predicted [Hg]..c exceeds the TRG is 1 for the sucker, 14 for the perch and 15

- for the walleye. In comparison, reference site exceedences of the TRG are predicted at 0 sites for

th‘e sucker and perch, and at all sites for the walleye.

453 Overall patterns ‘ _
Beyond the comparisons of predlcted [MeHg]ye. for St. Clarr River sites to the upstream -
reference sites and to the TRG, patterns are evident in the differences in predicted [MeHg]r.

among the five receptors, and among the three exposure and uptake scenarios.

Among receptors _
Predicted [MeHg]rec generally increases w1th the trophic level of the receptor with the mean

mink predictions being ~2x to 50x those of the sucker. Consequently, the number of sites at
which [MeHg]. exceeds the TRG, and the amount by which the TRG is exceeded, increases
with the trophic level of the receptor. However, the number of sites at which predicted -

[MeHg]e. exceeds the maximum of the upstream reference site concentrations is the same

36

b
. ,




among receptors. This is because within a series (i.e., any of the minimuim/ intermediate/ -
maximum groups), [MeHg]. all derive from the same [I.\/Ie'Hg]inv values. Differences among
predicted [MeHg]r. values reflect differences among uptake pathways in the FCMs from Table
3. The pattern of variability among sites is the same for all receptors within a scenario (i.e., the

[MeHg];ec values are fully correlated among receptors). -

Among exposure and uptake scenarios

Looking at the dlfferences in results from the exposure and effect scenarios mvolvmg the same
receptor, mean predicted [MeHg]rec ranges ~6x (sucker) to ~170x (mink). The mean [MeHg]rec

differences between exposure and effect scenarios are very similar for the sucker and the perch

and for the walleye and the mink. Differences ¢ among scenarlos increase overall with trophic

level of the receptor due to the i increase in variability in the FCMs as the trophic pathway

| lengthens

4.6 Quality Assurance/Quality Control

Field replication

Variability among site replicates in a measured analyte has three sources: natural within-site
heterogeneity in the dlstrxbutlon of the analyte in sediment or water, differences i in handling

among samples and laboratory measurement error. Among-triplicate vanablllty indicates the

~ overall “error” associated with quantifying conditions at a site based on a single sample.

Coefficients of variation (CV) for measured analytes in the sediment and overlying water for the

field-replicated station are shown in Appendix H, Table H1. Overall variability is low, with

CVs ranging ; from 0 to 74.6% (median 6.0%), and differences in varlablhty are seen among the
varlables The hlghest variability is noted for %gravel, followed by MeHg (54.1%) and %TOC
47.4%).

Laboratory _
Results for Flett Laboratory duplicates, triplicates and repeat analyses for mercury m sediment

and biota are prov1ded in Tables 10 and 11. There is good agreement between sample replicates

and repeats. Mean CVs for duplicate/triplicate/repeat analyses are 16.1, 9.9, 14.0 and 9.6% for

[THg]sea, [MeHg]seq, [THg]iny and [MeHg]in, respectively. These are lower than those reported
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for other studies using gas chromatography and cold-vapour atomie fluorescence spectroscopy
(Paterson e&t. al. 1998). Matrix spike recoveries and certified reference material recoveries are
provided in Appendix H, Tables H2 to H4. For total Hg (sediment and biota), spiked recoveries
range from 80 to 110% (overall mean of 99%) and reference material recoveries range from 91
to 110% (overall mean of 100%). For methyl Hg (sediment and biota), mean spiked recoveries
range from 80 to 108% (overall mean of 95%) and referencé material recoveries range from 77
to 99% (overall mean of 87%). The overall range of spike recoveries (80 to 110%) is
comparable to that obtained by Lawrence and Mason (2(_)01)», who used similar analytical

methods.

Results of Caduceon Laboratory duplicate measurements of sediment metals major oxides and
nutrients, expressed as the relative percent difference, and correspondmg analyses of lab blanks
and reference materrals are provided in Appendix H, Tables H5 and H6. The relatrve percent

" difference ranges from 0 to 55% (mean of 8%) (Table H5). Laboratory blanks (water) range
from <0.00006 to < 0.2, and percent recoveries for samplé fneasurements range from 65 to 120%
(mean of 96%). Recoveries for reference materials range from 75 to 129%, but are mostly

between 90 and 100% (Table H6).

The inter-l:aboratory ‘comparison for analyses of total mercury in sediment is described in
Appendix H. Results show a fair agreement between measurements: the slope of Flett [Hglses vs.
Caduceon [Hg]seq is 0.76 and the percent explained variability () is 78%. The greatest
differenice between the two labs is for site 6648 (THg Caduceon 1.04pug/g; Flett 0.012pg/ g)
Removing 6648 from the regressron results iri a slope of 0.83 and an 1? value of 0. 95 It is unclear
why there is a large disagreement between the two laboratories for site 6648. However, Pope
(1993) ,repor_'ts a sediment total Hg concentration of 0.01 jig/g for site 6A (=6648) in a 1990
survey of the river, which is the same concentration that Flett Laboratory provided for site 6648

in the current study.

Benthi¢ Invertebrate Community Sorting
The mean percent community sortmg efficiency for St. Clair River samples i is 3.3%, or >96.7%

recovery. This indicates that a good representatlon of the benthic commumty present at test s1tes _
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was likely achieved. This sorting efficiency represents the average for 2 sorters over a 5 month

period.

5 DISCUSSION

5.1 Mercury Levels
5.1.1 Sediment

_Concentrations of THg m the upper 10 cm layer of sediment from all sites except the site farthest

downstream in the delta are elevated above upstream reference site [THg] (Figure 2, Table 6).

Mercury contamination is greatest in Zone A; ~60% of sites in Zones A (and Zone B) are > 2

~ ng/g (=SEL). The CCME (1999) freshwater sediment quality guldelme (Probable Effect Level

(PEL) for THg (0.486 pg/g) is exceeded at all sites in Zones A and B except the 1 site just
upstream of the Dow property (6662), and the 2 sites farthest downstream. Upstream reference
site [THg]seq are in the range of 0.008 to 0.07 pg/g, which is similar to background
concentrations of 0.003 to 0.16 ug/g for Lake Huron[Georgian Bay reference sites (n=76)
(Unpublished data, Environment Canada 2004). The maximum [THg] in the St. Clair River
(49.3 pg/g) is greater than the maximum concentrations of 5.6 vpg/g and 32.2 pg/g, observed for
contaminated sites in the St. Lawrence River (at Cornwall) and Peninsula Harbour, respectively
(Grapentine et al. 2003a,b). For MeHg, a similar pattern is observed with the highest (estimated)
concentrations in Zone A (Figure 3, Table 6). Sediment [MeHg]-is strongly related to sediment
[THg)seq (Figure 4), with MeHg making up an overall average of 2.5% of the THg (10.0% for
upstream reference sites; 0.6% for sites in Zones A and'B; 2.3% for sites downstream of ane
B). The percentage of MeHg to THg for the St. Clair River test sites is similar to that observed
for St. Lawrence River and Peninsula Harbour test sites (0.4% and 0. 2%, respectively)
(Grapentine et al 2003a,b). The spatial pattern of these results is strong evidence for a local (as
opposed to regional) source of Hg to Zone A. In 2001, the MOE sampled the top 5 cm of
sediment at 25 transects in Zones A and B with each transect consisting of 3 stations at
increasing distances from shore. Four transects were sampled in Zone A, and 18 in Zone B
(Thorburn et al. 2003). Zone A had the highest sediment [THg], ranging from 0.71 to 14 ug/g
(median 2.2 pg/g), while total [Hg] in Zone B ranged from 0.01 to 9.3 pg/g (median 1.2 ng/g).
The highest concentrations of other priority c,ontamjnants (HCBD, HCB, OCS and PCBs) were
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also found in Zone A, similar to that found in the current study (the highest PAHs, HCBD and
OCs are in Zone A and the highest HCB and PCBs in Zone B).

5.1.2 Benthic invertebrates

Both THg and MeHg are taken up by the two invertebrate taxa assessed. For THg, BSAFs
(based on whole-body, uncleared-gut concentrations) are >1 for the upstream reference sites and
< 1 for all sites downstream except 6651 (both taxa) and 66M76 (chironomids). For MeHg,
BSAFs are >1 for all sites analyzed except‘665 1, 66M253; and 2 of the 4 upstream reference
sites (oligochaetes). For THg, BSAFs range up} to ~ 25 and ~ 2 for upstream and downstream
sites, respectively; for MeHg, the corresponding maximums (including outliers) are ~ 50
(upstream) and ~ 21 (downstream sites) (F igure 7). Chironomids have higher BSAFs than

| oligochaetes. Tremblay et al. (1996a,b), in a study of two reservoirs and a natural lake in
Quebec, reported BSAFs for detritivorous insects to be 1.9 to 2.8 for THg and 5.2 to 22.6 for
MeHg, similar to.the BSAFs for sites in Zones A and B in the current study. Gut contents were
included in the mercury analyses of the biota in the current study, which could obscure true
BSAFs. As the amount of sediment in the gut increases, the measured BSAF will converge to 1.
A true BSAF < 1 will be overestimated beCause the concentration in the sediment is greater than
.the tissue concentration, whereas a true BSAF >1 will be underestimated because sediment

concentrations are lower than that found in the tissue (Beehtel Jacobs 1998).

Generally, [Hg]iv at sites in Zones A and B are several fold hlgher than the [Hg],m, for the
upstream reference sites, and total and methyl Hg invertebrate concentrations are elevated above
the maximum of the reference sites at the majonty of sites (79 to 95%). Site 6665 (Zone A) is
highest in [THg]iny and [MeHg]iny for both taxa (except for 66M76, also in Zone A, which is
highest in [THg] for chironomids. ) It might be expected that the greatest Hg accumulation-
would have occurred at sites 6663 and 6664 where the highest sedlment total Hg is observed, and

where biota could not be collected for Hg tissue analysis.

5.2 Sediment Toxicity’

The use of multivariate assessment for toxicity test endpoints is advantageous as it reduces the

redundancy between endpoints, and also down weights the Tubifex endpoints (i.e., the Tubifex
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test has four measurable endpoints while the other tests have two each) (Reynoldson 1998).
There is no strong evidence of toxicity in the St. Clair River (because no sites scored beyond the
99% probability ellipse for the reference sites in Figures G1 and G2). The mayﬂ'y, Hexagenia
spp. is most sensitive of the four laboratory organisms, showing decreased survival at 2 sites, 1
located adjacent to Dow (6664), and 1 just upstream of the Talfourd Creek outlet .(6666). Also
affected is the worm Tubifex at the site just downstream of the Talfourd Creek outlet (66M144)
with a low number of cocoons p’roduced per adult, as well as a low number of young produced. |
The low number of cocoons suggests that the stressor(s) effect is primarily on gaunetogenesis
(cocoon production). The majority of sites (65%), however, show enrichmerit, 'with mayfly (or

amphipod) growth exceeding two standard deviations of the Great Lakes reference mean. Total

- Hg is either very weakly corrélated = 0.075) or not significantly correlated to toxicological

response. It should be noted, however, that toxicity tests were not performed at site 6663 where
the greatest sediment Hg contamination occurs (see section 3.1 for further explanation), thus it is

not kriown whether this sediment would be toxic.

5.3 Benthic Invertebrate Community

Some of the St. Clair River test sites were not well matched to a distinct group of Great Lakes

reference sites; therefore, comparison of these test site communities to the reference group

communities is suboptimal. Although the BEAST model was revised to include connectjng :
channel sites, the majority of sites in reference groups 1 and 3 consist mainly of lake sites. Group
1 (n= 35 sites) has 1 site located on the St. Clair River and Group 3 (n = 51 sites) has 9. The
scoring of test sites in Band 3 or Band 4 outside of the reference area 1s primarily due to the high
abundances of Tubificidae and Chironomidae compared to the Great Lakes reference sites.
Multidimensional scaling, which uses raw counts, is more sensitive to changes in abundance as
opposed to richness. On average, Group 3 reference sites are comprised of ~3 8% chironomids,
~19% tubsificids and 12.5% sphaeriids (Table E2), whereas most of the test and upstream St.
Clair River sites have 240% tubificids, and >20% chironornids ahd sphaeriids are abserit or
comprise very little of the total abundance. Other taxa present in the Group 3 reference sites,
such as Sabellidae (polychaete worms) and Asellidae (isopods), are absent at all St. Clair Rlver
sites with the exception of upstrearn site 6698 (low abundance of asellids present) and

Ephemieridae, a minor taxon in reference Group 3, is present at 4 of the 5 upstream sites but onily
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1 test site (6664, Zone A) (Tables 9a-c). The majority of St. Clair sites (12 of the 16) have taxon
diversity that is the same or greater than the Great Lakes reference mean. Differences in
biological structure between the upstream sites (local reference) and downstream sites, . -

determined by ANOVAs with adjustments for covariates, were not significant (p < 0.05).

In a benthic community assessment of the Upper St. Clair River in 1994, most communities were
found to be dominated by pollution-tolerant tubificid worms end chironomids (Farara and Burt
1997). The study consisted of 13 transects with 3 stations per transect extending from the.
shoreline at various distances. Stations were located in an upper, middle and lower area of Study
Zone 1 (from downstream of the Sarnia STP to downstream of the Dow chemical 2™ street
outfall); which would fall in Zone A in the current study. Tubificid densities in the Farara and
Burt (1997) study were lower overall than that found in the current study, ranging from 82 to.
33,116 per m? (median of 4506/m?, mean of 8568/m?), and were represented by 14 species as
well as unidentifiable worms (with and without chaetal hairs). The most common tubificids were
Limnodrilus hoffmeisteri, L. udekemianus and the immature tubificids without chaetal hair. In the
current study, there are 16 species identified as well as the smaller unidentifiable Wdrm‘s. The

" most common tubificids included immatures (greater amount with chaetal hairs in downstream
sites and greater amount without chaetal hairs at upstreamr reference sites), Aulodrilus pigueti '
(absent in 1994 study), L. hoffineisteri, L. udekemianus and Quistradrilus multisetosus (Table
E3). Differences i in species composition and abundance between studies could be due to the time
of sampling (June 1994 vs. September in the current study), as well as mesh size used in sieving
process (600-pm in the 1994 study vs. 250-pm in the current study). A larger mesh size used in
the 1994 study likely‘ would have resulted in the loss of the smaller mature worms as well as
1mmature worms. Therefore reported densities could be underéestimated in the Farara and Burt
study. Discrepancies could also be due difference in actual sampling location. Chlronomld
densities in the Farara and Burt (1997) study are also lower than that found in the current study,
ranging from 18 to 8898 per m? (median of 1601/m?, mean of 2273/m?), and were represented by
33 genera. The most common chironomids found were Polypedilum and Phaenopsecfra,
gen‘era_ily considered pollution tolerant taxa. In the current study, 38 genera were identified, with
the most common being Polypedilum and Tribelos (present at all sites), followed by Procladius

and Chironomus, present at 15 of the 16 sites. Chironomus, which are generally moderateiy
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tolerant, were present only occasionally in the 1994 study and there were no Phaenospectra

found in current study. Again, differences could be attributable to time of sampling, and different

‘methodologies in sample processing (see above). In the 1994 study, chironomid pupae were

found at 92% of the stations (6 to 179/m?) indicating that they were enierging at the time of

sampling in June (Farara and Burt 1997). In the current study, no pupae were found at any site.

5.4 Effects of Mercury, in Sediment on Merciry in Invertebrates

Mercury concentrations in chironomids and oligochaetes from the St. Clair River are
signiﬁcantly influenced by sediment mercury (Table 12, Figure 8). The log-log relationship for
[Hg]sed and [Hgliny across sites is similar for both taxa when Hg alone is used as a predictor.
With the addition of m‘ulti]Sl'e predictors, the amount of véri_a_ncc explained ir_xcreases,' and in all
cases [Hg]sed is the most sigﬁiﬁcah_t or is an equally significant predictor of [Hg]iny. In the

multiple regression models for predicting [MeHg]im,, sediment iron and manganese are.

significant (P<0.009) predictors in the models and increase the amount of variability explained

by ~13 -22%. Both iron and manganese predictors are négatiVely correlated with [MeHg]iny-
Concentrations of Hg in the benthic invertebrates were measured without clearing their guts.
Thus, a fraction of the observed [Hg]iny could b'include sediment-bound Hg in the gut This is
relevant for assessing uptake of Hg by predators of invertebrates, which consume whole
orgénisms, and can also factor in the strength of the [THg]seq - [THg)inv relationsh,ip.
Concentrations of THg in sediment are génerally between 1 — 3 orders of magnitude greater than
those for MeHg, and [THg] varies more among sites. The chironomids accumulated rhore MeHg
than the oligochaetes at all sites, however the [MeHg]sed [MeHg]iny relatlonshlp is shghtly

stronger for the oligochaetes.

Several other studies report similarly significant relationships between [Hg] in sediment and

[Hg] in benthic invertebrates. Bechtel Jacobs (1998) reviewed data from 15 studies of [Hg] in

freshwater benthic invertebrates and sediment. In 13 of these, invertebrate guts were not cleared.

Slopes of log[THgJixy Vs. log[THg]seq regressions were 0.327 + 0.246 (mean + S.E), and the
mean r* was 0.12. The slope is similar to the slopes observed for the current study; 0.337 and
0.329 for chironomids and oligochaetes, respeétively;- Tremblay et al. (1996a,b) found a
correlation between [MeHg] in chironomids and [MeHg]seq of r=0.78 (P<0.005, n=1 8) fora
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series of Quebec lakes, very similar to the present study where there is a correlation of r=0.74
(P<0.001, n=23) for chironomids. In assessments of bioaccumulation by chironomids from Hg-
contaminated and reference sediments in the St. Lawrence River (at Cor’nwall) and Peninsula

* Harbour using the same methods as the current study (Grapentine et al. 2003a,b), agreement

between studies for log[Hgliny vs. log[Hg]sea regressions is better for total Hg than for methyl Hg.

The corresponding slope coefficients (Cornwall/Peninsula Harbour/St. Clair River) are:

o THg in chironomids =0.570 / 0.431 /0.337 |

o MeHg in chironomids = 0.160 /0,163 / 0.579 ‘

Results from this assessment indicate that [MeHg]in is largely dete'rfnin_ed by [MeHg]seq.
Observing positive relationships between sediment and invertebrate mercury concentrations is.
evidencé that mercury transfers from sediment into the food web, and the relationship observed
for [MeHg]iny (ch‘i‘roné'mids) in the curre_ht study is stronger than thét observed for the Cornwall

and Peninsula Harbour studies.

5.5 Predicted Methyl Mercury Concentrations in Receptor‘Species

5.5.1 Integration of prediction outcomes

- Models involving a range of biomagniﬁcation cqnditions_ were used to predict potential [Hg] in
receptors. Five receptor species were considered to encompass the trophic levels linking

sedimeits to the top predators, where biomagnification is expected to be greatest. Three levels

of dietary exposure and trophic transfer of Hg were assumed: minimum and maximum scenarios

to bracket the range of potential outcomes and an intermediate scenario to characterize “average”
‘conditions. Conclusions determined from overall evaluations of the model outcomes should
consider: , '

o [MeHg]y. for exposed sites compared to [MeHg]rc for upstream (references) sites;

o [MeHglec relative to the TRG; _ " -

° HoW many receptors are pfedicted to exceed the criteria at each site;

« How many of the exposire and uptake scenarios result in exceedences; and

"« How many sites exceed the criteria.

The majority of sites are predicted to have [MeHg],ec higher than the maximum [MeHg]rec in

upstream reference sites: 18 sites for the minimum scenario, and 15 sités for the intermediate and

44




maximum scenarios. The critical outcome of the evaluation is whether or fiot the predicted
[MeHg]:. values for exposed sites exceed the appropriate TRG as well as the reference site
maximum [MeHg]r.. A summary of the sites meeting this condition for all exposuré and uptake
scenarios for the fish receptors, and a summary is provided in Table 14. For the sucker, 1 site is
predicted to result in such exceedences for the maximum scenario (site 6665 in Zone A). Perch
[MeHg].. predictions result in 3 sites for the minimum scenario, 7 exceedences for the

intermediate scenario, and 14 exceedences for the maximum scenario. For the walleye,

-minimum scenario predictions result in 0 exceedences; the intermediate scenario predictions

- result in 14 exceedences, and maximum scenario predictions result in 15 exceedences. For the .

intermediate scenario, predicted [MeHg]y. for the walleye are just slightly above the TRG for
several sites: 6667 (98 ng/g), 66M272 (100 ng/g), 66M80 (101 ng/g),' 66M271 (105 ng/g) and
6666 (109 ng/g). The greates/t' exceedences are for sites 6665 and 66M76 (Zone A — 526 ng/g and
199 ng/g, respectively) and 6699 (Zone B — 269 ng/g) There are no benthic invertebrate MeHg

. data available for 2 sites in Zone A that show the greatest sediment Hg contamination (51tes 6663
and 6664). However, cons1der1ng the high [Hg] in sediment and the strong relationship between

sediment [Hg] and benthic invertebrate [Hg], it is likely that [MeHg] in benthic invertebrates
from these locatlons would be high enough to cause exceedences of the TRG for fish The TRG

applies to concentratlons of MeHg in fishes, and are for the protection of wildlife consumers of

fishes. Some data are available for direct evaluation' of the predicted tissue mercuty levels for

heron and mink. Wolfe et al. (1998) reviewed THg and MeHg toxicity and tissue residue data
associated with adverse effects for birds and marimals. (As noted above, nearly all mercury in
fishes and higher trophic level animals should be in the methyl form.) For the Great Blue heron,
liver concentrations > ~6000 ng THg/g ww correlated with chronic adverse effects. A
conservative residue threshold for major toxic effects in water birds was concluded to be 5000 ng
THg/g ww in liver. For mink, a similar criterion of 5000 ng MeHg/g ww in muscle or brain was
suggested. This value of 5000 ng/g corresponds to 3.7 on the log-scales m Figure 9. For the
great blue heron receptor, the highest predicted [MeHg]rec in any of the scenarios is 3906 ng/g
ww (site 6665), and for the mink, the highest [MeHg],e prediction is 5745 ng/g ww for site 6665
(Table 13). Thus, [MeHg]:. is not predicted to exceed the tissue residue benchmarks suggested
by Wolfe et al. (1998) for heron, whereas it is predicted to exceed at one site for mink under the

maximum exposure and uptake scenario.
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5.5.2 Uncertainty in the prediction of mercury concentrations in receptors

- The prediction of the potential transfer of MeHg from benthic. invertebrates to the trophically
linked receptor species involves several simplifying assumptioné, each of which is associated
with some degrée of uncertainty in its relevance to c_onditiohs in St. Clair River. While it is
beyond the scope of this study to quantify these uncertainties, those considered most important

are identified here.

Assumptions regarding the modelling of Hg biomagnification include those dealing with the
exposure of the receptors to Hg, and those dealing with the effects of Hg on the receptors.
* Regarding the latter category, some of the sources of uncertainty discussed by USEPA (1997c,)>
could apply to the present study: | '
o validity of the biomagnification model,
e variability of the calculated BMFs and FCMs,
o selection of the receptors of concern, -
- trophic levels at which receptors feed,
o limitations of the toxicity database (with respect to the determination of TRGs), and '

o effects of environmental cofactors and multiple stressors.

Among these sources, the greatest contributor to uncertainty in predicting the trophic transfer of
merc’ury'cou-ld be the large ranges in the selected BMF and FCM value‘s.. These range over 1-1.5
orders of magnitude between lowest and highest, and include all BMFs judged to be potentially

~ applicable to the St. Clair River. Further validation of their relevance would require field studies

beyond the scope of this assessment. Owing to limitations of the available data and the desire to

minimize assumptions about the distributions of the data, a probabilistic approach was not
applied to predict receptor mercury concentrations. Rather, low, medium and high FCMs were
used to define the range of possible outcomes and intermediate values that “balance” the
minimum and maximum rates of biomagniﬁcation-- Another problem inhereiit in the literature-
derived BMF data is the difficulty in assigning prey and predator species to dlscrete trophic
levels due to omnivory. When omnivory is integrated with a continuous measurement of tl‘Opth
position (e.g., using stable isotope methods), estimates of BMFs will generally be higher for each

discrete trophic level (Vander Zanden and Rasmussen 1996). Correct determination of trophic
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levels is also limited by how well the composition of a predator’s diet is quantiﬁed. Often the

information necessary to clearly establish this is not available in the published studies.

Another potentially la’fge source of uncertainty in predictions of [MeHg]:. relates to the
exposure of receptors to Hg. These assumptions (listed in Section 2.2) are recognized as being
conservative and limited in theit representation of natural conditions. Spatial (and pethaps

temporal) heterogeneity in the distribution of THg and MeHg throughout the study area, and

aspects of receptor ecology challenge the maximum exposure scenario. A particularly important

source of uncertainty could be the assumption of 100% residency of all consumers in the food

- - chain on each site. The degree to which this assumption is unrealistic is propoitional to the size

of the foraging areas of the receptor species relative to the area of contaminated sediment. Given
that the sampling sites could be on the order of 10 x 10 m to 100 x 100 m (=0.01 to 1.0 ha), the
100% residency assumiption is likely unrealistic. According to data compiled in the Wildlife
Exposure Factors Handbook (USEPA 1993), feeding territory sizes for great blue heron range
from 0.6 ha to 0.98 km?, and distances they travel from heronry to foraging grounds range from
1.8 to 8 km. Home range sizes of mink are reported as 7.8 to 1626 ha, and 1.85 to 5.9 km of
stream/river. These foraging/home range areas substantially exceed the site boundarles If areas

outside of the Hg-contaminated zones of the St. Clair River are not equally Hg-contaminated, the

| actual [MeHg].. would be lower than those predlcted by the models.

5.5.3 Observed mercury levels in receptors from the St. Clair River

Comparing the predicted [MeHg]r. values to actual [Hg] in fishes, heron and mink sampled from

the St. Clair River AOC is a potential means of validating the model. Although fish and wildlife

receptors may not feed as assumed by the prediction model (i.e., focus on single sites), and
exposure histories can be difficult to determine, sources of mercury from beyond the St. Clair
River should be low and contribute little to receptor mercury burdens, because expected foraging
areas (at least for the fishes) are likely smaller than the St. Clair River area for most fish. (This
may not be the case for some fish such as Waileye) (Grapentine et al. 2003a estimated the

maximum individual foraging areas of the Longnose Sucker and Lake Trout to be 428 m’and

3459 m? , respectively, based on models of Minns et al. (1996).) Measured [Hg] in recently

sampled receptors indicate actual, as opposed to potentlal biomagnification.
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A 1999 survey of sport fish contaminant levels included collect,i_cns of white sucker, yellow
perch and walleye, from the upper, middle and lower St. Clair River (MOE 2003b). Throughout
the river, [Hg] in bonelese, skinless fillets are similar for each species. For white sucker (n=1 or
2; 39 — 47 ¢m length), [THg] reportedly range from 80 to 430 ng/g ww (mean of 240 ng/g),
higher than predicted under the worst case (maximum) exposure and uptake scenario, with the
exception of one site (6665) (Table 13). Therefore the prediction model dnderestimates [Hg] in

sucker; however, actual [Hg] are based on a very small sample size (only 1 or 2 fish per area of

river). For yellow:perch (n=4to 16, 15 — 32 cm length), [THg] réportedly range from 90 to 570 |

ng/g ww (mean of 250 ng/g), which generally falls within both the intermediate and maximum
'exposure‘and uptake scenarios (Table 13). For walleye (n=8to 15;29 - 62 cm length), [THg]
range from 100 tc 970 ng/g ww, which also falls within both the intermediate and maxifrum -
uptake scenarios (Tab'le_ 13). Mean [Hg] are higher in walleye collected from the lower portion
of the river (imean of 360 ng/g Hg) compared to middle (mean of 270 ng/g Hg) and upper (mean
of 140 ng/g Hg) portions of the river (MOE 20_0,3b). Thus, the observed values for the sucker are
high relative to the predicted [Hg], whereas the ,observed values for the perch and walleye are -

within predicted values for the intermediate-maximum scenatios.

Observarions of [Hg] in receptor species residing in the St. Clair AOC demonstrate that mercury
accumulates in tissues of higher trophic level members of the aquatic food web, and above the
CCME TRG. It is also evident that the receptor methyl Hg concentrations predicted from the
-screening level approach of this assessment are not overestimating actual tissue levels for the
1ntermed1ate and the highest level fish predator (perch and walleye) when using the mtermedlate
(average) scenarlo The methyl Hg predictions are, however, underestlmatlng actual tissue levels

for the adult benthivorous fish (sucker).

5.6 Potential Risk of Adverse Effects of Mercury due to Biomagnification

Concluding that mercury originatirrg from contaminated sedimerit could concentrate in the food

‘web at levels that can cause adverse effects depends on establishing that:.

(1) mercury in invertebrates from sites exposed in the past to industrial effluents is elevated
relative to concentrations in in;'ertebrate‘s from (upstream) reference sites; |

(2) mercury in invertebrates is related to mercury in sediment; and

(3) predicted levels of mercury in receptors at exposed sites that exceed levels in receptors at
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reference sites also exceed the TRG.

Most sites located in Zones A and B have invertebrate [Hg] significantly higher than
concentrations for the upstreain reference sites (Figures 5 and 6). Measured mercury
concentration in invertebrates is related to mercury concentration in sediment for both THg and,
importantly, the more biologically available MeHg (Figure 8, Table 12). Regarding the trophic
transfer modellmg, based on outcomes for perch and walleye under the intermediate mercury
exposure and uptake scenario, up to 14 sites could be considered “of concern” because of

predicted [MeHg]:.. exceeding the maximum reference site concentration and the TRG.

Regarding the overall assessment of sediment conditions based on four lines of evidence, the -

potential for biomagnification line of evidence can differ from the other three lines of evidence.

If fish and wildlife receptors are the concern, the appropriate spatial and temporal boundaries for

assessing potential biomagnification are not the same as those for assessing sediment
contaminant concentrations, sediment toxicity and benthic invertebrate communities. Activities
of fishes, birds and mammals are not limited to individual sites to the same degree as
contaminants and invertebrates. Whereas i mcorporatmg invertebrate contaminant

bioaccumulation information into the framework_ works well on a site-by-site basis, fish and

wildlife data require some form of spatial averagihg or weighting to reflect realistic contaminant

exposure conditions. On a per site basis, ﬁsh and wildlife biomagnification predictions remain

““theoretical” or overly conservative.

One way of addressing the problem is to 'asses_s éxposure to contaminants across areas of
sediment comparable to the foraging areas of the receptors, as suggested by Freshman and
Menzie (1996). Their “average concentration with area curve” exposure model involves
determining the average concentration of a contaminant for increasing areas of soil, starting with |
the most contaminated site up to and beyond the foraging area of the receptor of interest, The
average contaminant concentration for a section of soil corresponding to the foraging area is then
compared to appropriate benchmark adverse effect levels. Exceedence of the benchmark by the

average contaminant concentration is considered a potential impact to the receptor individual.
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Application of this method requires a grid-type or other statistically suitable array of sampliﬁg
sites designed to representatively quantify contaminant conditions across the study area. An
example where this model was employed was for a study performed in Jellicoe Cove, Peninsula
Harbour in 2002 (Grapentine et al. 2003b).

The appllcatnon of tissue Hg residue data that are associated with adverse effects in other studies .
to evaluate potential risks to the receptors in the present study carries some uncertalnty The data
come from different tlssues, species, environmental conditions and study types (e.g., field vs.
lab). In addition, Hg detoxification and a possible ameliorative effect of dietary selenium may
contribute further uncertainty in the extrapolation of results from one set of conditions to another
: (U SEPA 1997¢). The TRGs also typically include uncertainty factors. For example, the MeHg

| reference concentration (92 ng/g wet wt) incorporates an uncertainty factor of 5 (Environment

- Canada 2002). Considering these uncertainties and the generally conservative (“worst case”)
assumption of the trophic transfer model, quantifying the probability that mercury from -

sediments in the St. Clair River could cause adverse effects to receptors is difficult.

5.7 Canada-Ontario Declsmn-Makmg Framework

A rlsk-based demsnon-makmg framework for the management of sedlment contammatlon was
recently developed under the Canada/Ontario Agreement respectmg the Great Lakes Basm
Ecosystem using four lme_s of ev1dence (sedlment chemistty, sediment toxicity, benthic
- invertebrate community and the potential for contaminant biomagnification). This deci_sibn
framework was developed from the Sediment Triad and BEAST frameworks, and is described in
Grapentine et al. (2002) and Chapman and Anderson (2005). The overall assessment of a test
| site is achieved by integrating the information obtained both within and among the four lines of
evidence and the assessment allows for three éossibilities (Chapman and Anderson 2005), where
contaminated sediments: ' |
1. Pose and environmental risk
2. May pose and environmental risk — further assessment is required

. 3. Pose a negligible environmental risk
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The decision matrix for the weight of evidence categorization of St. Clair River sites is shown in
Table 15. For the sediment chemistry column, sites with exceedences of a sediment quality
guideline (SQG) - high (e.g., the Severe Effect Level) are indicated by “@”, and sites with
exceedences of a SQG — low (e.g., the Lowest Effect Level) by “@”. For the toxicity and
benthos alteration columns, sites determined from BEAST analyses as toxic/severely toxic or

different/very different from reference, respectively, are indicated by “®”; and sites determined

as potentially toxic or possibly different from reference by “@”. For the biomagnification

potential column, a “@”occurs when there is a risk to consumers of benthic invertebrates and

their predators determined through the conservative modelling exercise: The intermediate uptake

and exposure scenario is used because it represents the average condition (actual sport fish -

contaminant concentrations also fall within this scenario). Predicted recéptor contaminant values
that are > TRG and > the predicted maximum reference concehtration result in a “©@” for that
site. (Note: a “®” in the. bidmagniﬁcation potential column would occur if there was significant
evidence 6f risk based on additional or extensive studies including fish consumption advisories;
Chapman and Anderson 2005.) Sites with no SQG exceedences, no sediment toxicity, benthic
communities that are equivalent to reference condmons or no Hg biomagnification potential are
indicated by “O”. Interpretation of the overall assessment for management implications also
considers the degree of degradatlon for each line of evidence. Benthic' commuhity was not
assessed in 2004. The potential for mercury biomagnification was not assessed at three sites
because benthic invertebrates tissues samples could not be collected. Some sites show benthos
alteration or potential toxicity but are not recommended for further action; in these cases, the l‘
benthos'alteration is not judged to be detﬁmgntal, or toxicity is minimal (lithited to 1 of 10

endpoints measured).

Sediment mercury » .
The SEL for Hg is exceeded at 11 sites (®); the LEL (but not the SEL) is exceeded at 8 sites

(@). Results from Flett Laboratories were considered (e.g., Table 6) with the exception of sites
6660, 6663 and 6664 (see section 4.1 for further explanation).
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Overall toxicity

Three sites fall in Band 2 (potentially toxic) and are indicated by “@”. However, since only one -
endpoint was affected for each of these sites (i.e., Hexagenia survival or Tubifex cocoon

production), and correlation to Hg was very weak or non existent, these sites are not

- recommended for further action wit_h' respect to toxicity.

Benthos Alteration

Benthic invertebrate community samplés were collected at 16 sites in 2001 only.. Eleven of the

* 16 sites fall in either of Bands-3 or 4 (®) (including 4 of the 5 upstream sites); however, 6 of

these 11 sites have low (<60%) probabilities of belonging to any of the Great Lakes reference
groups and therefore-caution was used in interpretation of these data. .Mo,st sites have high taxon
diversity with enriched tubificid and chifonomid abundances compared to Great Lakes reference;
however, this is also indicative of the upstream conditions.‘Some test sites also contain species
that are normally found in relatively clean environments (e.g., enchytraeid and some naidid
worms, tfichopteran's, mayflies, amphipods). Additionally, AN OVAs revealed no significant -
differences between upstream and downstream sites with respect to community composition.
Thus all sites are not considered to be impaired-Wi_th the exception.of 6662 (Zone A). Site 6662 -
has low taxon diversity (2 taxa) and is highly enriched in tubificids and thus is considered to be
impaifed. (Site 6662 also has a relatively high probability (68%) of belonging to feferencé Group
3) . 4 . v

Biomagnification Potential

_Fourteen sites have predicted [MeHg] in the top level fish receptor (walleye) that are above. the.

CCME TRG of 92 ng/g ww and above the predicted reference maximum under average

conditions (intermediate exposure and uptake scenario) (@). Actual Hg concentrations in

' walleye collected in 1999 from the river fall within the intermediate scenario for the fmost part (4

of thie 15 fish collected from the lower river fall within the maximum sc'er_lario predictions). The -

14 sites include 2 of the 3 sites (where tissue was collected) in Zone A, 11 of the 13 sites in Zone

' B, and 1 downstream site (66101). Benthic invertebrates were not collected for tissue analysis at

6660, 6663 and 6664 (see Section 3.1); therefore, biomagnification potential could not be
determined for these sites. However, for sites 6663 and 6664 (Zone A), the likelihood of
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Benthic invertebrate communi

potential risk of biomagnification is high due the high [Hg] in the sediment and the strong
relationship between [MeHg] in the sediment and [MeHg] in the benthic invertebrates. Thus, a

total of 16-sites are predicted to show Hg biomagnification potential.

6 CONCLUSIONS

Sediment mercury

Most test sites have sediment mercury levels ele&ated above upstream reference sites, The
highest sediment mercury concentrations are found along the industrial sector (Zone A; up to

25x the SEL), and elevated concentrations extend to thevbottom of Stag Island (Zone B; up to

- 1.9% the SEL).

Most sites where benthic communities were assessed (2001 sites) show strong evidence of
different communitiés-cc’)mparéd to Great Lakes reference, priymarilyvdue to enriched Tubificidae
and Chironomidae and high taxon diversity. However, about half these sites have low
probabilities (<60%) of belonging to a single Great Lakes reference group; therefore, results

were interpreted with caution. Comparison of beiithic communities in the river indicates rio

differences between upstream controls and test sites. Correlation between the benthic community

* composition and sediment [Hg] is weak except perhaps for some sites in Zone B (* = 0.44).

Sediment toxicity

There is no evidence of severe sediment toxicity at any site; however, there is reduced

" Hexagenia survival at two sites (Zones A and B) and reduced Tubifex cocoon prdductioh at one

site (Zone B). Elevated sediment mercury is not correlated with observed toxicological response.

Mercury biomagnification potential

The purpose of the'biomagniﬁca,tipn component of the study was to determine if deleterious
amounts of Hg could potentially be transferred from sediments through benthic invertebrates to

fish or wildlife in the St. Clair River AOC. This was addressed by:
A. Determining if THg and MeHg are bioaccumulated by benthic invertebrates to higher

concentrations in sites that were exposed to Hg-containing industrial effluents than in
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upstream reference sites; ,

. Determining if concentrations of THg and MeHg in invertebrates are related to
concentrations in sediment; and

. Predicting if concentrations of MeHg in consumers of benthic invertebrates and their
predators (i.e., trophically linked receptor species) reach levels associated with adverse

effects.

The main findings are:

A. Total and methyl mercury concentrations in sediment and invertebraqu (chironomids,
oligochaetés) at the majority of sites exposed to historical industrial discha,rges (Zones A and
B) are elevated above those at ubstream reference sites. This indicates that Hg is - |

' bioaccumulated by benthic invertebrates in Zones A and B of the St. Clair River to a greater

degree than in upstream reference sites.

.. Concentrations of total and methyl mercury in sediment are signiﬂcantly predictive of
" concentrations in oligochaétcs, and ch,i,ronomids. This suggests that sediment [Hg] affects -
invertebrate [Hg]. Adjusting for effects of other sediment covariables (e.g., iron and

manganese) improves the sediment-invertebrate relationship for MeHg.

. Under the intermediate (average) exposure and uptake scenario, the number of sites predicted
to have receptor [MeHg] higher than the maximum reference site receptor [MeHg] and to |
exceed the TRG for the protection of fish-consuming wildlife are: | o
~ » White sucker - 0 sites

> . Yellow perch - 7 sites

> Walleye - 14 sites o
Receptor [MeHg]s for up to 14 sites are consistently indicated to exceed both reference site
conditions and TRGs. However, to what degree mercury might be biomagnified is not clear;
due to uncertainties associated with predicting receptor [MeHg] values and conservative
ass’ﬁmptions of the assessment. Reducing uncertainty in the predictions of mercury
biomagnification in the St. Clair River AOC would be best achieved by identifying a more
narrow range of appropriate BMFs, and by quantifying the actual exposurcs of receptors to

dietary mercury.
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Decision making framework for sediment contamination
Using the rule-based, weight of evidence approach described in Grapentine et al. (2002) and

Chapman and Anderson (2005), where all four information components are available, a total of
16 sites require the risk of Hg biomagnification to be fully assessed. In two cases (sites 6663 and
6664), there were missing benthic invertebrate Hg tissue data. Howéver, due to the high [Hg] in
the sediment at these sites and the strong relationship observed b‘etween sediment mercury and
benthic ir’iVert’e’brate mercury concentrations, it was determined that these two sites would likely
require the need to fully assess the risk of biomagnification. One site (6662- Zone A) fequires the
need to d,e’te‘fr‘nine reasons for benthos alteration and the remaihing 9 sites réquire no further -

action.
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Figure 1.

Location of sampling sites in the St. Clair River (2001 and 2004).
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Table 1. St. Clair River site positions (UTM NAD83) and depths. Overlapping Ontario

Ministry of the Environment (MOE) stations from previous studies (Pope 1993; Thorburn et al.

2003) are indicated next to the site code:

368342.1

~4720012.9

Site Location Eastmg - ~ Northing Site Depth (m)
6660 Upstream (Pt. Edward) 3830570 | 47608130 86
6648 (MOE 6A) Upstream (Sarnia Bay) T384684.0 4759583.0 8.5
6697 Upstream (Sarnia Bay) 3848787 4759384.7 2.3
6661 (MOE 263) | Upstream (Samia Bay) 384854.0 47593402 144
6698 Upstream (US) 3830366 4756382.9 238
6662 (MOE 47) ~ ZoneA 383125.0 4755719.7 40
6663 ' Zone A 382906.9 47555155 43
6664 “Zone A 382468.4 47551260 | 33
6665 (MOE 75) “Zone A 382201.4 47548752 | 58
66M76 B ~Zone A 381872.0 47543870 | 33
6699 (MOE 115) | Zone B 381104.7 4752016.2 23
66M262 | Zone B 3810995 17519240 0.6
66M272 " Zone B 380950.1 47513049 16
6666 (MOE, 143) Zone B 3809181 | 47312532 10
66M253 Zone B 380901.0 4751087.0 . 2.6
66M271 Zone B 380953.8 | 47509214 0.8
66M144 ~ ZoneB 380958.8 4750760.6 10
6667 (MOE 100)° Zone B 381039.8 / 47503289/ 21/15

381046.0 4750320.0

66M80 ZoneB 381106.4 47500743 | 2.0
66M269 Zone B 381195.5 47499960 | 23
6668 (MOE 147) ZoneB 3810703 4749103.4 33
66M264 Zone B "~ 380750.0 4748263.0 12
6669 (MOE 148)° Zone B 38063147 47476055 / 0.7/09

| ' 380627.5 4747603.3
66101 Mouth of Baby Creck 379976.8 4743454 1 05
6654 (MOE 58) Stokes Pt Wharf 3789412 47323352 0.6
6651 (MOE 74) | Delta - North Channel (US) 23

* collected in 2001 and 2004
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‘Table 2. Environmental variables measured at each site
" Field | Water Sediment Biota
Northing Alkalinity Trace Metals _ Total Hg
Easting Conductivity Major Oxides Methyl Hg _
Site Depth Dissolved Oxygen Total Phosphorus -
Nitrates/Nitrites, Ammonia " Total Nitrogen -
pH ‘ Total Organic Carbon, Loss on Ignition
Tempetature Percents Clay, Silt, Sand, & Gra§el ,
- Total Kjeld:;.hl Nitrogen Total and Methyl Hg '
Total Pﬁoéphorujs Polycyclic Aromatic Hydrocarbons,
‘ Total Polychlorinated Biphenyls,
Organochlorine Pesticides
Table 3. Literature derived BMFs for the receptors of concern. For each receptor, the numb‘er of

trophic levels removed from benthic invertebrates (Level 1) is indicated. For each transfer between

‘trophic levels, the lowest and the highesf estimated BMFs (from Table A1) are used in calculating the

food chain multipliers. See text for further details. |

Receptor ~|Predator Type IM”';E levels oflayFs (low | med | high) of transfer Fm‘;‘:i‘-’l ‘;':’L’; multiplers (low |
}Ii_\;l':lté Sucker / Forage g;’:\tlt("tl;%rr%‘:xsi/f_igg 1_2 : 343 3.43 -
Aduit Yellow Perch small piscivorous fish |1-2-3 3.'43 x_5 17.15
Walleye large piscivorous fish {1-2-3 3.43x(1.12]3.20|32.40) 3.8410.98 | 111.1
. 1-2-3-4 3.43x5x240 ] 1;17.16
Great Blue Heron  |piscivorous bird 1-2-3 3.43%6.80 2332
| 1-2-3-4 3.43 x5x(0.85]2.3716.80) o 14.58 |40.6_5'_| 116.6
IMink piscivorous mammal [1-2-3 3.43 x (1.70 | 5.20 | 22.64) |5.83117.84) 77.66
1-2-3-4 3.43 x5 x (1.70 | 4.70 | 10.00) 29.16 [ 80.61 11715
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Table 4. St. Clair River overlying water characteristics (values in mg/L unless otherwise noted).

Site. | Alkalinity | Conductivity | Dissolved | NOyNO; | NHs | pH |  Total “Total | Temp
- (uS/em) | 0y o Phiosphorus | Kjeldahl | (°C)

" 6660 794 203 863 | 0300 | - | 80l 0.15 19.7

6648 | 799 | 200 | 862 0303 - 798 015 | 199

6697 81.1 | 221. | 9.9 0.286 - 8.01 015 | 189

6661 79.9 221 ~ 878 | 039 | - | 80l 0.15 188

P B 1 pgl Nitrogen
6
8
7
7

6698 81,5 224 960 | 0306 | - | 8.0L 0.15 19.4

6662 80.2 22| 931 | 0321 | -+ | 805 | 19 021 19.4

6663 | 823 21 | 946 0313 | -* | 804 | 8 | 014 | 194

6664 823 [ 223 9.67 10317 - 803 | 13 0.15 197

6665 8.7 [ 222 | 951 | 0309 - 802 | 7 |- 015 | 196

66M76 | 795 211 907 | 0345 [ 0014 | 819 | 6 | 017 | 186

6699 814 [” 224 | 833 | 0304 | * [ 799 | 7 | 04 | 192 |
_66M262 | 799 210 765 | 0332 | 0023 | 802 3 ] e2 [ 171 |

_66M272 | 803 | 218 733 | 0334 | 0025 | s.08 13 | 030 174
6666 | 806 [ 223 8.81' 0314 | = | 798 | 11 0.15 19.1

66M253 78.6 215 | 847 | o034 0014 [ 826 [ "7 | 020 18.5
_ 66M271 80.7 220 815 | 0333 | 0044 | gio 36 | 029 | 207
66M144 | 805 221 801 0334 | 0015 | 799 | 15 015 | 190
6667° | 82.4/788 | 225/215 | 7.61/890 |0322/0.442] 0.020 8.02/824] 10/5 | 015/0.17 [193/1384
66M80 802 | 225 | . 800 |. 0385 0018 | 800 | 20° | 017 | 177
_66M269 | 79.2 220 | 840 | 0370 | 0016 | 816 | 11 018 | 182
6668 | 827 229 867 0315 [ =2 17798 |7 17 | o017 193
66M264 911 | 220 | '895- | 0346 | 0011 | 822 | 7. 0.22 18.1
6669° | 82.5/794 | 2257206 | 893/8.56 [0310/0350| 0023 |8.08/8.12] 15/6 | 0.18/019 |192/180

166101 799 | 209 8.39 0336 |0023 [ "gog | 13 08 | 174

6654 | 7194 25 [ 931 [ 0346 | - | 798 | 11| 026 | 190
6651 | 304 222 | 8% | 0316 = 798 | 3§ ‘_‘j 015 | 191

* not measured 2001 and 2004 results; ‘exceeding the interim water quallty objectlve (total phiosphorus should not exceed 20pg/L to avoid nizisance
concentrations of algae:in lakes, MOE 1994b)
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Table 5.

A Physi,czjl characteristics of St. Clair River sediment (top 10 cm).

Site |

% Sand

% Silt.

% Clay

% Gravel

6660 |

98.38

1.62

.0.00

10.00

6648

89.73 |

1027

0.00

000 |

6697 -

0.00

0.00

6661

9007 |

0.00

0.00

6698

_87.43

0.00

2.94

6662

9286

0.00

039 |

6663

6667 |

/000 —

31.81

6664

60.76

0.00

3831

6665

_95.11

0.00 |

316

66M76 |

92.52

000

0.00

6699

— T

7.11

000

66M262 |

93.81

0.00

0.36

66M272 |

84.96

000

0.00

6666

93.39

0.00

038

_66M253 |

50.72

- 19_.3 o e

0.00

66M271

9743 |

0.00

O .9_5 o

_66M144

51.31

718

139

2761

_ 6667°

73.96 / 90.43

16.10/9.57

994/000

7 0.00/0.00

" 66M80

. 83.58

3.64

0.00 -

12.78

66M269

'80.69

3.01

000

163

_ 6668

88.30

T 5.60

_0.00

6.10

T 66M264 |

83.29

000 |

12.61

6669"_

57.01/91.64

28.81/5.38

14.18/0.00

0.00/2.99

66101 |

__98.96

088 |

0.00 | -

_0:16

6654 _

. 98.94

1.06

0.00

7000 |

6651

0.00_

3001 and 2004 results

56.89

2890

1421 |




Table 6.

Total and methyl mercury sediment concentrations (recovery-corrected, Flett

Laboratory). Values exceeding the provincial Severe Effect Level are highliglited.

Location Site TotalHg MethylHg
(ng/g dry weight) (ng/g dry weight)
__Upstream (Pt. Edward) | 6660 007 ; 7 '“
Upstream (Sarnia Bay) 6648 - 0.01 1.7
Upstream (Sarnia Bay) | 6697 0.01 , 0.9
Upstrear (Sarnia Bay) 6661 0.02 _ 1.8(2.2)
Upstream (US) | 6698 0.01 05
Zone A 6662 0.23 (0.17)° 24
Zone A 6663 | 49.30° © 296"
_ Zone A 6664 ~16.20° 97°
_ ZoneA 6665 2.29 , 12.6
Zone A 66M76 1.47 18.0 (20.0)° (20.0)°
_ZoneB 6699 207 13.9
ZoneB _66M262 2.10 6.3
ZoneB 66M272 3.78 140
Zone B 6666 141 85
. _ZoneB . 66M253 144 (1.91)F . 120
_ZoneB_ 66M271 3.55 6.2
ZoneB | 66M144 1.72 (2.36)° 9.0
ZoneB - 6667 1.46 (3.08)? 123 (10.8)°
L - (16.0)% (13.0)° (15.0)°
Zone B 66M80 2.13 16.0
Zone B 66M?269 1.37 . 9.4
Zone B 6668 0.78 49
Zone B 66M264 _1.87 (1.59)° 72
Zone B 6669 1.65 (1.79)° 75
- (3.52)) 3.87)' (2.89)f (5.0 (7.D)f (14.0)f
Mouth of Baby Creek | 66101 0.52 38
- Stokes Pt Wharf 6654 0.36 1.2
Delta - North Channel (US) [ 6651 0.04 2.3

* data not available from Flett Laboratory
laboratory repeat;  field replicate

- Tesults shown are from Caduceon laboratory; © esitiiﬁa‘tedi’flaboratory duplicate; 92004 repeat: ®
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Table 7.

Laboratory) (values in pg/g dry weight unless othérwise noted). Values exceeding the provincial Severe

Trace metal and nutrient concentrations in St. Clair River sediment (top 10 cm) (Caduceon

Effect Level (SEL) are highlighted.

Site Total | Total | Total Loss on ALO; As Cd Co Cr Cu
. Kjeldah! | Organic. | phosphiorus| Ignition (%) C
Nitrogen [Carbon (%)| (%) ‘ i . ' S
Detection limit| 10 0.1 3 0.05 001 | 50/10]10/05| 10 | 10 | T0
6660 | 247 12 133 9.7 6.7 69 | <1 | 10 | 41 | 68
6648 957 1.8 222 10.6 5.8 <5 <1 T 32 6.4 12.7
6697 407 14 181 | 106 7.1 <5 <1 20 53 | 81
6661 678 03 255 8.9 5.8 <5 <1 | 27 | 64 13.1
6698 | 450 23 191 7.1 5.8 s | < 1.7 53 11.8
6662 585 [ 25 | 236 8.4 59 < | 10 [ 17 [ 58 | 214
6663 420 | 32 194 129 7.1 <5 | 10 | 29 18.8 17:6
6664 274 0.5 123 7.5 51 | <5 <1 1.1 5.5 219
6665 386 0.6 68 | 79 4.1 <5 <1 18 | .61 T104
66M76 440 - 19 375 13.9 532 3.0 <05 | 30 15.0 19.0
6699 1170 1.9 351 | 126 6.1 <5 <1 2.7 82 | 276
66M262 580 0.8 203 10.1 5.2 4.0 <0.5 3.0 12.0 12.0
66M272 1250 | 15 355 14.2 5.56 30 | 06 4.0 15.0 220
6666 391 1.5 237 3.6 58 | <5 1.0 2.6 6.5 149
66M253 2610 25 | 7112 | 182 5.83 4.0 0.6 s0 | 160 | 330
66M271 | - 490 1.1 | 312 .~ 5.65 5.19 20 | 05 30 16.0 19.0
66M144 | 790 | 07 346 7.58 727 | 60 0.6 6.0 21.0 16.0
6667° | 93071360 | 23/1.7 | 239/353 | 109/13.1] 59/56 | <5/40 | <1/09 | 39/50 | 7.9/180 | 20.1/290
66MS0 | 840 0.8 274 | 102 5.14 30 | 07 40 | 140 | 180
66M269 750 1 | 217 11.8 5.46 3.0 06 3.0 - 22,0 16.0
6668° 534 0.9 202 92 55 <5 | <« 2.8 7.1 13.3
66M264 | 750 1.1 | 241 | 918 536 | 40 <05 30 | 160 [ 140
6669"° | 1330/953 | 20/10 | 387/32t | 119/10.7 | 64/55 | <5/30 | 10/08 | 30/40 | 997270 [210/17.0
66101 - . 190 0.6 144 | 506 5.29 1.0 | <05 2.0 6.0 4.0
6654 342 | 04 153 . 52 | 35 <5 P! 14 3.8 59
6651 " 834 1.6 266 | 99 6.4 <5 <1 35 | 77 | 227 .
LEL | 550 1 600 - 6.0 0.6 - 26 | 16
~ SEL 4800 10 2000 | - - 33.0 e 110 110
*2001 and 2004 results; "QA/QC site, values represent the avérage of thiree field replicates S ’
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Table 7. Continued.

Site Fe Mg Mn Na Ni P,0Os " Pb Si0, vV Zn
. %) (%) (%) e | (%) -

Detectionlimit|  0.01 | 0.0 1.0 0.01 1.0 0.03 10 | ool | 10 1.0
6660 047 | 13 163 0.029 10.9 0.07 20.1 676 | 65 | 141
6648 0.71 1.8 207 | 0030 | 153 0.15 258 | 658 95 338

6697 0.57 17 185 0.030 126 | 0.0 19.3 64.5 8.9 20.1
6661 0.65 15 206 0.029 13.8 0.10 240 70.2 8.8 379
6698 0.55 1.5 | 145 | 0.029 12.9 0.11 17.3 737 | 86 41.9
6662 098 | 1.7 154 0.028 156 | 009 | 225 65.8 9.7 63.4
6663 1.22 1.7 | 172 | 0.031 342 0.08 229 576 15.1 88.8
6664 0.56 1.0 125 | 0025 | 125 0.09 16.3 713 | 78 | 357
6665 - 0.69 1.0 142 0.027 139 | 0.9 14.7 74.6 89 497
66M76 _0.87 . 1.5 206 .009 11.0 004 | 110 61.3 20.0 69.0
6699 0.81 1.9 209 0032 | 183 | .0.13 24.6 63.0 109 [ 568
66M262 |  0.75 1.4 173 .008 90 | <0.03 | 8.0 68.6 18.0 59.0
66M272 0.89 17 | 219 [ 011 17.0 0.04 90 | 618 25.0 82.0
6666 0.74 1.8 185 10,028 145 0.12 244 673 | 95 437

_66M253 1.07 1.5 237 010 | 150 0.12 15.0 579 | 230 | 940
66M271 | 058 | 1l 129 1006 70 [ <0.03 6.0 71.7 15.0 86.0
66M144 135 | L1 | 242 010 20.0 0.04 10.0 69.7 | -27.0 61.0
6667° 0.85/095| 19/1.6 |221/230 [0.030/0.011(20.2/14.01 0.12/0.04 | 35.5/21.0 63.8/ 6Q6 17.8/24.0 | 49.0/83.0

~ 66M80 0.75 1.3 183 010 | 99 <0.03 470 669 | 170 68.0

66M269 082 | 15 210 010 | 100 0.03 39.0 648 | 190 | 680
6668° 0.71 1.7 180 0.029 17.8 011 | 317 | 697 94 45.1

_66M264 | 0.81 13 [ 177 008 | 100 <0.03 230 | 706 16.0 720

_ 6669“”’ 0.94/ 0.84| 19/14- |218/177 |0.028 /'0,'.'0"10" l'9f7 /1101 0.12/0.03 | 38.0/41.3 | 62.3/ 67‘7 "}2,7/ 19.0 | 55.7/70.0
66101 044 10 100 | 006 40 | <0.03 70 | 786 11.0 34.0
6654 0.38 07 68 0025 | 90 [ o005 1.1 [ 81T | 69 14.0
6651 "095 | 19 238 | 0.029 206 | 0.17 25.2 67.7 | 125 68.6
LEL [ 2% - 460 16 - 31 - T - 120
SEL | 4% . | - 1100 - 75 | - 250 - - 820

® 2001 and 2004 results; "QA/QC Tite, values represent the average of three field replicates '
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Table 8.

~ revised BEAST Model (2001 sites only). Highest probability for each site is bolded.

, _Probability of Group Membership (%)
Site Gpl | Gp2 | Gp3 Gp4 _Gp5 Gp6
- 6660 0.330 0.131 0504 | 0.032 | 0.001 | 0001
6648 | 0245 | 0012 | 0623 | 0019 | 0.001 | 0.000
6697 0.402 0.127 | 0431 |- 0.039 0.001 0.000
6661 0311 | 0.092 | 0.503 0.092 | 0.002 0.001
6698 0212 | 0.046 0733 | 0.009 0.000 [ 0.000
6662 00225 | 0.090. 0.677 | 0.008 | 0.000 0.000
6663 0.357 0.120 0510 | 0.013 | .0.000 | 0.000
6664 0.320 0.067 0.423 0.190 | 0.000 | 0.000
6665 | 0.193° 0.062 0701 | 0.044 0.000 0.000
6699 0346 | . 0.084 0.530 0.039 | 0.000 | 0.000
6666 | 0301 | 0.086 0586 | 0.027 | 0.000 .| 0.000
6667 | 0.305 0.070 0.604 .| 0.020 | 0.000 0.000
6668 _ 0.321 0.073 0.549 0.056 | 0.000 0.000
6669 | 0.413 | 0.064 0.469 .| 0.054 0.000 | 0.000 |
6654 0.172 0.024 0771 | 0.032 | 0.000 | 0.000
6651 | 0.488 0.035 0411 | 0066 | 0.000 | 0.000
Table 9a. - Mean abundance of dominant macroinvertebrate families (per r‘n2), taxon.

Probabilities of test sites belonging to 1 of 6 Great Lakes faunal groups using a

diversity, and BEAST difference-from-reference band for 2001 St. Clair River sites predicted to

reference Group 3: Upstream reference sites. Families expected to be at test sites that ai:e'abseht

are highlighted. v
' | Ref.Gp.3 | Ref. Gp.3 | % oftotal T _
Family Mean | % Occurrence | Abundance | ' 6660 6648 6697 6661 6698
Probability (%) of ref. - ' - - 50.4 62.3 43.1 50.3 73.3
Grpup3membexship v : ) 1
No. Taxa (SD) 8.6(5) - - 9 8 |10 [ 8 23
Chironomidae 12119 100 37.7 | 68383 | 20812.1 | 3015.7 | 16948.1 | 15686.4
Tubificidae 620.3 94.1 193 | 24512 | 45819.0 | 12123.0 | 19722.6 | 15876.4
Sphaeriidae 402.7 824 12.5 0.0 0.0 0.0 0.0 0.0
Naididae _ 2084 66.7 6.5 1012 | 7758 | 1809 | 4222 | 22375
Valvatidae 75.6 45.1 24 ] 00 0.0 | 1206 0.0 0.0
|Sabellidae 160.2 41.2 50 | 00 0.0 00 | 00 | 00
Asellidae 827 | 314 2.6 0.0 0.0 0.0 00 | 90
Ephemeridae 443 314 1.4 0.0 90 | 603 60.3 9.0
[BEAST BAND _ - - - 2 | 4 3 4 4
.
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Table 9b.

Mean abundance of dominant macroinvertebrate families (per m®), taxon

diversity, and BEAST difference-from-reference band for 2001 St. Clair River sites predicted to

reference Group 3: Zone A sites. Families expected to be at test sites that are absent are

highlighted.

_ Ref.Gp.3 | Ref.Gp.3 | % oftotal . , .
Family Mean | % Occurrence| Abundance | 6662 6663 6664 6665
Probability (%) of ref. - - - 671.7 51.0 42.3 70.1
Group 3 membership : o _ '
No. Taxa (SD) 8.6 (5) = R ) 16 17 8
Chironomidae | 1211.9 100 377 19903 | 32586 | 48284 8158.3
Tubificidae 6203 | 94.1 19.3 561520 | 9445 | ‘53858 | 12481
Sphaeriidae 402.7 824 | 125 0.0 16.5 247 | 82
Naididae 208.4 66.7 65 | 00 236.1 2136 | 337
Valvatidae 75.6 45.1 2.4 0.0 | 00 26.9 - 0.0
Sabellidae 1602 | 412 5.0 0.0 0.0 0.0 - 0.0
Asellidae 82.7 314 - 26 0.0 - 0.0 0.0 0.0
[Ephemeridae 44.3 31.4 1.4 0.0 - 0.0 9.0 0.0
BEAST BAND - - - 4 | 1 2 2.
*QA/QC site. Nuinbers represent the mean of three field replicates. - L

Table 9¢.

Mean abundance and diversity of macroinvertebrate families (per m>), and

'BEAST summary results for 2001 St. Clair River sites prédié_ted to refererice Group 3: Zone B

_ sites and site near Stokes Pt. Wharf, Families expected to be at test sites that are absent are

. . , 1
\ \

highlighted.
_ ‘Ref.Gp.3 | Ref. Gp.3 | % of'total
Family ‘Mean | % Occurrence | Abundarice | 6699 | 6666 | 6667 | 6668° | 6669 | 6654
Probability (%) of ref. - - - 53.0 | 586 | 60.4 | 549 [ 469 77.1
Group 3 membership .
No. Taxa (SD) 8.6 (5) - - |14 13 | 6 i6 | 18 | 16
Chironomidae 12119 | _ 100 37.7 1326.9 | 4523.5 | 7358.3 | 2564.8 [11037.4| 4768.9
Tubificidae 620.3 94.1 - 193 147165.3/47647.8|25271.4] 9711.0 |59650.2] 13942
Sphaeriidae  402.7 82.4 125 0.0 0.0 0.0 55 [10856] 0.0
Naididae 2084 | 66.7 6.5 60.3 |1447.5|1930.0] 37.5 | 30156 | 4610.0
Valvatidae 75.6 45.1 24 603.1 19650 | 0.0 | 9.0 |13269] 0.0
. |Sabellidae ~ ~160.2 41.2 50 100 [ 00 [ o0 00 | 00 | oo
Asellidae - 82.7 31.4 26 | 0.0 0.0 0.0 0.0 0.0 0.0
Ephemeridae 443 314 1.4 00 [ 00 | 00 [ 00 | 00 | o0
BEAST BAND - . - 4 | 4 3 3 4 | 3
*QA/QC site. Numbers represent the average of three field replicates. o T
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Table 9d.

- Mean abundance of dominant macroinvertebrate families (per m?), taxon

diversity, and BEAST difference-from-reference band for 2001 St. Clair River site predicted to

reference Group 1: delta site. Families expected to be at the test site that are absent are

highlighted.

» Ref.Gp.1 | Ref.Gp.1 | % oftotal o
Family Mean % Occurrence | Abundance | . 6651
Probability (%) of ref. - - - 48.8
Group 1 membership . »
No. Taxa (SD) - 6.8 (2.0) - - 5
Tubificidae 8860.9 100 | 538 | 219542
Chironomidae 27021 | 971 16.4 . 22195.4
Sphaeriidae 20162 82.9 12.3 - 301.6
Naididae 677.2 - 743 4.1 © 0.0
Dreissenidae 661.7 486 | 40 | 0.0
Valvatidae T 1017 1 429 0.6 0.0 -

- - - 2

BEAST BAND
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Table 10. Mean percent survival, growth (mg dry weight per individual) and reproduction in sediment toxicity tests, and BEAST

difference from-reference band. Toxicity is highlighted yellow; potential toxicity italicized.

‘ s 1 O Tubifex . A | Tubifex | BEAST
. Chironomus | Chironomus | Hyalella Hyadlella | Hexagenia | Hexagenia No. Tubifex | Tubifex | No. BAND
Site | __Growth %Survival Growth | %Survival | Growth | %Survival | Cocoons/Ad. | %Hatch | %Survival | Young/Ad.
GL ref mean | 0.35 87.1 0.50 83.6 3.03 96 99 57 98 29.0 -
| 6660 0.46 947 049 [ 90.7- 3.22 : 100 - 123 62 - 100 27.8 1
| 6648 0.34 853 0.69 - 933 9.82 ; 100 12.2 - 54 100 30.5 1
| 6697 0.38 82.7 -0.56 973 | 603 | 98 120 | 57 | . 100 277 | 1
16661 0.36 86.7 0.64 ' 76.0 C 714 | 98 12.5 59 100 367t 1
6698 0.58 94.7 0.70 84.0 832 96 13.3 1 53 100 35.7 1
6662 0.46 92.0 0.62 94.7 7.20 100 12.2 44 100 25.6 1
6663° - - - - . - . - - . - -
6664 0.37 ; 96.0 0.69 98.7 - 3.20 78 . . 111 55 100 24.2 2
6665 0.49 il 97.3 0.86 98.7 | 506 100 . 123 59 100 26.9 1
66M76 J 0.37 96.0 0.53 91.7 . 824 100 - | 11.5 - 53 100 28.7 1
6699 | 0.48 94.7 0.69 933 . | 6.62 100 ‘ 11.6 53 100 - 25.7 1
66M262 ' 0.48 88.0 . 042 | 947 1.59 100 1 . 93 56 - 100 22.0 1
66M272 0.32 920 | 038 867 7.49 100 - 10.8 53 | 100 254 1
1 6666 0.38 90.7 0.67 94.7 2.13 76 10.6 53 100 - 19.8 2
[ 66M253 0.39 84.0 | 0.60 97.8 7.65 100 105 . 52 100 27.9 1
66M271 0.39 92.0 0.34 92.0 1.00 92 10.4 51 100 . 348 1
66M144 0.30 85.3 0.26 81.3 . 2.52 .98 4.7 53 100 |~ 6.1 2
6667° 0.38/0.39 97.3/93.3 | 0.77/0.37 | 98.3/80.0 | 8.00/8.58 | 96/100 12.5/11.6 57/53 100/100 | 24.1/30.0 1
66M80 0.36 . 93.3 0.69 94.7 - _769 ] . 100 12.5 54 100 i 33.9 1
66M269 , 0.26 : '89.3 - 0.55 90.7 [ . 9.08 | 98 11.3 . 48 100 23.2 -1
6668 0.46 73.3 0.61 97.3 6.79 ‘ 100 0 | 56 100 23.5 1
66M264 0.45 §9.3 . 0.47 94.7 - 717 100 7.8 1 48 - 100 154 -1
_6669° 1 0.40/0.39 93.3/90.0 | 0.67/0.52 | 98.3/89.3 | 7.01/8.83 98/100 10.9/10.5. | 57/54 | 100/100 | 26.6/37.3 1
1 66101 0.27 82.7 - 0.29 P 713 379 | 100 113 {57 100 26.5 1
{ 6654 0.48 920 | 049 | 907 | 365 100 | 128 | 62 | 100 32.3 1
16651 0.32 973 - 050 | 973 ] 724 | 100 | 131 58 | 100 27.9 1
Non-toxic® 0:49-0.21 67.7 1 075-0.23 67.0 1. -5.00-0.90 - 855 1 124-72 | 78-38 889 46.3-9.9 -
Potentially toxic 0:20-0.14 676588 0:22-0.10 66:9-57.1 - 0.80-0 854-803 - 71-5.9 38-28 | 8838842 | 98-08 -
Toxic <0.14 <58.8 <0.10 <571 nmegafive | <803 ! <5.9 <28 <84.2 <0.8 -
*No 0t:;xic.ity tests performed (see Section 3.1 for details); 2001/2004 results; °Upper limit for non-toxic category is set using 2 x standard deviation of the mean.and indicates excessive growth or
reproduction. . : . C ’
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Table 11. Total and methyl mercury concentrations (ng/g dry weight) in resident benthic

invertebrates.
_ Total Hg Methyl Hg
Site Chironomid Oligochaete Chironomid Dligochaete
6660 | - 2 . N
6648 62 . . 137qury 21.3 (20)° 3.1
6697 181 (214 .68 82 03
6661 70 86 22.6 0.8
. 6698 58 86 25.4 (21.1)° (23.3)° 2.3
6662 124 49 9.9 ‘ T 44 _
6663 o = 2 R
6664 e -
6665 1141 1626 - 148 490 |
66M76 1710 , 283 - . 85 25(24°
- 6699 819 258 (293)° 105 (104)° T 15.6.(22.9)° (19.8)° .
66M262 757 1190 78 43
66M272 251 177 . . 49 14
6666 991 155 51.1 140 (12.7)°
[ 66M253 .| 174 G 27 79
~ 66M271 288 (338)° " 618 55 - 12
66M144 296 1100 (1220)° . 44 31
~ 6667 | 223 (312)° 143 (227)° (222)° 59.7 (43)° 13.1 (14)°
66M80 __ 379 325 62 17 (16)°
66M269 338 - 228 48 - 13
6668 277 297 103 (102)° 8.1
66M264 433 - 769 60(46° - 25
6669 476 (763)° 326 (458)° 102 (80)° (78.9)° 16.1 22)°
e o (91.8) (79)° . -
_ 66101 269 279 “73(72)° 34
" 8654 127 251 . . 176 . 107
6651 90 42 . 8.1 12(.0°
" 1o data; ® laboratory duplicate; ° repeat analysis;  duplicaté repeat analysis; ® 2004 repeat; { laboratory triplicate L
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Table 12.

Prediction of whole body concentrations of total and methyl Hg in resident

invertebrate taxa based on sediment Hg concentration alone (“A” models), and sediment Hg

c_.ohcentration + other sediment physico-chemical variables (“B” models). The groups of

mult_iple predictors listed are from the models that best predicted [Hg]in using sediment and

water variables. [Hg]s.q was retained in all models.

Prediotor

B

Response . . e v : .
| ([Heliny ) Model (S Fogfﬁment (predictor) | R? R% | (regression)
Total Hg A _TotalHg - | 033688 | <0.001 [ 0552 [ 0531 ] <0.001
Chifonorfiids | ~ B~ _TotalHg . | 044247 | <0.001 [ 0910 [ 0876 | <0.001
' DissolvedO, | 5993 <0.001 |- -
Total Kjeldahl N (water) | -1.5317 | <0.001 | .
o %Saind 1.5503 <0.001 -
Manganese 24361 <0.001 - |
e Deépth 04607 [ 0.002 .
Total Hg A Total Hg 032939 | <0.001 | 0.479 | 0.454 <0.001
Oligochaetes B Total Hg _.1..0.33720 [ <0.001 | 0.707 | 0.642 <0.001
%sSilt | -26292 | 0.003 ' - .
 %Sand_ _ -1.1265 0.040
NOy/NQ, (water) | -5.0760 0.044 S
MethylHg | A Methyl Hg 0.5788 <0.001 | 0513 | 0490 |  <0.001
. Chironomids [ B MethylHg | 0.7743 | <0.001 [ 0.657 | 0.623 <0.001
: _ Ton | -13130 | 0.009 | ’ e
Methyl Hg A MethylHg . | 0.9219 <0.001 | 0.526 | 0.504 |  <0.001
Oligochaetes B MethylHg =~ | 1.1848 <0.001 | 0.746 | 0.721 <0.001
. Manganese | -2.2096 | <0.001 :
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Table 13.

Highlighted values in fish receptors exceed the Environment Canada (2002) tissue residue

Predicted methyl mercury concéntrations (ng/g wet weight) in receptor species.

guideline (92 ng/g ww) applicable for fishes.

o White Suckeér Yellow Perch. ... |~ Walleye
Site | min med |  max. _min__| med max. “min_ _ted. | miax
6660 .. - - - T L T - N - -
6648 1.9 6.0 10.0 9.6 29.8 50.1 _ 22 454_ | 3244
6697 0.2 2.6 5.0 0.9: 12.9. 249 0.2 196 ] 161.1
6661 04 | 61 _ ] 117 22 304 | s87 7 0.5 46.3 380.0
.. 6698 1.4 | 78 143 6.9 39.2 71.5 1.5 59.6.._]. '463.3 -
6662 2.8 4.0 52 14.1 20.2 262 -F____3‘1 i 30.6° ] 1700
6663 - - . . I -
6664 . e ) - - - - - - L.
. .6665 _ ’ 236 | 692 | 1149 117.8 346.2 574.5 26.4. 5262 | 37219
___66M76 11.2 . .26.2 41.3 55.9 131.1 .206.3 12,5 199.3 13365
6699 12.1 - 354 ]| .. 588 60.4 177.2 294.0 135 269.3 1904.3 -
6&2_62. _21.8 - 269 320 | 1092 ° 134.6 160.0 24.5 204.6. | .1036.6
.. 66M272 6.4 | 132 19.9 - 319 65.8 -99.6 . ' 100.0 645.5
6666 6.9 14.4 21.8 .34.6 71.8_ .108.,9 109.1 705.5
66M253 2.8 53 _ 7.8 13.9 263 38.8 . . 40.0 251.1
66M271 . 5.2 13.8 ~ 224 26.2 69.2 112.2 59 105.2 726.6
66M144 | 157 17.2 187 78.5 859 . 93.3- 17.6 1306~ 604.4 .
6667 7.0 12.9 188 ] . 352 645 | 938 7.9 98.1 607.7
66M80 73 | 133 | 193 36.4 66.5 967 | = 8.1 - 101.2 626.6 .
. 66M269 53 ] 103 15.3 26.6 51.5 = 765 . .. 60 -78.3 495.5°
C 6668 4.7 249 45.1 237 . 1246 '222 C 537 189.4 1461.0
66M264 11.6 17.1. . |.. 22.7 57.8 856 | 1134 12.9 130.1 7344 .
. .6669 . 10.0. 247 "} 394 ©49.8 123.4° 197.0 11.2 - 187.6 1276.0
66101 20,1 253 30.5 100.7 - 126.7 152.6 22.5 192.5 988.8
" 6654 6.0 78 | 96 | 300 391 | 482 | 6.7 594 312.2
- 6651 09 | 23 | 37 | 46 1.7 | 187 1.0 177|121 |
- ~Great Blie Heron Mink
Site min nied max " | . min med max.
6660 - T - - - 1 -
___ 6648 82 {557 | 3405 3.3 857 .| '500.8 . . " o .
~ 6697 _ 0.7 24.0 169.0 | 03 | 369 | 2487 | fishes .[MeHg] > 92 ng/g
6661 1.9 -56.8__| 3988 0.8 87.4 5865 | | g '
- 6698 .. ke 58 730 486.2 2.3 112.8 _715.2
6662 | 1210 37.6 1784 . 48 __} 578 2624
6663 . - - B -
.. 6664 N - - - =
6665 100:2 645.7_ | 3906.1 40.1 "993.7
66M76. . 47:5 T 2446 | 14027 19.0 376.4 \
6699 51.3 330.5 1998:5 205 ) .508.5
66M262 92:9 .. '251-.1,3 10879 371 - 386.5
66M2”72v.. _|:. 271 1227 | 6774 10.8 188.8 . 996.4_ .
6666 . | . 295 1339 | 7404 _.11.8 206.0 1089.0_
66M253 11.8 ] .._49.1 263.5 4.7 © 75.6 387.6
66M271 23 | 1291 . 762:6 8.9 1986 | 1121.6
"66Mi144 | 66.8 160.3 634.3 . 26.7.. 246.6 | 933.0
6667 30.0 1204 | 6378 12.0° 1852 938.1
66M80 30.9. 124.1 - 6576 12.4 191.0 967.3
66M269 . 22.6 " 796.1 520.0 9.0 1479 _|. 7649
. 6668 ] 201 2324 1533.3. _8.0 3577 22552
66M264 49.1 _159.6. | 7707 19.6 2457 1133.6
6669 424 2302 | 1339.2 16.9 354.2 1969.7.
66101 . 856 | 2362 1037.7 342 . 363.6 1526.4°
.. 6654 | 255 729 327.6 . 102 112.2° 481.9
6651 3.9 21.8 |...127.1 16 "] 335 186.9
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Table 14. Exceedences of criteria for predicted mercury concentrations in receptors based

on three exposure and uptake scenarios for the St. Clair River study. The tissue residue

guidelines (TRGs) are 92 ng/g ww for fishes and >5000 ng/g ww for wildlife (see text) (n =19

for St. Clair River sites; n = 4 for reference sites). |

‘Number of sites where

Receptor Scenario [Hglec > TRG and
reference maximum
Sucker Minimum 0
Perch Minimum 3
Walleye Minimum 0
Heron Minimurh 0
Mink Minimum 0
Sucker’ ~ Intermediate 0
Perch Intermediate >7
Walleye Intermediate 14
Heron Intermediate . 0
Mink Intermediate 0
" Sucker Maximum R
- Perch Maximum 14.
Walleye - Maximum 15
Heron , Maximum 0
Mink Maximum 1
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Table 15. Decision matrix for weight-of-evidence categorization of St. Clair River sites. For the
sediment chemistry column, sites with exceedences of the Severe Effect Lével (SEL) for mercury (Flett
Laboratory) are indicated by “@”, and sites with exceedences of the Lowest Effect Level (LEL) by “©”.

For the toxicity and benthic alteration columns, sites determined from BEAST analyses as toxic/severely |

toxic or differéntIVery different are indicated by “@; and sites deteﬁnined as potentially toxic or possibly
different from reference by “@”. Sites with no SQG exceedences, no sediment toxicity, or benthic
communities equivalent to reference conditions are indicated by “O”. Some sites show potential toxicity
or benthic alteration but are not recommended for furthe'r action; in these cases, to’xi'd'ty is miniinal

»commumtles are not deemed 1mpa1red

" . |8
= £ |3
. 8 g L=
site = 25| B _
o g 2 28| E s Assessment
(prlon_tyszone) . -E ;g i = | & lg ,
3 |& |28 |2 |
T 6660 (Upstream) - O|l]0O0 ]|l e -* | No further actions needed
6648 (Upstream) _ o | O [ J O | No further actions needed
6697 (Upstream) O | O | ® | O [No furtheractions needed
6661 (Upstream) O | O | ® | O |Nofurther actions needed
6698 (Upstream) ~O | O | @ | O [No furtheractions needed
6662 (Zone A) O] O | @® O | Determine reasons for benthos alteratlon
16663(Zoner) | ® | -2 | O - | Fully assess risk of blomggmﬁcatlon
6664 (Zone A) - K ] [+ (-] -* | Fully assess risk of blomagplﬁcatlon ’
6665 (Zoné A) _ (] O | © | @ | Fully assess risk of biomagnification
66M76 (Zone A) 0 O | - | © | Fully assess risk of biomagnification
| 6699 (Zone B) [ O | @ © | Fully assess risk of biomagnification
‘| 66M262 (Zone B) @® | O - © [ Fully assess risk of biomagnification
66M272 (Zone B) ® | O - © | Fully assess risk of biomagnification
6666 (Zone B) (2] o @ | O | Fully assess risk of biomagnification _
66M253 (ZoneB) | © | O | - | O [No furtheractions needed
66M271 (Zone B) ® O - © | Fully assess risk of biomagnification
66M144 (Zone B) ® | O - | © [ Fully assess risk of biomagnification
6667 (Zone B) @ O | ® O | Fully assess risk of biomagnification
66M80 (Zone B) ® | O - © | Fully assess risk of biomagnification .
66M269 (Zone B) ) (0] - O | No further actions needed N
6668.(Zone B) o O ® | O | Fully assess risk of biomagnification
66M264 (Zone B) © | O | - | © | Fully assess risk of biomagnification
6669 (Zone B) @ | O | ® | © |Fully assess risk of bioimagnification
66101 (Downstream) | © O = © | Fully assess risk of biomagnification
6654 (Downstream) | © | O | ® | O | No further actions needed
6651 (Delta) O O © | O | No further actions needed

“no data; risk of biomagnification was determined from the high sediment [Hg] and the strong relationship between Hg in the sediment and Hg in’
the benthic invertebrates (see. Sections 5.5.1 & 5.7 for details).
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APPENDIX A. Literature Review of Biomagnification Factors

1.0 Initroduction

This literature review was carried oiit to provide supporting information for the assessment of risk of
biomagnification of mercury from contaminated sediments in the St. Clair River, Ontario. Biomagnification factors

{(BMFs), predator-prey factors (PPFs), and trophic transfer coefficients (TTCs) were obtained or derived from the

literature for the calculation of total mercury and methylmercury concentrations in different trophic levels of a
simple benthic freshwater food chain model (Figure A1). ’

~ The search was focused on the period 1996-2002, as a thorough review of the literature was carried out iri 1997 by

USEPA (1997a,b,c). Obtaining the information reqiuired to estimate mercury concentrations in receptors involved
reviewing published literature, unpublished reports, databases, web pages and any other sources of data on BMF s
relevant to the benthic invertebrate taxa and receptors; assessing the quality of the BMF data; and tabulating BMFs
and estimates of their variability, together with information on the BMF’s determination (e.g., location of study,

_organisms involved, proportion of receptor’s diet that is invertebrates, effects of cofactors (if any), assumed

ingestion rates and home ranges). The following criteria were applied to screen literature to obtain either BMFsor

candidate datasets for calculating BMFs, after Suedel et al. (1994) and Gobas and Morfison (2000):

o Iforganisms that were presented were not from a logical food chain, or no evidence was presented that the
feeding relationship between predator and prey was a functional feeding relationship, the data were not used.
One exception to this rule was made in selecting.a study of mink fed diets of different proportions of .
‘contaminated and uncontaminated fish (Halbrook et al., 1997), since there was a reasonable likelihood that R
these fish species would have been part of their diet. : T

"o Mean concentrations of total Hg or MeHg needed to be presented for both predator and prey, and in comparable

units.

'BMFs involving Hg concentrations in feathers or fur of predators were excluded. '

Unless evidence of comparability could be found, studies from non-freshwater systems or with non-comparable
species were not used. More information is presented below on the assessment of comparability of different
systems and species.

There were few studies tﬁajt quoted BMF estimates specifically for the receptor species.and feéding relationships

defined in Figure A1. Of the small number of studies that calculated BMFs that were directly comparable in partto -
the food chain model, most were from freshwater pelagic foodwebs. Some were also stidies in different ecosystems
(marine, temperate montane freshwater, tropic freshwater). Thus, it was necessary to use the most relevant studies

to obtain BMFs and document the relative comparability of different species and ecosystems to those presented in

the study design for this assessment. Information to- support substitutions of receptor with comparable speciés from
the literature (in applying BMF estimates) is presented in Tables A3 - A12. _Species were considered the most
qualitatively similar when they occupied sitnilar habitats, had similar feeding habits and dietary composition, similar
range, similar feeding substrate, and similar food ingestion:body weight ratio. Sources for this infofation were
CCME (1999), CWS (2002), Sample and Suter (1999), Scott and Crossinan (1973), and USEPA ( 1997¢). A
breakdown of the number of BMFs obtained/calculated per feeding relationship, and the range of corresponding

BMF values is presented in Table Al.

1.1 Terminology

Biomagnification is the process at by which the chemical concentration in an organism exceeds that in the
organism’s diet, due to dietary absorption (Gobas and Morrison 2000). The biomagnification factor (BMF) is an
empirically-derived measure of the rate of contamitiant transfer between the organism’s diet and the organism, and
is expressed as the ratio of chemical concentration in the organism to the concentration in its diet (Gobas and
Morrison 2000). The synonymous terms predator-prey factor (PPF) and trophic transfer coefficient (TTC) are also
found in the literature (USEPA 1997a; Suedel et al. 1994). A food chain multiplier (FCM) is used to quantify the
increase in contaminant body burden through uptake from the food chain, but is defined as the factor by which a
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substance at higher trophic levels exceeds the bioconcenitration factor (BCF) at trophic level 1 (NCASI, 1999;
USEPA, 1997a). Therefore, it does not necessarily apply to a specific trophic transfer, and may be a multiple of

more than one BMF. BMFs, TTCs, and PPFs are unitless, and the concentrations used to derive them are usually
expressed in Gnits of mass.of chemical per kg of the organism, and mass of chemical per kg of food, respectively
(Gobas and Morrison 2000). These concentrations can be expressed on a wet weight or dry weight basis (Gobas
and Morrison, 2000). BMFs, TTCs, and PPFs can be applied to specific trophic levels, as well as individual species
in a food chain (USEPA, 1997b). The term BMF will be used in this documenit in reference to biomagnification
factors, predator-prey factors, and trophic transfer coefficients acquired from the literature.

2.0 M_eth_ods

2.1 Literature Search

- The llterature search was done using typical methods of electronic database and chain-of-citation searches as wellas

consultation with leading researchers in the field of mercury ecotoxicology and risk assessment. The following
 electronic. databases were used to search prlmary literature, secondary literature, grey literature, and internét
resources;

ISI Current Contents Connect
CSA Aquatic Sciences and Fisheries Abstracts (ASFA)
CSA TOXLINE
MEDLINE
~ National Research Council of Canada (NRC) Research Press database
US Environmental Protection Agency (USEPA)- various databases of government publications
US Army Corp. of Engineers (USACE)- various databases of govemment publications
Integrated Risk Information System (IRIS)
Environmental Fate Database (EFDB)
~ Oak Ridge National Laboratory (ORNL) publications
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Trophic Level
5 HUMAN FISHER
i A
: . | LARGE PISCIVOROUS < | PISCIVOROUS BIRD ‘ PISCIVOROUS MAMMAL
_ 4 - FISH (Walleye) : (Great Blue Heron) | - (Mink)
i y ) 3 7 v ‘ 2
LARGE PISCIVOROUS | SMALL PISCIVOROUS -~ PISCIVOROUS BIRD | ‘PISC'IVORO‘USMAMMAL'
3 -FISH (Walleye) FISH (Yellow perch) : (Great Blue Heron) o (Mink)
y 2 o 7 Y ; . - y
| ] ‘ : | BENTHIVOROUS FISH _
2 FORAGEFISH | BENTHIVOROUSBIRD | | - (White Sucker)
~ BENTHIC
1 INVERTEBRATES
3
SEDIMENT
0 , .
Figure Al.  Generalized foodweb model for the assignment of trophic level to biomagnification factor estimates. ~
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In addition, the following jouthals were individually searched for recent and upcoming articles:

Archives of Envirorimental Contamination and Toxicology
Archives of Environmental Health :
Bulletin of Environmental Contamination and Toxicolo,
Canadian Journal of Fisheries and Aquatic Sciences
Chemosphere
Environmental Pollution

- Environmental Research
Hydrobiologia :
Journal of Great Lakes. Research
Science of the Total Erivironment
Water, Air, and Soil Pollution
Water Research

Several researchers active in mercury bioaccumulation studies were also contacted as part of the li_té_rature search.

The seaich was focused on the period 1996-2002, as a thordugh_ review of the liter’aturé was carried out in a 1997
USEPA document entitled “Mercury Study Report to Congress” document (USEPA, 1997a,b,c).

_ 2.2 Assigning Trophic Levels to Receptor Species '

Discrete, trophic levels were applied using the food chain model (Figure Al). This was done to allow coniparis‘on of .

BMFs. from differernt systems/foodwebs, as well as to conceptualize the transfer and fagnification.of mercury in the
St. Clair River scenario. However, the use of discrete trophic levels may lead to lower estimates of BMFs. An
excellent discussion about the effects of omnivory on trophic position is found in Vander Zanden and Rasmussen
(1996). In short, omnivory is common in aquatic communities (for example, up to 50% in pelagic food webs), and
the use of discrete variables to represent trophic position will not adequately account for omnivory. When omnivory
is integrated with the use of a continuous measurement of trophic position (ie- using stable isotope methods),
estimates of BMFs will generally be higher for each discrete trophic level (Vander Zanden and Rasmussen, 1996).
Unfortunately, this literature survey did not yield any stable isotope studies on benthic freshwater food webs, and
therefore systér’n-sp’ecific BMFs based on continuous trophic position could not be obtained for lower trophic levels.
Two such estimates for trophic levels 3 and 4 respectively, were obtained from pelagic foodweb studies.

2.3 Selecting Biomagnification Factor Estimates or Candidate Datasets from thé Literature

_ The following criteria were applied to screen literature to obtain either BMFs.or candidate datasets fof calculating
BMFs, after Suedel et al. (1994) arid Gobas and Morrison (2000): : -

o  If organisms that were presented were not from a logical food chain, or no evidence was presented that the:
: feeding relationship between predator and prey was a functional feeding relationship, the paper was not used. .

" Ohe exception to this rule was made in selecting a study of mink fed diets of different proportions of
contaminated and uncontaminated fish (Halbrook et al., 1997), since there was a reasonable likelihood that
these fish species would have been part of their diet.

o Mean concentrations of total Hg or MeHg needed to be presented for both predator and prey, and in
comparable units.. : , o

o Unless evidence of comparability could be found, studies from non-freshwater systems or with non=
comparable species were not used. More information is presented below on the assessment of comparability
of diffefent systems and species. ' :

2.4 Calculation of Biomagnification Factors fr‘om Candidate Datasets

Biomagnification factors were calculated from mean concentrations of total mercury and/or methylmercury from the
literature using the equation (Gobas and Morrison 2000):
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BMF= Cg/Cp

where:
Cs= mean contaminant concentration in the consumer (receptor) species
Cp= mean coiitaminant concentration in the diet of the organism

In all cases where BMFs were calculated from mean concentrations, the calculation was for the mean conceritrations
from two trophic levels with a functional feeding relationship which was defined and demonstrated in the study.
Where results were presented for a number of different locations (ie- several different lakes), BMFs were calculated
for each location and then averaged, as opposed to averaging the mean concentrations from all locations to calculate
a BMF. In three cases (Hughes, 1997; Neumann and Ward, 1999; Suedel et al., 1994), a mean BMF was calculated
by averaging several reported BMFs. Summaries of these calculations are presented in Tables A3 -Al2. :

2.5 Comparability of Species and Sis’t’e’iﬁs

There were very féw studies which quoted BMF estimates for the receptor species and feeding relationships defined

. in Figure Al. Of the small number of studies which calculated BMFs that were directly comparable in part to the

food chain model, most were from freshwater pelagic foodwebs. Some were also studies in quite diﬁ'_erent
ecosystems (marine, temperate montane freshwater, tropic freshwater). Thus, it was important to document the
relative comparability of different species and ecosystems to those presented in the study design for this assessment,
Information to support substitutions of receptor species for comparable species from the literature (in applying BMF

- estimates) is presented in Tables A3 - A12. Species were considered the most qualitatively similar when they

occupied similar habitats, had similar feeding habits and dietary composition; similar range, similar feeding
substrate, and similar food ingestion:body weight ratio. Sources for this information were CCME (1999), CW S
(2002), Sample-and Suter (1999), Scott and Crossman (1973), and USEPA (1997¢). . - o '

Applying BMFs calculated from one system to another is controversial, since rates of trophic transfer of mercury are

. thought to vary due to abiotic and biotic factors (USEPA, 2001). The USEPA, in developing national

bioaccumulation factors to assess the risk to human health of mercury exposure, indicated that these factors are

poorly understood arid are likely to be system and site-specific (USEPA, 1997b; USEPA, 2001). Abiotic factors
which may influence the chemistry of mercury include pH, temperature, and dissolved organic carbon in the
waterbody, and these are usually determined by watershed characteristics which in turn affect inputs, bioavailability,
‘'speciation, and methylation of mercury in the sediments and water column (Downs et al., 1998; Greenfield et-al.,
2001; Meyer, 1998; Mason et al., 2000; USEPA, 2001; Watras et al., 1998). Biotic factors include food chain
length, horizontal food web structure, feeding mechanisms of organisms at lower trophic levels, and the -
age/size/weight or metabolic rates of individuals in the sample used to calculate a given BMF (Environment Canada,
1997; Power et al., 2002; USEPA, 2000). However; no single factor has been correlated with extent of

bioaccumulation in all cases examined (USEPA, 2001).

It was also suggested (as discussed above) that much of the uncertainty around applying BMFs from different
systems may be due to an oversimplification of predator-prey relationships by using discrete trophic levels (Vander
Zanden and Rasmussen, 1996). One stable isotope study was found from Papua, New Guinea whose results
indicated similar magnitude of biomagnification to temperate and arctic foodwebs (Bowles et al:, 2000). Another
stable isotope study from an arctic foodweb indicated that age did not affect bioaccumulation of mercury in the
muscle of ringed seals or clams (Atwell et al, 1997). A third from a subarctic lake found a higher rate of
biomagnification (BMF=5.4 versus 3.0) than for a comparable freshwater tefiiperate system (Power et al., 2002).

Unless the relative comparability to temperate freshwater systems was demonstrated, studies from marine, arctic
marine, and tropic freshwater were not used fo select or derive BMFs.

3.0 Results

A total of 80 references were examirnied in detail to yield BMFs, datasets to calculate BMFs, orto provide supporting
information in applying BMFs. Results are broken down as follows: :

®  Primary literature- 61 references
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Secondary literature- 5 references
s Grey literature- 14 references

Of those 80, only 11 yielded appropriate BMFs or datasets, following guidelines set out in section 2 above.
However, a number of the references (Cantox Environmental Inc., 2001; Suedel ¢t al., 1994; USEPA, 1997a) were
reviews which synthesized BMFs from several sources. Along Wlth BMF estlmates, the followmg supportmg
mformatxon was gathered:

Range, standard devmtxon orstandard error of BMF estimates
" Trophic level of predator/receptor

Type of study (field, laboratory, modelmg, rev1ew)
Prey species

Predator species

Mercury paraimeter (total Hg or MeHg)

Scope of study (ie- number of lakes sampled)
Location of study

Biological medium: sampled

Relative age/size of organisms sampled

Reference from which BMF or dataset came from -
Comments ’

These results are reported in Table A2,

A breakdown of the number of BMFs obtained/calculated per feeding relatlonshlp, and the range of correspondmg
BMF values is presented in Table Al.

- _ -\

Table _Al- Breakdown of results of literature review for each hypothetical feeding relatier_l_s_hip

Total and Methyl Hg BMFs"

Trophic #of .
Feeding Relationship levels of Estimates Low Medium* | High |Comments

transfer ; ) — .
Benthic invertebrates to forage i-2 1 343 343 343 - |High BMF calculated from benthos [THgj '
or benthivorous fish - ’ ) ) } 7 e _' values which are below DL excluded.
Benthi\{oreus or forage fish to 2-3 1 5 5 5
small piscivorous fish T . o
Benthivorous:or forage fish to 2.3 8 112 220 324
large plsclvorous -fish o 1
Benthivorous or forage fishto - . : - 7 High THg value from heron With- ambiguous
piscivorous bird ) 2-3 1 1 é’ao 6.80 . 6.50 feeding refationship dropped. ‘
Benthivof6us or forage fish to . ; High THg value from fur/hair excluded. Hg form
piscivorous mammal ) B 2-3 10 170 520 ] 264 given as total and meth'yl _for mg_st values.
Smali piscivorous fish to Iarge 3-4 ' 1 240 240 240
piscivorous fish i T ]l
Small piscivorous fish to 3:4 6 0.85 2.37 6.80 |High THg values from plumage excluded.
piscivorous bird ] } )
S'ma.ll piscivorous fish to 3.4 9 1.70 47 10.00 Hg form given as total and methyl for most
piscivorous mammal ) values.

*"Medium" = datum if n = 1, medianfn>2

96




Table A2. Summary of literature-derived biomagniﬁcation factors by trophic level.
Table B2- Summary of Literature-Derived Blomagnification Factors by Trophic Level ‘
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Table A2. Continued.. -

Table B2- Summary of Literature-Derived Blomagnification Fastors by Trophlc Level (continued)
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3 Jorsiey
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Tz} - "
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Table A3-Data summary and calculations from Suédel et al., 1994

Parameter Trophlc Levol 2 Trophlc Lavel 3 : N
BMF Total Hg 0.3 . L .0.2 )

~'0.3 0.4
1.6 — .1
1.7 14
- 6.8 _ 1.8
_ L L 1.9
Mean . .214 ) 112
[BMF MeHg 0.5 0.1
. 0.7 : . 0.2
2 0.3
_10.5] . . 0.7
s 4.5
80,
| ) i : 141
[Mean . 342 32.4)

thaQ data from literature used to derive BMFs (reported as trbphlc transfer coefficients (TTCs)) were expressedin -
comparable Gnits measured in organisms whnch were part of funetnonal food chalns/feedmg relationships. ’

" Table M- Data summary and calculaﬂons from Hughes, 1997 -

LocatIon . |Feather/YP (4-6) " |FeatherleP (20) Eggs/YP (4:6) |Eggs/YP (20) |
St. Mary's River _ 12.33 15.74 - 107] T 136
GeorgianBay = |-~ 12.00 .21 2.05 : 3.71
|Kawartha Lakes 13.58] - __11.64] 183 - 1.57)
Mean BMF - . 14.650 ' 7193

Notes- YP=yellow perch.- (4-5)-yellow perch aged 4-5 years, (20)= 20 cm yellow perch. Data presenhed are unitless BMFs.
Mean BMFs aie for mercury in feathers and eggs, averaged for both groups of prey each Mercury ooncentratuons used
“to derive BMFs were ug/g dry weight total Hg.

Table A5- Data summary and calculations from Neumann and Ward, 1999

i BMF @ age _ - o .
Lake . . . Specles ] _ Age2 .3 ) 4 ’ 5|Lake Average BMF
Pickerel Black crappie->TP 371 . 34] - . .27 2.2 2.88
] Bliegill->TP - L. 2.4 : 2.6 - 29) 34 .
" |Lillinonah _ | Yellow perch->TP ] - 1.4 . 1.4} 1.3 12] 1.93
’ B |Bluegill->TP o 19] ~ 23 2.7]. ... 32

Moan . - 240
Notes- TP=top predators- largemouth bass smallmouth bass and cham pickerel. Mercury concentration values used to :
derive BMFs were expressed in ug/g dry wexght total Hg.

Table A6- Data summary and ealcu]atlons from Bowles et al., 2001

écles - Trophic Level Mean [MeHgl - [+1SD |-1SD

Arius bemeyi -2 A
Toxotes chataraus 2] . '0.2%
Mean [MeHqg] TL2 |- e 0.2

. A |
Stronqylura kreffti e 3 0.38
T a scratchleyi| 3 0.34
Lates calcanfer _ 3] 0.4
Mean [MeHg] TL3 j | 0.3
BMFs 2->3 1.67
Mean BMF 1.65

Note-A. bernyi=groove-snouted catfish}.. chatareus= seven-spotted archerfishS. krefiti=Sepik garpike; T.scratchleyi=giant freshwater anchovy,
L. calcanifer=barramundi. All concentrations used to derive BMFs were expressed as ug/g wet weight MeHg.
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Table A7: Summary of BMFs used in USEPA's (1997) PPF calculation

BMF |Predator 1P Location
;75. Jiake troit. ]bléryat'ei' L. Michigan -
3.5 northern pike, vellow perch, white |35 lake
largemouth bass  |sucker aggregate,
. upper michigan
3.6 northem pike, rainbow smelt, L. Tyrifjorden,
Jlargemouth bass _ Iwhitefish Norway
4 : northem pike, specific weighted  |L. Simcoe -
walleye. diets. . .
5 lake trout (60 cm)  Jrainbow smelt (15 |9 lake”
cm) apgregate,
Ontario,
5.06 northem pike,  |white sucker, cisco |average of 6
walleye Canadian
i : Shield lakes
5.22 walleye (age 5) yellow perch (age 2) |10 lake
: aggregate,
. o Wisconsin__
5.63 simallifiouth bass, ~ |gizzard shad, ™ Onandaga
: _ |walleye bluegill Lake, New York
6.8 northem pike yellow perch 43 lake
dggregate,
. ‘ |Sweden:
7.1 largemouth bass  [silversides ClearL.,
i . California
7.4 " |northem pike yellow perch 25 lake
aggregate,
: Sweden
9.8 northern pike spottail shiner, 4 lake average,
: Jysliow perch __IManitoba_
Table A8- Data summary and calculations from Ben-David et al.; 2001
_JASE Comments
0.14 0.1 Doty Varden, coastrangg sculgm sﬂcklebacks -
0.092 icent gunr interti i
0.116
- 95 L
T 81907 T 96.41

"Note- all mercury concantrations used to calculate BMFs were expressed as mg/kg dry weight total Hg. Standard errors used
were those reported in the study. Both intertidal and freshwater fish Hg concentrations were used due to stable |sctope
dietary analysis which indicated a significant portion of intertidal fish in diet.

Table A9- Data summary and calculations for Des Granges et al., 1998

) 09101

BMF per Habltat Liver. Kidrigy”  ~ IBrlln IMuscle
BMF Develo, . .2.542] . . 718 0.711] .
BMF Natural e 080] .893] - 0.984]

Mean BMF - T T 2.811

.806 0.848

Note- concentrations are éxpressed in mg/kg dry weight totat Hg. “Developed” a_réas are nesting sites on hydroelectric reservoirs. ~

" Table A10- Data summary and calculations from Halbrook et al., 1997

Jmean [Kidney] tmean Hal

743

1 ;.«_i ‘
19.03

2264 10823
20:25 87149
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Table A11- Data summary and calculations for Snodgrass et al., 2000

40] 0.18 0.26

41 0.32 _O.Ei

42 019] 0.32

7'7l 0.63! ___ 108

o7 027]  ~ 0.24] .

136] _033] __0.68]
“39f j 0.28] 0.35 ~

142 Y . 0.31
Mean o o T

Note- benthivore= lake chubsticker, top predator= redfin plckerel Gmean-geometnc mean. All concentrations )
are expressed in ug/g dry weight total Hg.

Table A12- Data summary and calculations from Francis et_ al,, 1998

Cutoff
Benthos . )
Carp Sm - - oo19| =~ ___0.015|<30 cm
ICarp Lg. ] "~ 0.100 0.101]>30 cm
Catfish Sm. 0.066] . ) 0.064]<30 cm
[Caffish Lg. : 0.199} - 0.199]>30 cm
Bullhead _ 0.003] - .. 0.003
Bowfin . 0:636 ] 0.813
Great Blue Heron : 16201 . . ,
Crappie ~ 7 0.003 0.001
Gizzard:Shad ~.0.004] . . 0.002
1Troéhlc Transfer - |Trophic Level _|BMF C Deulls
Benthos-Benthivores 2 1728 meanﬂarge can_'g+bullhead1@enthos_1
Benthivores-Large ] .
Piscivores 3 14.294 mean[bawfnﬂa[ge catﬁsh!mear_t]small‘cam+bullhead+smal'l caffish]
Benthivores- : ] ] ST
Piscivorous.Binds ) 4 85.563 [hemn!mean[small can_'g+bullhead+smaﬂ caffi sh+craggi'e:gizzard shad] .

Note- Benthos= ohgochaetes larval Chironomids, Ceratopogomdae Chaoboridae. Carp and catfish were grouped into-small and large
size classes to reflect their variable trophic level with size. Functional feeding relationships wére defined in the study. BMFs were
only derived for total Hg. Mercury.concentrations were expressed-as ug/g wet weight of total Hg and MeHg.
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Table A13. : Summary information to compare alternate species to receptor species.

Table B13- Summary information to compare aternate species to receptor species
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3 plarbat, Frorihemn ke (b {F trage S50 waters of iztes &nd large i " Twshwalet pelape ang Ciossman,
- Uneid) .
£ [Amns cans [ Bowhis allaye [Swampy, wgatstad Bags of warm Yos - Prscare Frirstwatar banthic| Seott and Cragsman,
1ab . th
3 Longnose sucker 4 BRKET Lok eatpendsimars (abmast rarywhars Vs irsaneeaies [Fratshwacor Berine | . o7t 80 Crosaman,
B30 iy clew, cod walsr) - . 3
3 Cottus cognates wpe R ild Deeper waters of Lab ey and covler Yes nyscinony - Frostowater benthuc . . ) [Scett end Crovamen,
5treams on rock: Fiesis i . . 3
3 cykrdracamzn [Round whdtehsh v ucker | 3kes df Cepih fens than (30 o [Yes Omnvre Prasrwate teritac] 456 Crozaman,
7 e0d 3 L apvounia mac 100 ferss Foragh 6¢h , wibdy, Wi witer o iuqe  [Yed Yy pyre——y f rhthwater banthic Seolt 108 Croseman,
. and sl Lkes, posds. 3rvd heasly . 1973
[regetated, slely Bowi) srsas of
[snall cvers and arge creeks  Shallow, R
baster, « 20 fest dyen : -
120033 Coregoous chedlormes  [Lake whatedish Forage fsh Codt water of fakes, spawns n Yor Omntrare ¥ cwsbwaten berthic| [Scedt and Crossman,
. shafiomarr water. Dvpshrange of& 10 |. . . . 5 1972
174 ot .
7 ot 3 K tataue punctatus [Channet ¢ stsh Cook, ciaar, despar waters of wge Yot Gnnivers F 10ihwat e bonth! . - B B IScott snd Crstaman,
ok y . - 1973
2end s Paeca flaveecens Velow perch arm to cool water habrtate of 89 Yor N Omeivore T [Frashwater palagic R f!%«x nd Cresman,
ypes  Prafer €303 waker and Denthi 1973
voguioton  Shaliow witer
: <30 fant duej .
12 a0 3 [Porcacs mepsdnas ot ue ik crappay ¥ Show peich [Clear, quint, warm 'watsr of Lasge Yoy Omwmors . [Frashwates berthx | : [Seatt and Crassman,
. [porxdy, yrvead takey, buays and . - 1973
hallower aceas of Larger lskes, and
of kow fow &f Liidad - . N
2033 Tictainn nebuosus .- [Brown buitess YoRow PRIZMWATE  {Shatow, warmwater srag ol - Yes Ometore ¥ rashwater benthic, . B Scort sad Cregsman,
. L eucker ipanduisheirimr  Daptda of <10 . - her3 .
3wd & [Latra cansdanais Rt ofer Laken/pondaimets Yes | Prigvors rethwater peisge ] 010017 X em 100% of digt e fiah
T nd AEatela waon Rrmaic an mirk Caedhondilimem - Ver - Sreweces Freihwatin el SR () 0% of Gt 13 Bah o7 Squk pre7 |
. » o benshis . o tmoan:55%) ’
T § pev—. [Comvenca 1oon totrpandinvert (ronsey hasast] [Vt Drte wore £ iathwratoe PATYGRE | Dorwd 318
Y] [Pardion hekestus sgrey [Lakes/pondr/vars Jentary hatdst)  {Yer Pracwore = Freshwater patagic [Foor plunger 0.2 . 0-40 ¢cm
13 and & Axdys herodizs Graxs Lhse heros Lakes/pondiivers Geetary habitat)  [Yos PisCwone Frastwacer petag [Ambuther 021 103 ¢
Band & | Sbr0gedcn vt Waters ShME0w, tudd takes; 3rge creams or [Yes i [Piscworn {Finthwater patagec
ped pomtheg
(3 end & aa RS Hotharn pike iy vegatited Showmeng Hairy aFVu pelage
bays ek . and berthic
3end &: Mxropiens setrocies  (Lergemouth ots [ Shatow beys of twgat leh s, rmore Yoo Orarcte lth-ot-v pelagx TAGZ dwt 13 SD0% smalt hated
) It h g ic
Sand 4 T Chan gickonel rysh ctieaens and he Yoa Priscaare roshwater petagic
: oted tabry ard poendy; water « 10 waid berdhic
Send & . |Eow srmernances ol prckiest . R ey wstatid atetc Yoz Praceom [Frechuator pelagc
eI . 3 e1tly 1 ponds und [an0 Lantnie
weddy DaChwalarsiquiat Bays of larger . . .
Secd & Sakeinus BaMIycush Lake trosa [Deep inkes; loas kaquerdy m nosthem [Yas [Omevaes reshwater pelage . - - Seott s9d Ceassman,
e of 126G @ shallow kkas a8 in . : ’ . ) . 1673 * N R &
Sand 4 Lats kta (Linnaeus) Burbed i contsssonthem Canada, the daep (Yo - Omnivoce [Frastateor petagec - . [Scon and Crosaman,
ors of Lk vs ond eners Rwstected snds torstin: . . B 1174 .
10 DaTow Bypeiennion in summar. "

102

_ -' ‘- - _’ - - -



APPENDIX B.

Table Bl.  Total mercury in benthic invertebrates (converted to ng/g wet weight).

Mercury Concentra‘tions.in Biota (Wet Weight)

, . BIOTA-TotalHg
~ Site ~ Chironomid Oligochaete
6660 2 8
6648 8.78 23.01
6697 34.89 11.86
6661 10.61 14.30
6698 [ 10.15 14.86
6662 | 19.11 913
6663 A o
6664 A 2
6665 258.28 227.85
6699 | - 134.34 _ 49.73
6666 . 123.13 2351
6667 24.81 (31.23)° 25.50 (28.41)°
6668 - 3554 . 5075
6669 70.53 (91.45)° 51.65 (67.92)°
6654 20.30 ‘  41.01
6651 12,10 711
66101 . 33.02 '48.18
66MI44 | 3658 171.23
66M253 | 1455 16.57
6M262 90.53 17636
~_66M264 54,04 103.78 -
66M269 | 31.41 2725
66M271 __ 3721 78.85
66M272 | 2976 - 23.57
66M76 ~242.08 3764
66M80 34.48 41.74
® no data; ° 2004 repeat
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Table B2. Methyl mercury in berithic invertebrates (converted to ng/g wet weight).

BIOTA — Methyl Hg
Site - . Chironomid Oligochaete
6660 S A
6648 2.92 0.56 - -
6697 1.45 0.05
6661 342 0.13
6698 4.17 . 0.40
6662 1.53 082
6663 A =
6664 o -a ) A
6665 3350 687
6699 17.14 352
6666 635 202
6667 " 6.64(4.30)° 2.34 (1.77)°
6668 . 13.15 138
6669 13.50 (9.47) 2.55 (3260
6654 - 2.81 175
" 6651 1.09 0.27
66101 8.90 587
66M144 544 458
-66M253 226 081
6M262 9.33 6.37
 66M264 6.61 337 -
. 66M269 446 . 1.55
. 66M271 6.54 153
66M272 581 1.86
66M76 T 12.03 326
__66M80 5.64 212

. ®np data; ° 2004 repeat




APPENDIX C.

Total Mercury Data (Caduceon Laboratory)

Table C1. Total mercury concentrations in St. Clair River sediment (top 10 cm) (Caduceon

Laboratory).
Location Site ‘Total Hg
| : - | (ng/g dry weight)
.__Upstream (Pt. Edward) | . 6660 007
~_Upstream (Sarnia Bay) 6648 1.04
|__Upstream (Sarnia Bay) 6697 ~0.06
~_Upstream (Sarnia Bay) 6661 | 0.04
Upstream (US) 6698 0.03
__Zone A 6662 0.17
Zone A 6663 4930
Zone A - . 6664 _16.20
_Zone A | 6665. 270
Zorie A 66M76 | 2.99
ZoneB 6699 298
Zone B 66M262 201
“Zone B _66M272 2.56
~ ZoneB 6666 1.35
Zone B 66M253 | 133
ZoneB . 66M271 438
______ Zone B - 66M144 _2.82
~ ZoneB 6667° 1.71/2.96
ZoneB 66M80 2.77
~ ZoneB 66M269 1.65
_ZoneB | 6668 1.19
Zone B | 66M264 237
Zone B. | 6669*° 2.20/4.38
Mouth of Baby Creek 66101 -0.64
Stokes Pt Wharf 6654 0.27
Delta - North Channel (US) | 6651 - 0.06

#2001 and 2004 results; "QA/QC site, values represent the average of three field replicates
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APPENDIX D.

Organic Contaminant Concentrations

Table D1. Organic contaminant concentrations (ug/g dry weight) (2001 sites).

Component
- 1,2,3,4-tetrachlorobenzene
1,2,3,5-tetrachlorobenzene
1,2,3-trichlorobenzene
1,2,4,5-tetrachlorobenzene
- 1,2,4-trichlorobenzéne
1,3,5-trichlorobenzene
2,3,6-trichlorotoluene
2,4,5-trichlorotoluene
2,6-dichlorobenzyl chloride

a-BHC (hexachlorocytlohexane)

a-Chlordane

Acenaphthene

. Acenaphthylene
" Aldrin

Anthracene

b-BHC (hexachlorocyclohexane)

Benzo(a)anthracene
Benzo(a)pyrene

- Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
d10-phenanthrene
d12-chrysene
ds-naphthalene )
Dibenzo(a,h)anthracene

- Dieldrin
Endosulphan | '
Endosulphan || )
Endosulphan sulphate
Endrin

" Fltoranthene
Fluorene . -

_ g-BHC (hexachiorocyclohexane)
g-Chlordane ’
"Heptachlor:

Heptachlor epoxide
Hexachlorobenzene
Hexachtorobutadiene
Hexachloroethane
Indeno(1,2,3-c,d)pyrene
Methoxychior

Mirex

- Naphthalene

Octachlorostyrene

op-DDT

Oxychlordane

PAHS; total

PCB; total
Pentachlofobenzene
Phenanthrene

pp-DDD

pp-DDE

pp-DDT
Pyrene

Toxaphene

{

6648 6697 6661

< < <
< < <
< < <
< < <
< < 0.004
< < . <
< < <
< o< <
< < <
< . < <
< < <
< < <
< < <
< < <
< < <
< < <
< < <
< < <
< 0.04 <
< < <
< < <
< 006 0.04

0.096

0.082 0.091

0.11 0.1 0.11
<
<
<
<
<

<

0.06 - 0.08 0.06
<
<
<
<
<

0.00 02 0.004

AAAAAAAAANSBAAANADAARKANANA:

o
»
o
o
&

o ¢ Ll '
AOAAASDAAIDXIAAAAAAANA
)
=)

»
o
(Y

AAAAAAAI\AbI\I\A.I\AbAI\I\AAI\

6698 6662
< <

AAAAAAANAAAAAARAAARAA

0.6
0.52

A

- 0.04 0.82

< 032

< 034

004 08

0.094° 0.099 0091 0.094
0.089 0088 0.084

0.1
0.08

0.11

A

AAA,I\..A.AAI\A<I\I\A/\I'\A'QI\AI\AA
A

006 1.7

e .o
A AADAAA
8

6665
K 4
0.004
<
0.01
< .
0.05
<

A

N

(=]
AL

0.08

0.04
0.18
0.12
0.1

0.12

A

co
AAAODINAAAARA

e

- 0.1

0.26

- 0.008

<
<
<
0.14
0.036
<
<
1.68
0.14
0.013
0.34
<
0.004
<

03
<

(=

o &

6699

<

0.002
<

0.019

<
0.026

oA A AANAAA
g R

o..
AOA
]

0.08
0.08

0.14
0.094
0.086
0.099

A

oo
ANANAAO=ANANAANNMNA

<
0.19"
0.15
0.005
<
<
<

0.12

0.093

<
<
1.36
0.1
0.016
0.32
<
0.004
<.
0.24
<

[+ 0+ ]

6666 6667 6668 6669

<
<
. <
~0.011
<
0.016
<

A

.o
AARAASAAA
N

<

0.42
<

< <
0.003 <
< <
0.008 0.01
<. <
0.02 0.022
< <
001 <
< <
. < <.
< <
< <
< <
< L <
< <
< <
012 0.1
. 008 <
0.14 0.12
0.08 0.08
0.04 0.04
.0.18 0.16
0.094 0.097
0.08 0.087
0.093 0.089
< <
< <
< - <
< <
< <
< . <
032 034
0.04 0.04
< <
< <
< - <
<. <
0.18 0.03
0.077 0.036
0.003 <
< 0.08
. < <
< <’
0.06 <
0.053 0.02
< <
< <
168 1.54
0.16 0.1
0.01 0.006
032 0.28
< <
< <
< <
0.3 0.3
< <

0.012

<

.0.002

<

<

0.028
<

A AAAAAAA
®» .

O

= =)
ALA L

0.04

0.16
0.097
0.087
0.1

A

oo
AANAANOaAANANANNA
. R

0.1
0.06
0.005
<
<
<
0.04
0.038
<.
<

118

0.2
0.011
0.22
<

0.002

<

0.24
<

6654 6651
< <
< <
< <

0.008 <
< <

0.01 <
< <
< <

o< <
< <
< <

_< <
< <
< - <
< <
< <
< <
< »
< 0.04
& <
< <
< - 0.04

0.092 0.095

0.086 0.085

0.099 0.098
< <
< <
< <
< <
< <
< <

- < 0.0
< <
<. <
< <
< <
< -

0.02 0.005

0.017 <
< <
< <
< <
< <
< <

0.011 <
< <
< <

0.08 0.28
< 0.06

0.003 <

0.04 0.08
< <
< <
< <

004 006
< - <
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Table D2. Organic contaminant concentrations (ug/g dry weight)s in St. Clair River sediﬁ;ént (2004 sites).

. SITE 66M76  66M262° 66101  66MS0. 66M271 66M144 66M272 66M264 6667  66M253 66M269  6669-1 66692  6669-3
Component MDL Units o : : '
Aroclor-1016 0:038 ug/gm <0.041 < < < < < < < < <0045 < < < <
Aroclor-1221 0.042. * <0.045 < < < < < < < < <0.049 < < < <
Aroclor-1232 0.058 '  <0.062 < < < < < < < < <0.068 < < < <
Aroclor-1242 0.043 " <0.046 < < < < < < < < <0.050 < < < <
Aroclor-1248- 0.032 " <0.034 < < < < < < < < <0.038 < < < <.
Aroclor-1254 0.059 " < < < < < < < < < < < < < 0.096
Arocior-1260 0.031 » <0.033 <. < < < < < < < <0:036 < < < 0.083
Aroclor-1262 0.044 " <0.047 < < < < < < < < <0.052 < < < <
Aroclor-1268 0054 .~ <0.058 < < < < < < < < <0.063 < < < <
Total PCBs 0.059 v <0.062 < < < < < < < <. <0068 < < < 0.18
Hexachlorobutadiene 0010 'mgkg 0.077 0.099 <0.011 0.03 0.022 0:017 0.031 0.032 ' 0.037 0.043 0.044 0.053 0.082 0.028
Hexachlorabenzene 0.010 " 0.59 . 0.079 0.015 0.041  0.03 0:024 0.068 - 0.029° 0.89 : 0.072 0034 0.12 0.072 0.087
Octachlorostyrene 0.010 0.075 004 <0.011 0028 0013 0.013 - 0026 0015 0.027 0026 0025 0.048 0.053 0.043
Surrogate Recoveries: % ’ : '
4,4-Dibromooctaflourobiphenyl 65 54 65 57 62 -61 66 ‘64 62 65 62 64 60 63
Decachlorobiphenyl 81 68 73 72 70 71 74 72 71 75 - 75 74 67 73
Surrogate Recoveries % : y . _ ] ' . i S )
1,4-Dibromobenzene . 90 81 77 70 56 42 57 . 863 72 71 65 - 59 69 66
1,3,5-Tribromobenzene 88 - 81 83. 76 48 46 52 67 77 74 62 48 58 61
1,2,4,5-Tetrabromobenzene - 97 94 96 106 - 67, 54 73 69 .99 - 101 80 ~ 70 77 77

Hexabromobenzene 107 102 103 97 77 - 66 -103 91 117 94 105 102 99 95

101
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Table D2. Continued.

SITE ‘ 66M76° 66M262 66101 66M8B0 66M271 66M144 66M272 66M264 6667 66M253 66M269’ 66691 6669-2 6669-3

Component . MDL Units : ) .

Naphthalene 0.010 ‘mg/kg 0.25 0.1 < . 0.049 0.28 0.039 0.13 0:044 0075 0061 0047 0039 0.049 0.044
Acenaphthylene 0010 " 0.045 0.027 < 0.026 0.014 . 0.042 0.058 = 0.031 0.02 - 0.026. 0.02 0.042 0.04 0.038
Acenaphthene 0.010 " 0.1 0.059 < ©0.072 0036 0045 0.12 0.037 0.05 0.062 0.039 0.037 0.046 0.039
Fluorene 0.010 . 0.13  0.099 . 0.011 0.13. 0.083 0.11 ‘015 . 0.087 0.086- 0.083 0.069 0.093 0.11 0.095
Phenanthrene 0.010 " 0.54 0.39 . 0.043 0.44 ‘0.33 0.22 0.45 .0.24’ 0.32 0.27 0.28 0.28 0.34 0.25
Anthracene 0.010 " 0.14 0.096 < 0.086 0.069 0.066 0.1 0.07 0.073 0.063 0.056 0.09 0.1 0.088
Fluoranthene 0.010 " 0.25 0:.17 0.022 017 = 042 . 0.097 0.24 0.17 0.19 0.1 0.14. 0.24 0.27 0.24
Pyrene 0.010 " 0.41 0.29 0.036 0.3 0.25 0.2 0.37 026 . 0.26 -0,18 0.2 0.48 0.5 0.47
Benz(a)anthracene 0.010 . 0.13 0.087 < 0.1 0.074 0.05 0.14 0.075 011 0.059 0.086 0.15 0.17 -0.15
Chrysene 0.010 " 0.19" 0.12 . 0.021 0.5 012 .0:.076 0.19 0.11 0.15 0.12 0.11 0.19 0.21 0.2
‘Benzo(b)fluoranthene. 0.010 0.12 0:064 - < 0.076 0.041 0.034 0.15 0.068 0.097 0.084 0.072 0.12. 0.15 0.13
Benzo(k)fluoranthene 0.010 " 0.029 0.011 < 0.012. < < 0.027 0.011 0026 0.011 0.015 0.028 0.031 0.03

" 0.085 0.042 '0.036 017 0.066 . 0.11 0.069 0.08 0.15 0.16 0.16

Benzo(a)pyrene 0.010 " 0.16 0.077 < . _ :
Indeno(1,2,3-cd)pyrene 0.010 " 0.071 0.03 ° < 0.032 0.013 0014 0078 0.029 0.049 0.032. 0.032 0.061 0.073 0.068
Dibenzo(ah)anthracene ~ 0.010 " 0.044 0.024 < 0.021. 0.01 - < 0.041 0.017 0027 0.023 0.024 0.037 - 0.039 0.04
Benzo(ghi)perylene 0.010 " 0.15 0.061 < 0.058 0.032 0:029 0.12 0.05 0.083 0.074 0.059 0.099 0.11 0.1
Total PAHs ) 28 . 1.7 0.1 1.8 1.5 11 2.5 1.4 1.7 1.3 13 21 24 21
Surrogate Recoveries % : ’ : : o
Anthracene-2H10 } o 86 . 85 89 - 83 81 83 82 84 + 85 87 83 84 84 82
Chrysene-2H12 ' 79 80" 81 82 - -82 . 81 78 78 80 79 78 80 82 79
Benzo(a)pyrene-2H12 o 96 96 - 99 -98 . 99 97 - 94 96 ) 96 g5 94 - 97 o8 96

-—t

o
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APPENDIX E. Invertebrate Family Abundances

Table El. Invertebrate families identified in the St. Clair River, 2001 (densities expressed as number/m?).

Upstream IR j Zone A | Zone B [ Stokes Pt | Delta |
Fain m_o'» s648] 6697  eset Esss' o2 ess . M*__%cg il_l
Adicylidae. 100 9.0) 0.0 00| 0.0 ; 0.0 0] 00| 0] 30| 603 0.0 0.0
Arenuridie | 00| ___ 0.0 00| 1206 0.0[ 0] 00 X ; ; ~ 0.0 00| 00 —__ 00l 00
Ascllidac 00l 00l _ 00l 00 90| 0.0 0.0 ; + 0.0 0] - 00l _ 00 0.0
Baetidae 0.0 359] 00| .. 00 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 00 0.0
Bosminidze 0.0 0.0 00| 00 00 0.0 0.0 0.0 0.0] 0.0 0.0 0.0 ~ 90|00
Brachycentridae 0.0] 0.0 0.0 00" _"“oo] . 0.0 0.0 0.0 6C§|_;.0 0.0 0.0 00 0.0
Caenidae 0.0 53.8] - 1809 00| 00| 90| ___00 0.0 723.a|- 904‘7I, 0.0]__1146.0 10934 o.‘t)I
Candoniidze 0.0) 35.9] 0.0 0.0 44.3) 00 . 00] . 00 0.0 0.0 00| 904.7 .0 60.3
c e 0.0 0.0 0.0 so sl ) 00— 00| 00| o0 o0 o 603 o[ 0.0
. |Chironomidae. . .@gi 20812.1] 30157] 16948.1] "156864] 1990.3] 3246.7] 46284 8158.3] 13269 - 45235 8]_11037.4] 4768.9] 221954
Cliydoridae_ — 90| 2330 0ol 7238 0.0) 0.0 2599 0.0 9.0 60.3] ___60.3 o] 1809 4750 0.0
[Coenagrionidae” ool o00l 00 ool 0.0 0.0 0.0 0.0 0.0[ c.gI 0.0, 0 0.0 of a0
Crangonyctidae  ~ ~ 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C.(_)J i .30l . 0.0 26.9 0.0 -
idariidae 0.0 oo oo 00 0.0 35.9 0.0 0.0 0.0 0.0 00] . _00[ 0.0 0.0
clocyprididae 00 9.0 AT 00 . 00 0.0 0.0 60.3 0.0 0| 15078 - 1344 0.0
Cyclopidae - 9.0 0.0] oo 603 — 00 0.0 0.0 0000 0.0] - 0| 3016 — 269 00
rididae o.qF 0.0 120.6 60.3 0.0 0.0]___ 448 0.0 60.3 60.3] o o2883] ~ 1882]. T 00)
Daphnidae 00| 34683 oo 603 0.0 00 ___00] 0.0 00| - 00 .0 0.0 00| 00
Dreissenidae | 90 1793 0.0 00| 00 448 179 3018 0.0] 0.0 0.0 0.0 — 0.0 0.0
Empididae 00l oo| 00 00 90 00| 00 0.0 60.3 0.0 60| 361.9 8694 00
Eiichytracidae___.|.____ 0.0 337 60.3 00 0.0 11;2' 11.2 00| 00] 180.9 60.3) 37.5] 24125 1754.1 60.3]
bemeridae 00| ___9o0]___ 603 603 0.0 0.0 0 0.0 o) Y] ) Y 0.0 00l 1809
obdellidae 00— oo — o0f 0.0, 0.0 0.0 0.0 0.0 0.0 0.0] 00 00| 1206 0.0 0.0
Gammaridae 9.0 248 603l 00 — 0.0 9.0 5.0 0.0 0.0]__1206.3 0.0 30| 603 9.0 0.0
Glossiphoniidae 00, 0.0 0.0] 0.0] 0.0 0.0 0.0 0.0 0.0 00 00 _ 00| 1809 0.0 0.0
Hyalellidae 00] 2510 0.0) [X) —0.0 0.0 9.0 0.0] 1206 0.0 0.0 00| 00| . 0.0 0.0
Hydridae 00 90 00 00) 0.0 0.0 0.0 0.0 0.0 0.0 0.0[- 0.0 _ 00| — 0.0 0.0
Hydrobiidae 0.0 00f _1204] 0.0 " 00] 1255 448 00| 41013] 15078 0.0 239] 32569 26.9 0.0
Hydropsychidae 00 93.6] 00| __ 3016 —o0] 35.9' 2868 179 oo 120.6| 0.0 0 00 __ c.ol 0.0
Hydroptilidae 0.0 95{ 0 00 00| ___o0] 0.0 60.3 0.0 0 ool . 7868 0.0
Hydrozetidae | . 0.0 0.0] o[ 0.0 0.0 0. i CQF 0.0 0.0 0 0.0 0.0] 00
Hygrobatidse | 9.0 93.6] 0.0] 422§F ; 0.0 j 0.0] _ 6 0.0] 1809 0.0 0.0 0.0 0.0
Lebertiidae 90| 1255 0.0 603 1434 0.0 ; oo 0.0 0.0] 3.0 0.0 717 00
idae oo ool ool _ 120.6| 90| 241 3| ] ; ogk 60;3 — 3016 60.3] 0.0} 5428 62.7) 0.0
Limnesiidae 53.8] 26.9] - 0ol 00 0.0 - 00 "~ o 0.0 . 0.0 120.6| “0.0 0.0 . 120 966.0] 89.6] 0.0
Limnocytheridae 0.0 443 00| ~ 3016 _ oss 0.0] 0.0 0.0 00 00" —oo0] 2413l .00 0.0 —_00 0.0
Lumbriculidae 22,5 0.0 0.0 00|~ 225 .00 0.0, 0.0 0.0 0.0 0.0 00] __00]_ 12086 o Y
Lumbrineridae [0 YT 0.0 00| 269] 00| _ 170.3 359 0.0 0.0 0.0 00] 00l .00 0.0 0.0]
Lymnséidas. | 00| oo oo 00 [0 § 00] .. 00 0.0 0.0 ool 00 0.0 0.0 'sczlf 00 0.0
Macrothricidas 0.0 26.9) 00] 3619 17.9 0.0 00| 00| 00 0.0 0.0] 180.9] 0.0 0.0} .~ ',,__c.ol 0.0
Mactridae - 00l - 00 0.0 0.0) 0.0 0.0 5.0 3597 90l 00 0.0 00l 30 0o eo7| _ ,c.g]
Milnesiidae ool 713l - 00 0.0 179 0.0 0.0 0.0 00| 00 0.0 0.0 0.0 0.0]. 60| 00
Muscidae 0.0 00 ool - o0 0) 0.0 0.0 0.0 0.0 00 _ 00l . 00 0.0 0.0 0.0} 0.0
Naididae 1012|7533 1206]  4222] _ 22375 00| 1911|2136 337 60.3]__241.3] 1930c 375 2413 4598.8] 0.0
Oxidae 00| 90 ool 0.0 00 00 0.0 0.0 0.0} 0.0 00]___ 00 30] 603 0.0 0.0
Physidae 0.0) 0.0 00 00| - _90 0.0 0.0 0.0 00} 2413 4222 __ 00 0.0 0.0 — 0.0 0.0
Pionidze 627 2510| 00 4825 1793 0.0 80.7 48] 00 0.0] 1809 3619 0.0] 3016 0.0 0.0
Planariidae. 0.0l 00 0.0 0.0) 0.0 0.0 0.0 0.0 0 ol 1206] 1206 0.0 00| 18038 26.9 0.0
Plancibidae__ oo o0 603 0.0 00 00 00| _ 00 0.0 0.0 60.3 00] 00 0.0 0.0 0.0
Pleuroceridac . 00 oo __ 00 0.0 0.0) 0.0 26.9] ~_ 269] o.ol. 0.0 0.0 0.0 0.0 0.0 00| 00
Polycentropodidae 0.0 90 00 Y ESTTY) 0.0 0.0 0.0 00] 00 0.0 0.0 0.0 0.0 00| - 00
idae - 0.0) 0.0 00 00| _ 179 0.0 0.0 ool ~ ool 1809 1206] - .00 9.0 60.3] 538 0.0
Sphagriidas_ i 0.0 0.0 0.0 X0 Y Y 16.5 24.7) 82 00 00 — 00| 55/ 10856 00 3016
Spongillidae_____ 2958] 31010] 39204 S8347] 18194 oo 90 @12 00| 9831.1] 1206.3] 15621.2]  179.3] . .663.4 188.2] 19300
|Tetrmstemmatidac |~ 0.0 ,1019| 0.0 00| 6005 60| __107.6 0.0 0.0 0.0 0.0 60] __ o0[ 1434 0.0
Torrenticolidae ~0:0 ool oo oo 9.0 0.0 35,9 00 0.0 00 00| 0.0 _ 0.0 0.0
Trhypachthoniidae | 9.0 17.9] 00] 0. 0.0) 0.0 0.0 7.9 00]_ 603 60.3 0.0 50| 00
Trochochaetidae 0.0 0.0 00 603[_ _ o00] 4222 26.9 0.0 00| 1930.0] _361.9] _ 13269 0.0] 1206
Tubificidae 2451.2] 45819.0) 12123.0] 196019| 15876.4] 55488.5]  610.8] 5385.8| 1248.1] 451749 47W.6 ~ 23884.2 1384.2| 218335
[Urionidae ______. o0 0 0.0] 00, 00| __00]. 00 0.0 9.0 0.0 00] 00| 0.0 0.0
Valvatidae i o0l . oo — 1206 00 - 00 (<) I X) 26.9) 00] 6031 965.0] 0.0 0.0] 0.0
" QA/QC site; Vali represarits mean of three field replicates
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Table E2. Relative densities (%) of major macroinvertebfafe taxa in St. Clair Rivér, 2001. Reference site dé\ta-includes the mean of
upstream sites in the St. Clair River (n=5) and the mean of the Great Lakes reference sites (Refererice Group 3, n=51).

. Reference II Zone'A ) : ' . Zone B ) Downstream .

Relative Density (%) Upstream|' Great Lakes“ N ’ . ’ i I ’ Stokes.Pt.‘lj Delta .

St. Clair River|  Ref. Group 3 6662)  6663| 6664 6665]| 6699] . 6666| 6667| 6668} 6669 6654 6651

Tubificids 22| ‘ 193] . 966 18.1 48.2 131 _85.3] 825 71.7 78:0] - - 71.8] 9.1] 4941

) Chironomids ~41.2| 37.7| 3.4 62.5 43.2 85.9]1 2.4 7.8] . 20.9 20.6] — 13.2] 31.1 49.7

Sphaeriids 0.0 . 12.5 0:0 0.3 0.2 0.4 0.0] 0.0 0.0 0.0 1.3l 0.0] 0.7

Naidids] - 21| : 6.5] 0ol 45 1.9 o;Q“> - 01 25 5.5 0:.3] - .0.4]r 30.0 0.0

Gastropods 0.7] 35| 00 6.2 1.4 0.0 10.3) 5.1 0.0/ 0.3 5.7 0.5 0.0

Amphipods| 0.2 o_“ 00] 0.2 0.2 0.0} 02 - 0.0 0.0 0.0 0:0[ 0.0 0.0

Mayflies - 02| - 17 - 00| 0.2 0.1 0.0 0.0 0.0 0.2 0.0 1:§|| 7.0 0.4,

Trichopterans 1.1 19‘“ o0 . 0.9 3.0 0.3 0.2 0.8] 0.0 0.1 0:7] - 2:6] 0.0

Others 23 15.5 0:0} 714 1.8 0.3 1.5 1.3 7] . 06| 59  19.8] 0.1

oLl
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Table E3. Macroinvertebrate taxa identified in the St. Clair River, 2001 (densities expressed as number/33.1 6qm2).

UPSTREAM. DOWNSTREAM
Site 5660 6648 6697 6661 €698 | 6662 8663 6684 . 6665 66989 5666 6567 €668 6669 6654 6651

._i !._ﬁ, iﬂaida i

Cl. Oligochaeta .

F..Enchytraeidae B 1 . . .

Enchytraeus - 0.11 - - - - - - - 0.60 0.20 0.12 - 0.75 -

Mesenchytraeus- - - 0.20 - 1.01 (| - 0.04 0.04 - - - - - 8.00 5.07 020

F..Lumbriculidae ] o

Edlipidritus sp. 0.07 - - - 0.07 - - - ’ - - - - ) - 0.40 C. -

F..Naldidae . . :

Allonais pectinata _ - - - - - - 0115 - - - - - - - - -
‘Chaetogaster diaphanus - - - - - - - - - - - - - - 0.07 -

Chaetogaster diastrophus - - - - - - - - - - - 0.20 - - - -

Dero digitata - 0.04 B - - - - - - - - 0.20: 0.09 - - -

Dero furcata - - - - - - - 0.1 - - - - - - - .

Nais.bretscheri - 0.07 - - 0:15 - - - - - - - - - 0.22 -
‘Nais.communis - 0.04 - - - - 0.15 - - - - < - - - -

Nais elinguis - < - - . - - - - - - - - - 0.04 -

Nais simpiex - - - - 088 - 0.04 - - - - - - - 0:22 -

Nais:variabilis - 1.60 - - 2.68 - - 0.34 - 0.20 0.40 - - 0.20 14.02 -

Ophidonais serpentina - - - - - - - - - - - - 0.01 - - -

Paranais frici - - - - - - - - - - - 5.80 0.02 - - -

Pristina acuminata - - - - 0.37 - - - - - - - - - - -

Pristina aequiseta - 0.04 - - - . - - - - - - - - 0.20 - -

Pristina’jenkinae - 0.07 - - - - - 0.15 - - - - - - 0.56 -

Pristina leidyi - - - - 0.07 - - - - - - - - 0.40 - .

Pristina-osbomi: - 0.07 - - 1.08 - - - - - - 0.20 - - 0:04 -

Specaria josinae 0.04 0.52 0.40 1.20 0.15 - - 0.04 - - 0.20 - - - 0.04 -

Stylaria lacustris - - 0:20 - - - - - - - 4.00 - - 0.20 0:04 -

Uncinais uncinata 0:30 0.04 - 0.20 1.83. - 0.41 0.04 0.11 - 0.20 - - - 0.04 -

Vejdovskyslla comata - 0.07 - - 0.19 - - - - - - - - - - -

Vejdovskyella intermedia - - - - - - 0.04 0.04 - - - - - - - -

F. Tublficidae .

Aulodrilus americanus - - - - - - . - - - - - - - 0.15 -

Aulodrilus-limnobius - 0.04 - 0.20 - - - - - - - 0.01 1.20 - -
Aulodrilus pigueti - 186 0.80 2.60 0.07 0.20 0.07 1.23 - 2.00 3.00 11.00 0.93 12:00 0.04 380

Aulodrilus pluriseta - 0.04 - - - . . - - - - - - . - - .

llyodrilus templetoni - - 0.93 - - 0.48 1.20 0.04 0.04 - 0:40 - - 0.24 520 . - 0.60

Limnodrilus.cervix - - - 0.20 - 0.40 - - - . - - - - - -

Limnodrilus claparedianus - 0.11 - - - - - - - - - - - - 0.04 - s

Limnodrilus:hoffmeisteri - 216 0.20 1:20 1.08 | - 0.56 1.79 - 0.60 1.80 1.40 0.47 6.00 0.07 2.00
-Limnodfilus maumeenis - 037 0.40 0.20 004 | 180 - 0.04 - 0:20 - - 0.01 0.80 - 0,80

Limnodrilus iidekemianus 0.04 -2.50 220 1:00 1:83 4:20 - 0.07 - 8.60 4.40 2.00 014 = 240 0.37 0:20

Potamothrix moldaviensis 0.15: .0.30 0.80 0.40 . 188 | 120 . 0.07 0.22 0.26 0.40 0:40 es . 014 - 0.22 1.40

Potamothrix vejdovskyi 0.15 0.07 C - 0.40 0:30 - 0.07 - . 0.26 - - - - - - -
Spirosperma ferox 0.04- - - - 052 - - 0.04 0:11 - - - - - 4.40 0:30 -

Tasserkidrilus americanus - - - 0.40 - | os8o - - - 0.20 0.80 020 - - - -

Tubifex tubifax 0,04 - - - . ) - 0.04 - N - - - - . - -
Quistradrilus multisetosus - - - 0:20 - : 1.40 0.12 . - . - 6.40 1.20 4.40 1.23 0:80 - 0.40
Immature tubificids with cheatal hairs 048 39,75 14.00 6.80 3.73 1328 . 1.90 .13.94 3.58 105.80 119.40° 52:00 24,07 127.40 2.98 54.20
Immature tubificids without cheatal hair 7.23 103.80 21.80 52.00 4273 | 4220 0:22 0.41 0.04 31.80 27.00 12.80 4.96 37.60 0.60 9.40
C. Hirudinea R
F. Glossiphonildae . . . )

Alboglossiphonia heterodiita: -. - X - - - - - - - - - . - - . 0:60 - -
F. Erpodellidae . .

Nephelopsis obscura - - - - . . - - - - . - - 0.40 - -
'P. Nemertea - 0.36 - - 1.99, - 0.36 - - - - - - - 0.48 -
P.Nemata_ © 026 2.82 4.00 1.00 2,05 540 0.6 0:35 0.06 2.60 6.20 1.40 0.43 33.80 461 0.:60
.P. Platyhelminthes S - 0.45 - - 018 - - 008 T - - 0.40 0.40 - - 060 | 0.09 -
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Table E3. Continued.

P. Arthropoda '
g- Amphipoda
Hyalella azteca - 0.83 - - - - - 003 - 040 - - - - - -
oct 0.01
Gammarus lacustris - - 020 - - - - - - - - - - - - -
Gammarus sp. . 0.03 0.15 - - 082 - 0.03 0.03 - - - - - - - - -
O.Isopoda. .
F. Asellidaa
Caecidotea - - - - 003 - - - . - - - - . - R
0. Acari . 172 - - 0.02 o1
Sub O. Prostigmata
F. Arrenuridae ’
Arenurus sp. - - - 0.40 - - - - L. - . . . . . .
F. Hygrobatidae ' .
Hygrobates sp. 0.03 033 - 1.40 0.24 - 027 o1 - 020 - - - - - -
F. Lebertiidae .
Lebertia sp. 0.03 045 - 020 048 - 0.08 006 - - - - 0.01 - - ‘024 -
F. Limneslidae . . )
Umnesia sp. 0.18 0.09 - - - - 0.03 - - 0.40 - - 0.03 3.20 0.30 -
'F, Oxidaa : 8
-Oxus sp. - :0.03 - - - - - - - - - - 0.01 020 - -
‘Forelia sp.. - 0.62 - 1.60 - - - : - - - 1.20 - - - -
‘Neotiphys - 0.21. - - - - - 0.06 - - - - - 1.00 - B
‘Piona sp. 0.21 - - - 059 ' . 0.27 0.09 - . - 0.60 - - - - -
F. Tomrenticolidae . 0.03 . - .
Testudacarus sp - - - - 003 - - - - - - - - - - -
Torrestticola sp. - - - - - - 0:12 - - - - - - - - -
0. Orhatida !
F. Trhypachthoniidae 0.03 0.06 - - - - - 0.06 - 0.20 0.40 - 0.02 0.20 - -
- B - - -] - - - - - - - 0.01 - - -
CLInsecta
F: Ceratopogonidae - - - - - - - - - - - - . 0.20 0.03 -
F. Chironomidae
myia . - - - - 0.12 - 0.08 - - - - - - 0.80 0.91 -
Chironomus 0.32 461 0.60 160 0.7 220 0.20 038 0.08 020 0.40 .00 029 0.20 - 2.00
Cladopelma - - 0.40 - - B - - - - - - - - -
Cladotanytersus - 0.04 - 0.60 - - 0.28 ‘0.18 0.20 - - - - .- 0.04 -
Cricotopus ' 0.07 1.03 B 0.20 217 - 0.55 -0.08 - - 0.60 - 0:16 1.40 1.30 -
Cryptochironomus. 0.83 0.08 0.40 0.40 0.32 - 0.35 o 1.03 - 0.20 1.00 0.09 1.00 059 1.20
Cryptotendipes 0.04 - - - - - - - - - - - - - - -
Demicryptochironomus 0.04 0.04 - - 032, - 0:20 016 - - - - - - 0.04 -
Digrotendipes - 134 - - - - Q.58 a.04 - 0.80 020 - Q.11 3.60 1.14 -
Eukiefferiela - - - - - - - K - - - 0.20 - - - -
Hamischia - - - - - - 0.04 - - - - - - - - -
Lopesdadius - - - - - - H - - - - - - - 0,08 -
Microtendipes - 0.28 - - 0.04 - 0.08 004 - - 0.20 B - - - -
Micropsectra - - - 0.60 - - - 0.04 - - - = - - - -
Monodiamesa 0.51 - - 0.60 - - 0.12 0.04 0,16 - - - - - - -
Nanodadius 0.04 - - - - - - . - - - - - - . -
Nilbthauma - - - - - - 0.16- oo - - - - - - - -
Orthocladius - - - - - - - 0.04 - - - - - . . R
Parachironomus - - 0:20 - - - - - o - 0.20 - - 4.00 - -
Paracladopeima . - 0.12 . - - - - - 0.04 - - - . . - R
Paraidefferiella - 0.20 - - 032 - 0.47 020 - - - - - - - -
Paralauterbomiella 078 3.04 - 4.20 063 0.20 0.24' 0.3¢ <051 - 0.20 0.20 0.08 - - 0.60
‘Paraphaencdadius - - - - - - 0.04: - - - - - - - - -
‘Paratanytarsus - 0.35 0.40 - 0.04 - 0.59: 035 - - 1.00 - 0.09 1.80 1.30 :
Paratendipes - 142 - 040 043 - 0.12 043 0.04 0.40 - - 0.05 - - -
‘Procladius 0.07 11.28 0:80 520 3.51: 0.60 0.12. 0.47 0.20 1.80 5.00 6.00 ‘0.16. 10.80°. - 1:00
- Polypedilum 18.46 36.24 1.80 38.60 2607 240 8.31 1187 | 22433 0.60 3.80 10.00 683 11.60 722 6720
Potthastia longimana group 0.04 0.08 - 020 - - 0.16 - 0.1 - - - 0.03 | - 0.24 -
Psectrocladius - 0.04 - - 0.04 - 0.04: <= - - - - - 0.20 035 -
Pseudochironomus - - - - - - - 0.08 - - - - to- . - - -
Rheotanytarsus 0.04 233 - 0.40 3.08 - 0.12 0.32 - - 140 - 025 0.60 1.8 -
Stempeliina - - - - 0.12 - 0.04 - - - . . - K N .
Stictochironomus 0.07 1.80 0.20 180 0.16 0.40 0.28 032 0.20 - - - - - 0.63 0.80
Tanypus - - - - 0,04 - - - - - - - - 0.20 - -
Tanytarsus ' 020 1.22 - 1.00 0.12 - -0.24 at6 - - - 0.20 - 0.40 0.04 -
Thienemanniella - 0.04 - - - - - - - - - - '0.01 - - -
Thienemannimyia - 035 - - - - - - - - - - - - - -
Tribelos 0.04 3.00 5.20 060 13.76 0.80: 0.24 0.55 0:12 0:80 1.80 "~ 6.80 ‘0.85 - .28.40 . 0.08 080
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Table E3. Continued.

R UPSTREAM . DOWNSTREAM
3 3 6648 ~ 6697 "~ 6661 - 6698 62 6663 6668 6; 6668 6669 6654 6661
F. Empididae 015 -
Chelifera - - - - .1 - - - . - - - . . R
Hemerodromia sp. - - 020 - 0.15 - 0.03 - - - 020 - 0.02 120 2388 -
_ F. Muscidae - - - 003 | - - - - - - - : - -
0. Ephemeroptera
F. Bactidao - 0.12 - - - - - - - - - - - - - -
F: Ephemeridae
Hexagenia - 0.03 0.20 0.20 - - - - - - - - - - - 0.80
Hexagenla limbata - - - - 0.03 - L. - B - - - - - - -
F. Caenidae . § -
Ceenis sp. - 0.15 020 - 0.03 - 0.03 - - B - 020 - 360 357 -
i X 0. Trichoptera ) : .
F. Brachycentridae
By - - - - - - - - 0.20 - - - - o -
Brachycentrus lateralis - - - - - - 0.03 012 .03 - - - 0.0t - 027 -
. F. Dipseudopsidae . 5
F. Hydropsychidae : - 012 0.02
Cheumatopsyche sp. . - 0.03 - - 0.12 - - 0.03 - - - - - - - .
Hydropsyche athedra : - - E - 484 . - 0.92 0.08 - - - - - 0.00 -
Hydropsyche sp. ) - 030 - 1.00 - - - - . - 0.40 R B N =
F. Hydroptilidae . 0.03 0.01 085
Hydroptila . - - - - 0.8 - . 0.06 - - S - - - -
Ochrotrichia sp. - - - - - - - - - - 0.20 - - - -
F. Leptoceridae . . ) 0.40 0.06
Nectopsyche sp. - - - - 0.03 - - - - - - - - - -
om“"" > 5P _ N - N . o . - _ . - . - 120 0.03 -
Tridenodes - - - - - - - - - ) - - - - 020 - -
- . F: Polycentropodidae i . i
Neureclipsis - - - - 0.62 - - - - - - - . - - -
Polycentropus - 0.03 - - - - - - . - - - - .- - -
O.. Lepidoptera
F. Pyrafidao : : )
Acenfriasp. - - - - - 067 - - - 0.60 0.40 - 003 | 020 0.18 -
0. Odonata : . . .
F. Coenagrionidae - - - - - I - - - - - - - - 0.03 -
P.Yardigrada - . . ’ ’ : : :
F.. Milnesiidae - 0.24 - - . 008 - - - - - - - - - - -
P. Mollusca
Bivalvia
F. Cuspidariidae .
Cardiomyla pectinata N - - - - - 0.12 . 0.00 - - - . - - -
. F, Dreissenidae . 0.59 - - . '
Dreissena polymorpha 0.03 - . - 065 - . 0.15 0.08 1.00 - - - - - -
Mulinia lateralls B - - - - - 003 0.12 0.03 - - - 0.03 . B 027 - -
F. Sphaeridae . . . .
Sphaerium sriatioum - - - : : - - oss . - - - : - -
Pisidium compressum - - - - - - - - - - - - 0.02 - - -
Pisidium faflax - - - - - - 0.05 - 0.03 - - - - - - -
Pisidium henslowanum - - - . - - - - - - . < - 60 - 1.00.
F. Unionidae . - -
Lampsilis fasciola - . - - . - - - - 0.03 - ., . - - - -
Cl. Gastropoda )
F. Ancylidae . : S
Ferrissia sp. - 0.03 - - - . - 0.09 . - - - 0.01 020 - -
Fefrissia rivularis - - - - 0.27 L. - - - - - - 0.01 - 0.09 C s
F. Lymnaeidae . ) . . o
Pseudosuccinea columella - - - - - - - - - - - - - 020 - -
F. Hydrobitdae
Amnicota limosus - - - - - = - - - - 0.20 - 0.03 1.40 - -
Lyogyrus walkeri - - - 0.40 - - - - - - 13.60 4.80 - 0.05 - - -
Probythinella emarginata - - - - - - 0.09 0.15 - - - - - - - -
Pyrgulopsis lustrica - - - - 0.59 - 0.33 - - - - - - 940 0.09 -
F. Physidao . 0.03. ) . . N R
Physella sp. - - - - - - - - - 0.80 1.40 - -
F. Planorbidae .
Gyraulus cifcumstriatus - - . - . . .- - - - 020 - - - - -
Helisoma anceps - 0.03- 0.40 - - - - - - 240 3.00 - - 020 0.08 -
Micromenstus ditatatus - - 0.20 - - - - . . - . - . . 2 -
F. Pleuroceridae . - .
Elimia fivescens - - - - - - 0.09 0.09 - - - - - - - -
Pleurocera acuta - - - - 0.09 - - 056 0.12 - - - - - - - -
F. Vajvatidan
Valvata lewsi - - . . . . . ] . . i . )
. Valveta pigcinalis - - R X - - - 0.08 - © 200 0.40 - 0.03 - = -
Valvata sincera - - - - - - - - - - 280 - - o - -
'P. Cnlderia
F. Hydridae .
dra P . -~ 0.03 - - 0.15 - - .= - - - - - - - -
Total Number of Taxa . 31 68 26 34 65 - 15 59 55 22 28 38 21 45 50 §3 18
Total Abundance per 33 c:m" B . 31 233 57 129 128 198 18 38 232 186 200 121 42 339 56 149
l Total Abundance per 1 m 9316___.70380 _ 17250 38902 38620 [ 59771 5556 11418 69844 56092 60314 36369 12587 102111 16921 44873




APPENDIXF. - Benthic Invertebrate Community Assessment

4 >_ ] »' N -
4 2 0 2 - 4
Axis 1 |

Figure F1.  Ordination of subset of St. Ci_air River-sites pfedicted to Reference Group 3
summarized on Axes 1 and 3 with 90%, 99%, and 99.9% probability ellipses around reference :
sites (not shown). S_igniﬁcant (p <0.05) environmental variables and families» are shown. |
Correlations of the most significant taxa and environmental variables are shown with arroWs.

Stress = 0.15.
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Figure F2. Ordination of s_ubsét of St. Clair River sites predfcted to reference Group 3
summarized on Axes 1 and 3 with 90%, 99%, and 9979% probability ellipses around reference
sites (not shown).‘ Significant (p < 0.05) environmental variables and families are shown.
Correlations of the most significént taxa and environmental variables are shown with arrows.
Stress = 0.16.
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~ Figure F3. N | Ordination of

subset of St. Clair River sites
prédicted to reference Group 3 |
with 90%, 99%, and 99.9%

" probability ellipses around

reference sites (not shown). Two' |
views of the same scores are
shown. Significant (p < 0.05)
eﬁvirOnméntal variables and
families are shown. Correlations
of the most 'signiﬁc‘ant taxa and
environmental variables are showﬁ

with arrows. Stress = 0.15.
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S%ha'eriidae

Figure F4.  Ordination of site (6651) predicted to Reference Group 1 summarized on Axes 1

and 3 with 90%, 99%, and 99.9% probability ellipses around refererice sites (not shown).

’ Significant (p < 0.05) families and environmental variables are shown. Correlations of the most

significant taxa and environmental variables are shown with arrows. Stress = 0.11.
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L 00 o Hydrebiidae
o ' » 66 o N ‘4.66991
05 e | o7 InBitfiaae
‘Chironorfiidae it ®
-1.0 g651| St 6648
1.5 — | | . | |

45 10 -05 00 05 1.0
| Axis 2 =

15

" Figure F5.  Hybrid multidimensional scaling of St. Clair River sites summatized on Axes 2 '

and 3. Stress level = 0.12. Site scores are indicated with green and red solid circles, taxon scores

with blue solid circles, and env1ronmenta1 attributes w1th yellow solid citcles. The most highly

correlated significant families, Tubificidae (r*=0.87) and Chironomidae (*=0.64), are shown as _‘

vectors. Only 51gmﬁcant1y correlated efivironmental varlables are shown.
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APPENDIX G. Sediment Toxicity Assessment

4 2 0
- Axis 1

Figure G1. Ordination of subset éf test sites us’ing 10 toxicity test endpoints sumimarized on

Axes 1 and 2, showing 90%, 99%, and 99.9% probability ellipses around reference sites (not

- shown).. [Chironomus survival (Crsu) and growth (Crgw), Hexagenia suryival (Hlsu) and

growth (Hlgw), Hyalella survival (Hasu) and growth (Hagw), Tubifex survival (Ttsu), cocoon
production (Ttcc), percent cocoon hatch (Ttht) and young production (Ttyg)]. Stress level =

0.089. Scores for correlated environmental variables are also plotted.
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Figure G2.  Ordination of subset of test sites using 10 toxicity test endpoints summarized on
Axes 2 and 3 (top) and Axes 1 and 2 (bottom), showing 90%, 99%, and 99.9% probability
ellipses around reference sites (not shown). [Chironomus survival (Crsu) and growth (Crgw),

~ Hexagenia survival (Hlsu) and growth (Higw), Hyalella survival (Hasu) and growth (Hagw),

" Tubifex survival (Ttsu), cocoon production (Ttcc), percent cocoon hatch (Ttht) and young
production (Ttyg)]. Stress level =0.089 [top], 0.087 [bottom].
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APPENDIX H.

Table H1. Coefficients of variation for field-replicated samples.

Quality Assurance/Quality Cohtr‘ol

Coefficient of Variation _

Parameter 6668 6669
Alkalinity 1.2 0.1
AlLO; 184 | 19
Ca0 5.7 . 45
Clay - _ -
Co 63 0
Cr 13.3 12.8
Cu - 3.0 5.9
Fe 3.0 _ 37
Gravel e 4 74.6 608
THg sediment (Caduceon) |  12.1 - 9.3
THg sediment (Flett) - 145
MeHg sediment (Flett) - 54.1
1KO ' 52 2.7

LOlI 6.0 2.5

| Mg 4.6 21
Mn 120 4.1
Na 3.1 56
Ni 6.4 91
NO3/NQ, - 2.6 2.0
P205 . 63 444
Po 12.8 8.5

.| Sand. C 5.0 23 -

| siit 9.0 _ 52

Si0, - 4.7 1.2
TiO, 115 2.3
‘TKN water 6.7 322
TKN sediment 7.5 145

474

TOC 112
TP water 12.1 54
TP sediment 0.8 12.1 -
vV 45 53
Zn " 14.0 10.8
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Table H2. Flett laboratory QA/QC results for sediment mercury analyses.
TOTAL HG SEDIMENT
Standards Hg STD made Dec 2/04 Recovery (%_)_I
' : N Hg STD 1 (0.02.ng/L) __ 105.6
"[Hg STD 2 (0.1 ng/L) 97.1
Hg STD 3 (0.25 ng/L) 97.0
Ha STD 4 (0.5 ng/L) 08.6
Hg STD 5 (1.0 ng/L)’ 100.8]
. Net Total Hg conc. | Nt TO1IHB | 1 pocovery
o N " (nglg wet wt) conc. (ng/g dry %)
Sample Spike Recovery SAMPLE Sample Type wt.) L
] ) 6660 1232 .
6669 Spike.____ 1515, 93.7|
6662 101 —
_. |6662. Spike —a21] 910
- |66M269 ,_ —873.6] _ 1378.0
"[66M269 Spike 48374 7630.0 99.1
B6M269 . _ —_ Spike 3949.8 6229.9 86.1]
Relative Percent Difference 66M269 _ —_ 89 — | -
, 66101 . - - "3754] 520.1
§ 66101 . . _ - Spike 5287.2 7326.0 “110.0
86101 . Spike 4882.4 6765.1] 105.9
- —_|Relative Percent Difference 66101 - 3.2 _
Mean of Spike Recoverles - -97.6
. NetTotal B9 | \os 1otal Hg conc. | Hg Recovery
~ - conc. (9fawet | (ngig diy wt) o)
QC.Samples _|Standard. wt.)
Mess - 2 (92 ng/g . 80.6
Mess - 2 (92 ng/g § 86.9) 96.5|
Mess - 2 (92 ng/g - — 1. _I
Mess - 2 (92 ng/g - _ 84 . 90.5
Mess-.2.(92.n 86.6| ~ 54,1
Mess - 2.(92 ng/g §6.8| 94.4
— Mess - 2 (92 ng/g) Mean = 86.7 —93.9
T OPR (solids)-1 (1 ng/mL) 1.04 "104.3
OPR (solids)-1 (1 ng/mL) 1.02] 102.4
S OPR (solids)-1 (1 ng/mL) Mean 103 1034
METHYL HG SEDIMENT . .
| NetCH;Mgashg | NetCtuHaes| g,
’ (ng/g) Wot We. Hg (ng/g) Dry Recovery (%)
Sample Spike Recovery  |SAMPLE Sample Type q w
16699 759 T
6689 —___ Spike. 8.69 — 1031
5698 - 0.31
6698 __ Spike 1.24 ~ ~ 84.8
6648 i __oog] -
6648 - - Spike ~2.29 , 101.0
— |666900 Spike . 22.21 — 22.29 98.0
—|666900 Spike 10.68] _ __ 19.74] .. 894
666900 - 3.19 3.20]
66M264 —__Spike_ 18.94]. 19.00 83.4
66M264 Spike 15,13 15.18 80.0
N 66M264 j 4.00 4.01] -
Mean of Recoveries 9.
Net CHyHg as Hg| Not CH,Hg as Hg | Net CH3Hg as CH Hg
{ng/g) Wet Wt. (ng/g) Dry Wt. Hg (nglL) | Recovery (%)
. Standard ,
QC Samples AEA405 (5492 0.53ng/g) 3.1 g.sg - _ gg.
AEA 405 (5.49+ 0.53ng/g) 5.29 , 4 08,
Mean of IAEA 405 ___ %75] 4.85 88.1
DORM Il (4470 +- 320ng/g)_ S
= Alpha (200 ng/L) i R 186.0] i 93.0
AEA 405 (5.49+ 0.53 na/q) 4.68 4.78] 87.1
JAEA 405 _(5 48+ 0.53.ng/q) 437 _ 446 . 81.3
_ |Mean of IAEA405 4.53| 4.62 84.2
o —_ |Alpha (200 ng/t) | 154.9 77.5
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Table H3.

TOTAL HG BIOTA

[Standards

- |Ha STD.3(0.25ngA )
|HaSTD4(05ng/lL) -

Hg STD 1(0.02 ng/L)

Hg STD made Dec 2704 | R

Hq STD 2 (0.1 ngil)

Hq STD 4 (0.5 ng/l)

Ha STD 3(025ngiy |

H DS5(1.0ngl)

Ha STD Mean :
Hg STD made Dec 2/04 _
Hg STD 1 (0.02 ng/l)

Ha STD2(0.1ng) | ..

[Ha STD 3 (0.25nal)

Hg STD 4 (0.5 ndi.)

Ho STD5(1.0ng) .
[Ha STD Mean ... |

Hg STD 1(0.02 ng/) .

Hg STD made Dec 2108, |

Hg STD 2 (0.1.ng/).

Hg STO5 (10 ng/l)

Ha STDMean.. .
Hg STD made Jan 3/05
Ha STD 1 (002 ng/l)

Hg STD 2(0.1 ngil)
Hg STD 3 (0.25ng/l)

Hg STD:-4(0.5 ng/L)

Ha STDE(1.0nal)

QC Samples

~ Standard

Nat Total Hg.
canc. (nglg)
{Drv Wit

Hg Recovery
(%)

DORML 2 (4640 rigig)

4578

DORM- 2 (4640 rig/q)

4529

4640 hg/a)

45771

340 ng/q)

4528

16
4640 ng/q)

4564

(4640 ngl/g)

4465
44873

RM- 2 (4640 ng/)
RM: 2 (4640 gl

4467.2

R (solids)-1 (1 ng/mL)

0.96]

R (Solids)-1 (1 na/mL) _

.0.93

" |DORM- 2 (4640 ng/q)

DORM- 2 (4640 n

- 45075

DORM- 2 (4640 ng/q)

45704

0.97]

QPR (solids)-2 (1 ng/mL)
OPR (solids)-2 (1 ng/mL)

0.96]

45271

ORM- 2 (4640 ng/q)

4517.0]

PR (solids)1 (1 ng/mL)

.98

ool

PR (solids)-1 (1 ng/mL)

0
0.97]

ORM- 2 (4640 n,

540.8]

:

ORM: 2 0 ng/q)

7.
7.
8:
7.
7.
7.

ololwolw

4544.5
0

8

ololo

PR (solids)-2 (1 ng/mL)
P|

o]
Ly
(3]

R (solids)-2 (1 ng/mL)

ufgspl T :’I
_97.4

QC Samples

" Standard

ot Total Hg
conc. (nglg)
[etWt)

Hg Recovery
(%)

DFO 296 (449 ng/a)

470

[=]
&)

DEQ 296 (449 ng/q)

469

DFO 286 (449 ng/g)

470

FO 296 (449.n¢

469

FO 296 (449 1ig/q)

463

472

(=]
olojalolol

FO 296 (449.ng/q). _
FO 297 (205.ng/q) . =

25|

olRIBIRIGIE

-

15

05.0)

25

10.0

Dl
Di
D
D!
D
Dl
OF

4

05.0

o lrainala
&

1094

103.0

~ 1057

Flett laboratory QA/QC résults for biota total mercury analysis.

Sample Spike Recovery

Net Total Hg
cone. (nglg’)
)

Hg Recovéry
(%)

131

20962,

100.5

204

15891

99.8

100.2
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Table H4.

Flett laboratory QA/QC results for biota methyl mercury analysis.

METHYL HG BIOTA o
QC Samples o Standard Not CH;Hp "|Hg Recovery (%
: IDORM- 2 (4.47 ug/d) 4179 i
DORM- 2 (4.47 ug/a) _ 3977 91.2
~ |[DORM- 2 (4.47 ug/g) - " .3988 o
[DORM- 2 (4.47 ug/g) 3910 — 88.3
DORM- 2 (4.47 ug/q). 4113
DORM- 2 (4.47 ug/q) 4233 934
DORM- 2 (4.47 ug/g) 4309 T
[DORM- 2 (4.47 ug/q) - 4559 , 99.2
|DORM- 2.(4.47 ug/g) T .T3898| _
|IDORM- 2:(4.47 ug/g) 4291 T 91.6]
DORM- 2 (4.47 uglg) 3785 *
DORM- 2 (4.47 ug/q) 4074 879"
DORM- 2 (4.47 ug/q) - 4078] T T 912
DORM- 2 (4.47 ug/d) . ) . 3786 ) 84.7
DORM-2(447ug/g) = _.3952| - 88.4
DORM- 2 (4.47 ug/qg) j 3562] 797
DORM- 2 (4.47 ug/g) . -3450] ) 77.2
Alpha (200 ng/L) - 158.7] 79.4
Alpha (200 ng/L) - 181.0 © 0 90.6] .
ﬂphé’ (200 ng/L) . - 197.2 98.6
Mean } - ' 88.7
_ , Net CH,Hg conc. CHyHg
Sample Spike Recovery  |SAMPLE " |samPLE TyPE .| (n9/g) (Dry W) [ Recovery (%) |
' 6668 - oligochaete - - . 7
-16668 - oligochaete: Spike © 739 _88.4
6667 - chironomid j ) o 42 |
6667 - chironomid Spike . 761 .99.4
6662 - chironomid - - o ... 9 i .
6662 - chironomid Spike 801] "107.4
6651 - Oligochaete ) - 1 L
6651 - Oligochaete “|Spike .. . 781 103.1
6667 - chironomid 55 -
6667 - chironomid Spike 793] 102.1
6669 - Oligochaete . .. |Spike - 224 © 1078
6669 - Oligochaete _|Spike: 217 94.9
6669 - Oligochaete - .20
6667 - oligochaete |Spike 346} 97.3
6667 - oligochaete Spike 328 - 97.0
6667 - oligochaete - L 38 S
66M272 - oligochaete Spike 407 90|
66M272 --oligochaete Spike 602 87.8
66M272 - oligochaete - _ 11
Mean T 98.2
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Table HS. Laboratory QA/QC data from Caduceon E‘nvironmentaleaboratory (2001 data).

[ | i ! I I f f f { [ l
) Certified Reference Materials
Laboratory Duplicate (Site 1325). VYHSS-1 . STSD3 i $02 . STSD-1
Analyte |Units _|Det Limit Conen 1 Concn 2 CV|measured irafe y |measured reference ¥ |measured. irefe y |measured |reference recovery
K pet 005 0.25 0.23 - 0.059 - - i
Li ugfq 1 20 .18 0:050 : 19 23 0.8926
Mg ct 0.01 0.84 . 088 0.047 ' v ‘
Mn ug/g 1 641 614 0.030 2340 2630 0.890 3480 3740 0:930
Mo ug/g 1 [ <1y, : 6 - 7 0:857 2 2 1.000

: Na pet 0.01 0.04 0.04 0.000 )

! Nb Bo/g 5 <5 <5 . ,

' Ni ugly 1. 42 39 0.045 ) - 28 : p.:] 1.120 ) ' 23 18 1.278
Pb pa/e 1 B 34 0.021: - 42 39 1.077 k74 K} 1.088
Sb Ho/g 5 <5 <5 i . .

Sn Hg/g 20 <20 <20 . .
Sr uglg 1 43 41 0.029 . . : -
T ug/g 1 1107 950 0.108 ' ! ) ) : ) i}
\4 Ho/g % 45 4 0071, : 50 61 0:820 ] 35| - 47 .0:745
w Hg/g 20 <20 <20 § : ' | : :
Y vy 1 2 19 0:033 ‘ . : . .
Zn po/g 1 137 133 0.021, : 175 192] . o9n . . 145 165 0.879
Al203 pct 0.01 12:89 129 0.001 12.2 121 1.008 - 14.51 15.1 0:961
Ba0 pct 0.001 0.071 0.071 0:005 0:288 0.28 0:993] - : 0.101 - 0 0:910
Ca0 pct 0.01 277 282 0.013 591 539 -1.002 272 ki 0.982
Cr203 _ [pct 0.01 0.01 0.01 0:079 0.04 0:04 1,000 : ~|<0.01 .1<0.01
Fe203 |pct 0.01 5.76 572 0:005 897 69 1.010 7.76 . 7.89 0.984
K20 pct 0:01 2.90 3 0.024 225 2.21 1.018 : ) 306 294 1.041:
IM§O pct 0:01 223 224 0.002 356! - 35 1.000 0:87 0.89 0.978
MnO pet 0.01 0.10 0.1: 0.006 0.03 0.09 1.000 . 0.09 0.07 1.286
Na20 pet 0.0t 1.76 1.61. 0.059|. 1.25 - 134 0:933 241 2.48 0:972
P205 pct 0.03 0.42 039 0.052 . 02 0:18 1.053 - 0.66 0.69 0:957
Si02 pct 0.01i 55.43 55.38 0.001 60.95 60.5 1.008 . : 54 63.42 1.011
Ti02 pet 0.01 0.73 0.73 0.003| . 0:9 - 09 1.000 ) 1.31¢ 1.43 © 0916
Lio pct 0.05 13.34 13.47]  0.007[ 4.75 5 0.950 i )

mean CV 0.031 mean recovery 0.998 mean recovery 0.929 mtlaan recovery 1.000 . ml‘san Y 0.987

: 4 [ ) .
A . . | f
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Table H6. Laboratory QA/QC data from Caduceon Environmental Laboratory (2004 data).
66691 Duplicate Lab QA/QC
Remauve
Percent Blank .
- 8dmple.ID: | Difference| (water) |%Recovery]
I ) Reference] Date
Parameter Units M.D.L. Method | Analyzed
Total Organic
Carbon- - | % bywt 01 LECO |29/MNovio4| 64 “N/A 102
Total Kjeldahi] - i - :
Nitrogen wo/g . 10 EPA 351.2| 20/Novi04| 44 <0.05_ 101
Phosphorus- T T T
Total” udlg. 3 EPA 365.4| 20/Novi04 52 <0.01 99
JAlGminUm ug/g 300 EPA 6010 | 30/Nov/04 46 <0.01 89
[Antimony Hg/g 0.1 SM 3114 | 30/Nov/04 88 <0.001 99
Arsenic ug/g 1 ‘SM3114 | 30/Nov/04 73. | <0.001 97
IBaril_jm B - palg’ 1 EPA 6010 | 30/Nov/04 23 <0.001 96
Beryllium Ho/g 0.2 EPA 6010 | 30/Nov/04 38.5 <0.002 104
|Bismuth _uglg 5 EPA 6010 30/Nov/io4| N/A <0.02 N/A
Cadmium’ Ha/g. 0.5 EPA 6010 | 30/Nov/04 19 <0.005 97
Calcium \ia/g 100 | EPA 6010 [ 30/Nov/04 15 <0.02- 85
Chromium ug/g 1 EPA 6010 | 30/Nov/04 1.7 | <0002 98
Cobalt ug/g 1 EPA 6010 30/Nov/04] 3 < 0.005 92 -
Copper . alg. 1. "EPA 6010 | 30/Nov/04 15 <0.002 93
|iron Hg/g 300 EPA 6010 | 30/Nov/04 3.9 '<0.005 90
|Lead . ho/g 5 EPA 6010 | 30/NoviD4 19 <002 .98 .
|[magnesium- ug/s 100 | EPA 6010 | 30/Nov/04 1.4 <0.01 95
|Manganese | ~ fig/a 1 EPA 6010 | 30/Nov/04] 45 <0.001 96
|Mercuy | wgfo 0.005 | SM3112.|29/Novi0a| 4.2 | <0.00006 91
|Molybdenum | pg/o K] EPA 6010 | 30/Novi04 |- 22.5 <0.01 120
Nickel ug/g K EPA 6010 | 30/Nov/04] 104 <0.01 95
Potassiim Ho/g 300, | EPA 6010 | 30/Nov/04 2.9 <01 94
Selenium . Ho/g 0.1 SM 3114 [ 30/Novi04| . 2.1 <0.001 98
Isn_ver ug/g 0.1 EPA 6010 | 30/Nov/i04|  N/A <0.005 104
Sodium Ha/g 200 EPA 6010 | 30/Nov/04 4.0 <02 -
Strontium lig/g . T | EPA 6010 | 30/Nov/i04| = 3.5 < 0.001 76
Thallium walg 0.02 EPA 6020 | 30/Nov/04 0.0 < 0.0002 97
[Tin Ha/g 10 EPA 6010 | 30/Nov/04 0.0 <005 | NA
“[Titanium ug/g. 1 'EPA 6010 | 30/Nov/04 89 | <0.005 88
Tungsten_ g/ 20 EPA 6010 |-30/Nov/04 14.1 <0.005 N/A
Vanadium -Hglg - 1 EPAB010[30/Novio4] ~ 22 | <0.005 91
Yttrium ug/g 0.5 EPA 6010 | 30/Nov/04 2:3 <0.005 94
Zine . . .Hg/g 1 EPA 6010 | 30/Nov/04 1.7 <0.005 103
[Aluminum B T ) .
(AI203) % 0.01 IN-HOUSE| 1/Dec/04 15 <0.05 98
arilum” B j
(BaO) % 0.001 IN-HQUSE| 1/Dec/04 0.0 '<0.05 100
Calclum - - } c
(CaQ) % 0.01 IN-HOUSE] 1/Dec/04 3.0 <0.05 98
Chromium T j
(Cr203) % 001 |IN-HOUSE| 1/Dec/04 54,6 <0.05 102
% 0.05 [IN-HOUSE| 1/Dec/04 3.8 <0.05 28
% 0.01 IN-HOUSE]| 1/Dec/04 6:3 <0.05 96
(MnQ) % 0.01 IN-HOUSE| 1/Dec/04 22.2 <005 | 99
hosphorus ] ]
(P205) . % 0.03 |IN-HOUSE] 1/Dec/04 0.0 <0.05 920
Potasium )
(K20) % 0.01  |IN-HOUSE| 1/Dec/04 0.0 <005 97
Silica (Si02) % 0.01 |JIN-HOUSE] 1/Dec/04 1.8 <005 | - 101
odium )
(NaQ) % 0.01 IN-HOUSE| 1/Dec/04 11 <0.05 .95
itanium i o
(Ti02) | % 0.01 IN-HOUSE]| 1/Dec/04. 3.8 <0.05 93
[Whole Rock B
Total % IN-HOUSE]| 1/Dec/04 N/A N/A N/A
oSS on ]
|ignition % 0.05 {IN-HOUSE| 1/Dec/04 6.2 NA | 96
N/A = Not Available/Applicable ) )
mean 8.0 95.6
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recommended by McArdle (1988) afid Diaper and

~ corresponding to the X value; and the point on the line

Inter-Laboratory Comparison of Analyses of Total Hg in Sediment from the St. Clair River

Analyses for concentrations of total mercury (THg) in sediment were performed by two laboratories: Flett research
Ltd., which was selected to measure THg and methyl mercury in sediment and biological samples, and Caduceon
Environmental Laboratory, which conducted THg analyses on all sites. Each lab received a sediment subsample
from the same homogenized safple collected at each site. Those submitted to Flett were sent frozen, and those
submitted to Caduceon were first freeze-dried. The figure below shows how the site measurements compare

graphically.

Overill agreément betWeen labs for the determinations
of THg in sedimerit is indicated by the slope of a
regression involving the two variables. As

4.0

354"

sum of the squares of the deviations of observed ¥ -
values from the regression line, as in the OLS method,
the GM method minimizes the sum of the areas of the
triangles formed by the data point, the point on the line.

i
Smith (1998), the regression was estimated by the ‘ § 8: °
geometric mean (GM, aka reduced major axis) method & 104 ° °
instead of the ordinary least squares (OLS) method. é °
The OLS method assumes negligible error in the X - "B 25 o
variable, and can result in biased slope estimates when 4 o
applied to data in which both X and ¥ variables are B 264 :
subject to errors of the same magnitude, a situation b ° °
which clearly applies here. Rather than minimizing the é 154 « °

o

8

1 2 3
" log [Total Hg] in sediment (Flett) .

corresponding to the ¥ value. Geometric Mean slope, bgy, was estimated by

bgm=s, / Sy (Legendre and Legendre 1998)

where s, = standard deviation of ¥ e'vglugs, and s, = standard deviation of X - values. The bgy esf_imate is also the
geometric mean of the OLS slope of ¥ on X and the reciprocal of the slope of X on Y. (Note that when the purpose of
the analysis is not to estimate functional parameters such as the slope, but only to predict values of Y for given X’s,
OLS regression is suitable (Legendre and Legendre 1998). For this reason, the GM method was not used for the

invertebrate Hg - sediment Hg regressions.)

~ Geometric mean regresSion slope for log[.THg].gad.,c vs log[THg]pers:

‘Standard deviation of log[THg]cag,. =0.689418 = Sy

Standard deviation of log] THg]sen = 0.903535 = s
boa = s, / s, = 0.689418 /0.903535 = 0.763

OLS regression of Y vs X: log[ THg Jcague = 1.1024 + 0.6728 log[ THgp1en
OLS regression of X vs ¥: log[THg]gier: = -0.6673 + 1.1556 log[THg]caguc

For the regression, P<0.001 and r* = 77.8%.

As a check, using the alternate slope estimation thethod: bev = (0.689418 x [1/ 1.1556])* = 0.763

The overall agreement in measurements of THg in sediment is reasonable because the slope estimate is fairly close
to 1. This suggests that either (a) the analyses of the labs are accurate or (b) analyses are biased in identical ways.
The unexplained 22.2% of the variation of the regression should be attributed to laboratory measurerent error.
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