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ABSTRACT 

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

b 

Intern_ational 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) methodology. 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 through 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 concentrations 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 analyzed 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 

concentrattions in sediment and invertebrates were compared to concentrations in upstream 

reference sites. Relationships betweenpmercury in each invertebrate taxon and mercury in 

sediment were evaluated by regression analysis. Phy'sico—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 
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predicted by multiplying 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 the 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 
different than reference, with enrichment (increased abundances of Chironomidae and 

- Tubificidae) and a greater diversity of taxa observed at the majority sites, including upstream 
sites. Some St. Clair River sites were not well matched to any reference site groups based on 
habitat attributes; therefore, results for these sites should be interpreted with caution. 

Resident benthic invertebrates from the majority of sites (79 to 89%) had total mercury levels - 

above the maximum upstreamsite 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, respect_ively 
(analysed without allowing gut clearance). Other sediment and overlying covariables (i.e., 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 considered 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 bioaccumulate 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 the Canada/Ontario Agreement respecting the Great Lakes Basin 
Ecosystem, was applied to the St. Clair River study. The overall assessment of each site was 
achieved by integrating the infonnation obtained from both within and among the lines of‘ 
evidence. The need to fully assess the risk of mercury biomagnification was indicatedifor 16 
sites.



‘ RESUME 

Ce rapport décrit la qualité des sediments dans la riviére Sainte-Claire, dé_signjée comme secteur
S 

préoccupant a cause de probl“e'mes de qualité des habitats, de l’eau et des sediments. Dans le cadre 

du plan d’action sur les Grands Lacs 2020, on a appliqué le logiciel d’éva1ua_t_ion_ benthique des 

sédiments (BEAST) A 26 sites au total le long de la riviére, qui ont été échantillonnés en 2001 et en 

2004. La technologie BEAST consiste a évaluer la qualité des sediments en se servant des 
'
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techniques devl’analyse multivariable au moyen de données sur les communautés benthiques, les 

reactions fonctionnelles des organismcs de. laboratoire aux analyses de toxicité et les propriétés 

physicochimiquesdes sédirnents et de l’eau qui les surplombe. Les données des sites expérimejntaux 

sont ensuite comparées aux critéres biologiques concus pour les Grands Lacs de la région 

laurentienne. En outre, on a mesuré le mercure dans les tissus d’invertébrés benthiques qui habitent 

re riviére afin d’en déterrniner la biodisponibilité. A 1’aide de modeles de transfert trophique de 
dépistage, ces données ont servi a évaluer les éventuels risques pour les especes réceptrices dc . 

niveau trophique supérieur a cause d’une bioarnplification. 

Les concentrations de mercure total dans les sédirnents de surface (couche s_up_érieure de -10 cm) 
0 

variaient de 0,01 49 Aug/g en _poids sec tandis que les dc méthylmercureroscillaient 

entre 0,5 et 296 ngl g; la contamination la plus forte a été observée juste a cété dusecteur industriel. 

Les concentrations de mercure total et de méthylmercure dans les sédiments dans vpratiquement tous 

les sites étaient supérieures aux concentrations observées dans les sites en amont de la zone _

V 

industrielle. I1 n’y avait pas de preuve com‘/aincante de toxicité. Les communautés benthiques
I 

(échantillonnées seulement en 2001) étaient essentiellement différentes des comrnunautés de 

référence des: Grands Lacs, en vertu d’un enrichissement (abondance accrue des chironomidés et des 

tubificidés) ct d’une plus grande diversite’ des taxons observés dans la majorité des sites, notamment 

les sites en amont.eToutefois, les sites de la riviére Sainteaclaire étaient mal jumelés avec les‘ 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 supérieures aux concentrations maximales des sites en amont; pour 

ce qui est du méthylmercure, ce pourcentage était légérement supérieur (84 % A 95 %). La 
concentration de mercure total et de méthylmercure dans les sediments avait une forte valeur de 

,
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prédiction respectivement de la concentration de mercure total et des méthylmercure dans les 
invertébrés (analysefs sans tenir compte dc l’évac'uation du tube digestit). Si I’on présume des taux 
d’exposition et d’absorption moyens du mercure, les résu_ltats du modéle de transfert trophique en ce 
qui conceme le doré jaune récepteur indiquent que jusqu’a 16 sites peuvent étre jugés préoccupants 
étant donné que les concentrations prévues de méthylmcrcure dans les tissus du doré ja'u'ne 
dépassaient les recommandations canadiennes pour” les résidus dans des tissus (92 ng/g p.h.) et la 
concentration maximale prévue dans les sites deréférence en amont. Ainsi, les predictions de 
dépistage des concentrations de méthylmercure dans les poissons récepteurs incitent a penser qu’il 

ex_i_st_e plusieufs sites dans la riviere ou le mercure peut se bioaccumuler dans les récepteurs £1 des 
concentrations qui ne les protegent pas contre ses effets délétéres. 

Un cadre décisionnel fondé sur les risques pour la gestion des sédiments contaminés, récemment 
concu dans le cadre de l’accord Canada-Ontario sur l’écosystéme du bassin des Grands lacs, a été 
appliqué a l’étudc de la riviére Sainte-Claire». On a procédé a l’évaluation globale de chaque site en 
intégrant les données recueillies dans et entre les sources de données. L’étude a révélé qu’il était 
nécessairc d’évaluer intégralement le risque de bioarnplification du mercure au sujet de 16 sites.

iv
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1, INTRODUCTION 

1.1 Background and Mandate
P 

In the 1970’s, the International Joint Commission (IJC) identified 42 “problem areas” where 
aquatic environments were con_sidered to be severely degraded. Of these, 17 were along. 
Canadian lakeshores or in rivers shared by Canada and the U.S. In 1985, the TJC Great Lakes 
Water Quality Board recommended a Remedial Action Plan (RAP) be developed and

B 

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 physical, chemical or biological conditions in the area, are defined in 
Annex 2 of the GLWQA,

' 

The Canadian govemment’s commitment to the GLWQA was renewed in 2000 with the Great 
Lakes Basin _2020 Action Plan, under which the efforts of. eight federal departments to “restore, 
conserve, and protect the Great Lakes basin” over the next -five years were coordinated-. 
Environment Canada’s contribution includedthe 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 description 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 concentrations of contaminants alone are not indications of ecological 
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 biological



effect either on the biota resident i_n 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 ‘a1. 2000): 
I 0 

Sediment chemistry and grain size — Quantifies the degree to which sediments are"- 

contaminated. Indicates exposure (or at least potential exposure) of'orga_nisms' to contaminants 

(with consideration of exposure pathways). Provides information on physicochemical attributes 

of the sediment to assist in the interpretation any obser'vedb’iologica1 effects. 

Benthic invertebrate community structure —- Usedto 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 exposures to V

' 

contaminants present, and represent important food web components. 

Sediment toxicity - Differences in resident invertebrate communities between contaminated and 1 

uncontaminated sites alone cannot- be conclusively attributed to toxic chemicals. Sediment - 

toxicity data provides supporting evidence that responses observed in the community are 

associated with sediment contaminants rather than other potential stressors. 

Invertebrate 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 biomagnification. 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 biphenyls (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, 2,000) 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 usingimultivariate techniques (Reynoldson et al. 1995,2000; Reynoldson and Day 1998). 
The approach utilizes data from nearshore reference sites that were sampledifrom the Laurentian 
Great Lakes over a three-year period. Inforrnation includes» benthic invertebrate community 
composition_(the type and number of macroinvertebrates present), selected habitat variables, and 
responses (survival, growth and reproduction) of fourbenthic invertebrates in sediment toxicity 
tests.’ The reference sites establish normal conditions for selected endpoints, and determine the 
range of ‘normal’ biological variability. Expected biological conditions at test sites are predicted 
by applyingirelationships developed betweenbiological and habitat conditions at reference sites. 
Expected conditions are compared to observed sediment toxicity and benthic community 
composition to determine 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 
1993; 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 Imple_menta_tio'n 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: ' 

0 Nutrients (nitrogen and phosphorus)



i 0 restrictions on dredging activities, and . 

0 Trace metals (arsenic,’mercury, cadmium, copper-, chromium, iron, lead, nickel, zinc, 

manganese) 
'

I 

9 Organic contaminants (oil and grease, PCBs, hexachlorobenzenes and polycyclic aromatic 

hydrocarbons). 
V

' 

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

RAP. Sediment has been associated as either the cause of impairment or as a source of the 

problem for‘ five:- 

. 
0 restriction on fi_sh_ consumption, 

' 0 animal deformities (chironomid mouth parts), 
0 degradation of benthos, 

o loss of fish and wildlife habitat. 

Improvements have been made in the St. Clair Riverover the last ten years due to remedial . 

efforts. However, elevated levels of sediment mercury and other trace metals, organics, 

ammonia and still remain-. The presence of pollution tolerant benthic species 

in the river is the result of urban andhistorical industrial pollution and euthrophication (-St. Clair 

River RAP/BPAC Team I995). Based on a 1990 Ontario Ministry of the Environment (MOE) 
study, three sediment impact areas have been prioritized (St. Clair River RAP/BPAC Team 

1995)., These priority areas were located in the upperreaches of the river and were characterized 
' 

by1:- 

- Severe effect level exceedences (SEL; Persaudet al. 1992)), degraded benthos and sediment 

toxicity (Priority 1), 
‘

I 

0 SEL exceedences and impaired benthos (Priority 2), and 
0 SEL exceedences (Priority 3). 

Within the Priority 1 area, 3 sediment impact zones were further identified (Study Zones 1, 2 and 

3). Recently, Thorbum et al. (2003) simpl_ifi__ed 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, now 
referred to as “Zone A”, and sites in Study Zonesi2 + 3, now referred‘ to as “Zone B”. These 

Zone A and Zone B designations are applied in the current study and are shown) in Figure 1.

I



‘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 further 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 property (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 l).— Stations were sampled for sediment and overlying water chemistry, benthic 
invertebrate community composition, sediment toxicity tests, and resident 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 typesof comparisons for assessing the d_istribution 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 compared 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 
’ Lup ose and objectives 
The purpose of biomagnifieation component of this study is to determine if Hg from sediments 
in the St. Clair Riverbioaccumulate 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 level__s 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 
biomagni_fication 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. Determining if benthic invertebrates in locations where Hg is elevated are a potential source 
ofmercury to hi'gher“t’rophic levels, 

B. Determining if the amount of Hg potentially available is of concern. 

The first objective was addressed by comparing concentrations of Hg in lbenthic invertebrates 
from test sites in the St. Clair‘ River to those from sites upstream 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 trophic‘ally‘linked' 

receptor species (i;e., consumers of b'en_thi_c invertebrates, and their predators) were predicted 

based on measured [Hg] in invertebrates and literature—derived biomagnification factors.¥(1"raas 

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 di_st_ributions and 
bioaccumulation in sediment and invertebrates were made on the basis of both total mercury 

(THg) and MeHg to allow comparisons with results from other studies and guidelines that 
involve THg.
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The biomagnification modelling was broken down into four steps: 
0 Identification of receptors of potential concern for the St. C-lair River AOC, 
o Measurement of contaminant concentrations in invertebrates and sediment, 
o Selection of biomagnification factors, and 
‘o « 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]_,e_d) and invertebrates ([Hg];,,,-,) are described in the methods section. The 

‘ 

identified receptors determined the biomagnification factors (BMF s) to use for predicting‘ ~. 

receptor mercury concentrations and the appropriate criteria (e».-g»., guidelines 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 upstream 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. Analyses of total and methyl mercury were performed on samples 
composited from organisms within each of two taxa (i.e., 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 incorporated into tissues, 
is potentially available 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., max-imum potential exposureto Hg) havebeen 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 fi_sh. 
- Fish are consumed only from the site in question. 

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

consideredlto be in equilibrium. 

Receptors of concern for the St. Clair River 

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

fauna re'sident.in the St. Clair River AOC RAP Team (1991, 1995) and guidelines from 
Environment Canada (2002), receptors representative of four trophic levels were selected for 

biomagnification modelling: 
\‘ 

_ V 

0 
C 

Benthic invertebrates (trophic level 1): chironomids and oligochaetes. Previous studies 

indicated impaired benthic communities in the upper reaches of the St. Clair River with the 

dominance of pollution tolerant species (F arara and Burt 1997). 

0 -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. 

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

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

river.
C 

0 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. 
' I

I 

0. 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 thr'ou_ghou't'the delta-

’ 

0 Piscivorous mammal (trophic levels 3 and 14): mink. Mink are associated with numerous 
aquatic habitats and are opportunistic feeders (Environment Canadal2002). The St. Clair 
delta provides habitat for the mink. 

As partrof the Sport Fish Contaminant ‘Monitoring Program, walleye, yellow perch and 
white sucker (as well as other fish species) 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 
river. Sport fish consumption restrictions for total mercury for the general population begin at 
levels above 610 ng/g and tbitalirestriction is advised for levels above 1840 ng/g ww (MOE 
2005). Contaminants are at levels that warrantconsumption advisories for a group of 
compounds that includes mercury for the sucker, perch and walleye (MOE 2005). In the upper 
river, there are restrictions 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 restrictions to 4 meals 

‘ per month for 50-55 cm white sucker and 4 meals per month foryellow perch 30-3-5 cm long. In 
the lowerriver, 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 eachother and benthic 
invertebrates and sediment is shown in Appendix A, Figure A1. 

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 (Figure 1). 
Two sites collected in 2001 were repeated in 2004. (Total number of sites = 26.) Ammonia was 
measured in 2004 only. Benthic invertebrate community samples were collected in 2001 only. 
Due primarily to substrate conditions, some samples were not 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 

methyl mercury and organic contaminants were not collected 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 Reynoldson et al, (1995, l998a) and outlined 

below. -Station positions are given in Tablexl andenvironmental variables measured at each site 

are provided in Table 2. 

Prior to sediment.collecti_on, temperature, conductivity, pH and dissolved oxygen were "measured 
in the water column" approximately 0._5 m above.» the bottom with HYDROLAB water ‘quality _ 

i'nstrurnents,. Water samples werecollected for analysis of alkalinity, total Kjeldahl ni~tr'ogen,. total 

phosphorus, nitrates/nitrites and ammonia from 0.5 m above the-.b;ottorn_ using a van Dom 
sampler. Total phosphorus samples (125 mL) werepreserved with 1 mL of 30% sulphuric acid. , 

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

A 40 cm x 40-cmmini-box corer or Ponar sampler was. used to obtain the benthic invertebrate 
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-'p.m mesh screen and the residue preserved with formalin for later 

identification. The remaining top 10 cm of sediment from each box core was removed, 
homogenized in a Pyrex. dishand allocated to containers ‘for chemical and physical analyses of 

thei.sediment;. At sites where the mini-box core could not be used because~of the high proportion 

of sand or sand/clay, which prevented the box core to "seal, a Ponar sampler was used to obtain 

the sediment and benthic c.ommu'nity sarnples. Three ponar grabs were collected for the benthic 

invertebrate community and one ponar grab was collected for chemical" and physical 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 werecollected per site for the laboratory toxicity tests (approximately 2 L 

sediment per replicate). Each of the five sediment grabs was placed in separate plastic. bag, 

sealed, and stored in a 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 
rema_ining sediment from the grab was placed in a 68-L tub. This process continued until the tub 
was approximately 3/: full (~10 to 15 grabs)/. Thesediment set aside was then homogenized in 
the glass tray and distributed to pre-cleaned polyethylene bottles for analysis of total and methyl 
mercury by Flett Research laboratory. Samples were frozen. 

Invertebrates were removed from the sediment in the 68-L tubs by wet siev-ing 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 wetzdry 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 were detergent washed between stations. If ‘persistent 

organic matter remained on the sieve after the detergent wash (on visual inspection), a more 
aggressivercleaning solution was implemented with caustic ethanol, Homogenizing and sorting 
trays and scoops were detergent washed and rinsed with 20% HCI. . 

3.2 Taxonomic Identification 
Benthic community samples were transferred 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 (Burlington, 
ON). Slide mounts were made for Oligochaetae and Chironomidae for identification using high 
power microscopy. 

3.3 Sediment Toxicity Tests 

Four sediment toxicity tests were performed: Chironomus r1'pariuS 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., 2 80% for 
H. aztecq and 270% for C. riparius (USEPA 1994; AST M 1995);"280% for Hexagenia spp., and 
275% for T. tubifex (Reynoldson et al. 1998b). Toxicity tests were performed by the 
Environment Canada Ecotoxicology Laboratory (Burlington, ON). K 

Water chemistry variables (pH, dissolved oxygen (mg/L), conductivity (pS/crn), temperature 

(°C), and total ammonia (mg/L)) were measured in each replicate test beaker on day 0 (start of V 

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

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

illumination of 500 - 1000 lux.. The T. tubifex test was run in the dark.
E 

Hyalella azteca‘ V28-day survival and growth 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-pm screen and the surviving. amphipods were 

counted. Amphipods were d_ried 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 organisms. On day 10, the 

contents of each beaker were wet siev_ed through a 250-pm screen and the surviving chironornids 

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 eachjar were wet sieved through a 500-urn screen 

and surviving mayfly nymphs were counted. Nymphs were dried at 60°C for 24 hours and dry 

weights recorded. Initial mayfly wet weights were converted-to dry weights using the following 

. 
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equation from a relationship for nymphs 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 weight. 

T ubtfex tublfex 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.-},|.Il‘l sieve 
sequentially. The’ number of surviving adults, full cocoons, empty cocoons, and large immature 
worms were counted from the 500-pm 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 adults, 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
4

. 

Analyses of alkalinity, total phosphorus, nitrates/nitrites (N Oi/N 02), total ammonia (NH3), and 
total Kjeldahl nitrogen (TKN) were performed by the Environment Canada’s National. 
Laboratory for Environmental Testing (NLET) (Burlington, ON) by procedures outlined in 
Cancilla (1994) and NLET (2ooi1).'- 1' 

I

” 

Sediment particle size
_ 

Percents gravel, sand, silt," clay and 25”’, 75”‘ and mean percentiles were determined by the 
Sedimentology Labora_toryi(Burlington, ON) followingithe procedure of Duncan and LaHaie 
(1979);. 

Sediment trace. metals and nutrients Caduceon Laborato‘ 
~ ~ 
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. SnCl2 was added to reduce‘ Hg to volatile metallic
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form. If there was high organic material, KMnO4 was added to the digestion solution to destroy 
organo-mercury bonds. Hydroxyl amine hydrochloride was then ‘added to neutralize KMnO4 
excess so SnCl2 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 a'nd_.biota (F lett Laboratom) 

Total and methyl mercury. in sediment and biota was analyzed by Flett~Research Ltd. (Winnipeg, 

MB), based-on procedures of Bloom and Crecelius (1983), Horvat et al. (1993) and Liang et al. 

(1994), and are summarized below. 

Total rrie'r"cury in sediment -biota‘ 
b

_ 

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 nitric/sulfuric acid at 150°C. 
After cooling, the sample was diluted to 25 mL with low-mercury deionized water, spiked with 
BrC1 and allowed to react. The residual BrC1 was then destroyed by addition of hydroxylamine 

hydrochloride. aliquot of the sample (100 _uL e 2 mL) was placed ‘into a spar_gi_ng vessel, to 

which was added stannous chloride. The elemental mercury produced was purged onto agold 

trap with Hg-free nitrogen. The gold trap‘ was heated with UHP argon carriefr gas passing 
‘through it, and the mercury released was measured by a, Brooks-Rand CVAFS model-2 detector. 
The detection limit was 1-5 ng/g dw. 

The same procedure as described for analysis of total mercury in sediment was used for biota, _ 

with the following differences 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 samplewas diluted to 25 mL with low mercury 
deionized water, spiked with BrCl and allowed to react. 

Methyl mercury in sediment .

_ 

Sediment was prepared for analysis by distil,ling 200-300 mg of homogenized sample (or spikes 
or blanks) in ~45 mL of low"-mercury deionized water. Approximately 40 mL of distillate was 
collected and acidified with KC]/H2SO4. (Note: Since methyl mercury results were 5 0.1% of the
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total mercury results, a methylene chloride extraction was carried out on some ofthe highest 
total mercury samples. 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, depend_ing on observed 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 nitrogen. The trap‘ was heated, purged with UHP argon onto 
a GC column (for separation of the ethylmethyl mercury from Hg° and diethyl mercury), run ‘ 

through a pyrolizer (to reduce all mercury to Hg°), and then sent to a cold vapour atomic 
fluorescence analyser for detection. (GC oven: Perkin Elmer 8410 GC; column: chromasorb 
WAW-DMSC 60/80 mesh with 15% OV-3; detector: Brooks-Rand CVAF S model-2.) The 
detection limit was 0.25 ng/g dw. V 

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

. digested ovemight with ~500 uL of KOH/methanol at 75 °C. Sample aliquots (50-60 uL) were 
then treated and analysed as described above for the ethylation and subsequent steps in the 
determination of methyl mercury in sediment. The detection limit was 1-.-2 ng/g dw. 

Organic contaminants 

Analysis of polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs) and 
organochlorine (OC) pesticides was performed on sediment and biota samples by the MOE 
Laboratory Service Branch of the MOE (Etobicoke, ON), following Ontario Ministry of 
Environment standard ‘r’netho_ds« (MOE 1993, 1994a, 2003a). 

3.5 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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. 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.anal. sis .of.benthic invertebrate communities and sediment toxici 

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 dataset is restricted to 

harbours, embayments, and nearshore waters of the Laurentian Great Lakes. Therefore, the 

standard BEAST model was modified to include reference sites from connecting channels, 
0 

specifically in the St. Clair River, for use in site assessments for the St. Clair River AOC 
(Reynoldson et al. 2003). In general, the modified model ismore 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 usedto predict the test sites to 1 

of 6 reference community groups using a previously computed relationship between 11 

environmental variables and the community groups (Reynoldson etal, 2003). Benthic 

community assessments were conducted at the family level, as this taxonomic detai_l is shown to 

be sensitive for the determination of stress (Reynoldson et al. 2000). All community 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 reference site invertebrate data of the 

matched reference group only (i.e., group 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 >< 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.

V 

‘ Probability ellipses were constructed around reference sites, establishing four categories of 
difference from reference: equivalent /non-toxic (within the 90% probability ellipse), possiblyi 
different! potentially toxic (between the 90 and 99% ellipses), different/toxic (between the 99 
and 99.9% ellipses), and very differentlseverely toxic (outsidethe 99.9% ellipse). Test site 
toxicological responses were also ‘compared to numerical criteria previously established for each 
category (non-toxic, potentially toxic andfoxic) and species from reference site data 
(Reynoldson and Day 1998). 
Test data were analyzed in subsets tomaintain the ratio of test: reference sites’ $0.10. Multiple‘ 
discriminant analysis was performed and probability ellipses were produced using the software 
SYSTAT (Systat Software Inc. 2002). HMDS, principal axis correlation, and Monte-Carlo tests

0 

were performed using the software PATN (Blatant Fabrications Pty Ltd. 2001). 

Com arison of u s_tream_.to downstream benthic communities 
~ ~ 

Additional analyses were performed to compare sites adjacentto or downstream of the industrial 
area to sites upstream of the industrial 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 (ANCOVAs) were performed 
using Minitab (2000). The covariates s_ele.cte,d 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. 

1.7



Biomagnification potential 

Mercury distribution in sediment and biota 
Sites in which concentrations of Hg in invertebrates ([Hg]i,,v) were significantly elevatedabove 
background levels for the study area were identified by comparing [Hg]i,w for the test sites to the 

upper 99$ % percentile (=. maximum) for the upstream reference sites. This was done separately 
A 

for MeHg and THg and for each invertebrate taxon. 

Relationships betweencfioncentrations of Hg in sediment and invertebrates were determined ‘ ' 

using regression analysis, again separatelyfor MeHg and THg and for each invertebrate taxon. 
The approach was used to estimate the degree to which Hg in invertebrates is predictable from 
Hg in sediment, with-and without environmental covariablesi Simple linear regression (ordinary

' 

least squares).was used for the single predictor ([Hg]sed) model. “Best subset” multiple linear 

regression (Draper and Smith 1998; Minitab .2000) was _used for the fitting of multiple predictor 

models._ Included in the models were the environmental variables expected to potentially 

influence uptake of Hg from sediment by biota (based ‘on reviews such as Braga et al. 2000; 
Lawrence and Mason2001), 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 02, pH, alkalinity, conductivity; N03/N02, total 

,Kjeldahl nitrogen, temperature and site depth. To increase normality of data distributions and '- 

linearity of relations between variables, some data were transfonnedzl log(x) for THg and MeHg 
in sediment and invertebrates; log(x) for overlying water variables, sediment nutrients, iron and 

manganese and site depth; and arcsine-square root(x_) for the particle size fractions. Normality; 

and li_nearity of alkalinity and pH data were not generallyimproved by tra'ns_formati'ons, so these 
were analyzed untransformed. 

All models fitted to the data included [Hg]seg 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]ged on [Hg];,,,, 
=“ 

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 roughly decreasing order of importance):
I 

a maximum Rzadjusted 
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o significance of partial F -tests (= t-tests) for predictors (especially [Hg]sed) 
e significance of F -test for regression 
a variance inflation factors (V IFS) for predictors < 10 
o hofnoscadastic and normally distributed residuals 
o Mallow’s Cp 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 considered 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]sed predicts 

[Hg]im,, as indicated by the significance of the -t-test of the coefficient for .[Hg]sed.
9 

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

I 

are described in Appendix A.- 

It is widely recognized that mercury is transferred through trophic levels primarily in the methyl 
form (USEPA 1997b). It is also accepted thatimercury in the tissues of fishes and higher trophic 
level organj_sm_s.i_s almost entirely in the organic (methyl) form; Environment Canada (2002) 
statesthat .“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 inverteb_rate‘s and (b) combined 
THg and MeHg BMF values.(ass1_1ming that reported THg concentrations largely represent 
MeHg concentrations). 

Concentrations of MeHg in the tissues of receptors were pred_icted by multiplying measured 
body concentrations in the resident invertebrates by the food chain multiplier relevant for the

19



7 

receptor. The predicted MeHg concentrations in receptors are generic in that they are not 
specific to particular tissues. 

Cree = FCM X C inv 
where: 

Cm = mean contaminant concentration in the consumer‘ (receptor) species 
Cim, = mean contaminant concentration in invertebrates 
FCM = food chainmultiplier 

V 

The FCM represents the biomagnification of a substance from one trophic level to a higher 
trophic level (USEPA 1997c). Whereas a BMF applies to only one trophic level-trans'fer',a FCM 

- refers to one or more, and may be a multiple of more than one BMF. Thus, FCM = BMF1 X * 

BMF2 x BMF3 ‘x’ X BMF“ , where 1,-2,3,._».., n are transfers of one trophic level. The BMFs 
-‘used to obtain FKCMS and calculate Cm values are in Table A1, which shows the low, medium 
and high BMFs"from the lgiterature review for‘ each transfer between trophic levels as shown in 
Figure A1. In Table 3, the F CM for transfer fromlbenthic invertebrates to each receptor is 
estimated by multiplying the BMFS for the iii_tennedi_ate. steps from Table A1 ._ 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 recognized 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 concentrationsiused in the predictions of Hg in receptorsinclude 
observed [Hg]im, values for the two .taxa collected from the site. ‘These were used to obtain 

minimum and maximum observed [Hg];,,,, for the taxa collected from the site. "‘Medium”. [Hg];,g, 
for the site was calculated "as the mean of the values.‘ Since fish contaminant data are reported 
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 weight. Biota 
comprised on average 86% water. The "ratio of wet to dry weight was determined for each 
individual sample submitted for analysis (rather than using an overall average ratio for each 

taxon). Wet weights were detennined using the following conversion‘; 

[Hg].~,,,, (ng/g dry weight) / (ratio of wet: dry weight) = [Hg]i,,,, (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, minirnum,'intermediate and maximum concentrations of MeHg for each receptor 
were predicted by: 

[H.g]rec = FCM >‘ [H8]i.nv 

using corresponding low, medium and high [MeHg]i,,,, 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 F CMs were used for the minimum and maximum prediction, the mean of 
the two medium values was used for the intermediate prediction. 
If a predicted contaminant concentration in the receptor exceeded the guideline ‘and the - 

maximum predicted concentration at reference sites, a potential 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 

_ _, 

Triplicate overlying water and sediment samples were collected at 2 randomly selected sites 
(6668 and 6669) for determination of within-site and among-sample variability. Variability in 

the measured analyte was expressed as the coefficient of variation (CV = standard deviation / 

mean x 100). 

Laboratory 

F lett 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 
sainplerecoveries. 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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l—. 5’’, and “OPR (sol_ids)” were concurrently digested and analysed for total Hg, and “IAEA”, 
“DORM 2” and “alpha” were concurrently digested ‘and analysed for methyl Hg. For biota, 
“DORMa2”, “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 analysesof sample duplicates and matrix spikes. 

Caduceon Environmental Laboratory analyzed, sediment for trace metals (including total 

mercury), major oxides, total phosphorus, total Kjeldahl nitrogen, 'a_nd_total organic carbon. 

Quality control procedures involved control charting of influences, standards, and blanks. 

. 
Reference material was used in each analyticalrun. 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: (x1,-x2)/ ((x1 +.x.2)/2) x 100. 

An inter-laboratory comparison of analyses for total Hg was conducted based on results from 
_Flett Research and Caduceon L_aboratory. Data were compared by regression analysi_s. The slope 

of the regression 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 C__o_mmuni 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 percent of organ_i_sms missed (%OM) was calculated using the equation: 

%OM = # Organisms missed / Total organisms found x 100 
'\ 

. The desired sorting efficiency is a %OM S 5% (or >95% recovery). If the %OM was >V5%, two 
more replicate samples were randomly selected and the %OM 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%.
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4 _RESULTS 

4.1 Sediment and Water Physico-Chemical Properties 
Ov§_rlyi'ng water 

Conditions of overlying water 0.5 m above the sediment are generally similar across at all sites 
(Table 4), with overlapping ranges and similar medians for each variable. -Upstream sites have 
only slightly lower levels of nutrients (total phosphorus, total Kjeldahl nitrogen, and N03/N02) 
compared to the rest of the sites overall. Fairly narrow ranges of di_ssolved oxygen, pH, 
conductivity, alkalinity, temperature, phosphorus, total Kjeldahl nitrogen, N03/N02 and 

' ammonia are observed at sites along the river (ranging over 2.3 mg/L, 0.3 pH units, 29 p.S/cm, 
612.5 mg/L, 3.6 °C, 0.03 mg/L, _0._l6 mg/L», 0.16 mg/L and 0.03 mg/L, respectively), suggesting a 
relatively homogeneous water mass. Dissolved oxygen is 27.3 mg/L at all sites. 

Sediment particle size 

Sediment particle size data for St. Clair River are shown in Table 5. St. Cla_ir~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 66Ml44 are very coarse, with 32, 38 and 
28% gravel, respectively. ‘There is very little or no clay at most sites, ranging from to 19% — 

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

.
. 

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 
resident 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 provided in Appendix C, 
Table Cl.

' 

Total mercu1;v_ 
_ A 

On a dry weight (dw) basis, the lowest total Hg levels were foundat sites upstream of the 
industrial area, which range from 0.008 to 0.07 p.g/g (mean of 0.024 pg/g) (Table 6, ‘Figure 2). 

Total Hg concentrations in Zone A (adjacent to the industry)range from 0.2 to 49.3 pg/g and in 1' 
Zone B (to the end of Stag Island) range from 0.8 to 3.8 pg/g. Total Hg concentrations at the 
three sites down,stre‘am of Zone B range from_0.04 to 0.5 pg/g»; the site farthest downstream in 
the delta (6651) has a, similar concentration as the upstream reference sites. The highest Hg 
concentrations are at sites 6663' and 6664 in Zone A (from Caduceon data; Appendix C", Table 
C1), and there is an-overall decrease _in Hg with distance downstream of‘6663. The SEL (2.0 

9 

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

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 upstream 

_ 
sites (10.3%), methyl Hg at 6660 was estimated to be 7 ‘ng/g. Using 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, respectively. For upstream sites, MeHg ~ 

concentrations range from 0.5 to 7 ng/g (mean of 2.5 nglg) (Table 6, Figure 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 concentration is for 
site 6663 and overall there is a decrease in methyl Hg withdistance downstream although values 

tend to fluctuate along the river. The mean fraction of measured methyl mercury relative to total
A 

mercury. for allsites is 2.5% (95% confidence interval (CI) of 0.78 to 4.26%), but is much higher’ 

at the upstream sites (mean of 10.3%) 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 CI.‘ 

A significant positive correlation (r2 = 0.78, P<0.001) was found between the methyl and total 
mercury concentrations in the sediment (Figure 4). 
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Com arison.of sediment mercu " at u’ stream 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 median [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 99”‘ 
percentile for the upstream reference sites (Figure 3). (Note: the maximum upstream 
concentration was estimated '— see above). Methyl Hg concentrations at the sites downstream of 
Zone B do not exceed the 99”‘ percentile for the upstream sites. The median [MeHg] of all test 
downstream sites ‘is ~5x higher the median of the upstream reference sites. 

Sedimenttrace 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 ' 

A 

from 0.3 to 32% (median l.3%), TKN ranges from 190 to 26_10.},Lg/g.(median 583 pig/g), and TP 
ranges from 123 to .772 pg/g (median 239 pg/g). Sediment nutrient concentrations throughout 
theriver are similar, with some slightlylhigher values observed for testsites in Zone B. The 
highest TKN and TP and high TOC is noted for site 66M253, located just belowlthe Talfourd 
Creek (see Figure 1). The highest TOC is noted for site 6663 (Zone A). Trace rnetalsvand the 

_ 
corresponding provincial lowest effect levels (LEL) and SELs are also provided in Table 7. 
There are similar concentrations of trace metals throughout the river. Metals exceeding the 
LELs include arsenic, cadmium, copper, nickel and lead.’ 

Nutrient and metal contaminant concentrations reported to exceed dredged. material disposal 
(DMD) guidelines in the river in previous studies (St. Clair River Rap Team 1991 - total 
Kjeldahl nitrogen, total phosphorus, arsenic, cadmium, copper, chromium, iron, lead, nickel, 
zinc, manganese) do not exceed DMD guidelines in the current study with the exception of TKN . 

.at site 66M2—53 (Zone B) and nickel at site 6663 (Zone A).
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Organic contaminants 

Sediment 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, similarto that foundin previous studies (St. Clair 

River RAP Team 1991). Total PCBs range from < detection limit (DL) to 0.2 ug/g and total 
PAHs range from 0.08 to 9.94 pg/g. The Lowest Effect Level for total PCBs (0.07 pg/g) i_s - 

exceeded at 7 sites, for total PAHs (4 pg/g) at 1 site. Upstream reference concentrations range 

from < DL to 0.08 for total PCBs and from < DL to. 0.2 to 0.3 pg/g for total PAHjs. 
Hexachlorobenzene concentrations range from < DL to 0.89 pg/g, HCBD ranges from < DL to 
0.26 pg/g, and OCS ranges from.< DL to 0.11 pg/g. Upstream reference site concentrations 
range from 1)L 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 organic 

contaminants as the upstream sites. Thehighest 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 

Sect'ion'3.l for further explanation). (Sites 6663 and 6664, located adjacent to the Dow property, 
‘ 

A have the highest [Hg] —‘ see Appendix C, Table C1.) 

4.2 Benthic Invertebrate Community
' 

Using a revised BEAST modelwhich includes 10 reference sites in the St. Clair River itself 
(Reynoldson et al. 2003), St. Clair River sites (collected in 2001 only, n=16) have the highest 

probability of belonging to reference Group 3 (15 sites) or to reference Group (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 416 sites have < 60% probability of group membership, and 4 

sites have < 50% probability of group membership (probability range: 42 to 77%; median; 5.4%); 

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

(Diptera) and Tubificidae (0ligochaeta), which areprjesent at all sites (Tables 9a-d). At upstream - 

sites (n=5), tubificid densities range from 2451 to 45,819 per m2 (mean of 19,198/m2) and 

chironomid densities range from 3016, to 20,812 per ml ‘(mean of 12,660/m2)’ (Table 9a).
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Naididae (Oligochaeta) are present at all upstream sites ranging from 101 to 2238 per m2 (mean 
of 744/m2). Other‘ macroinvertebrate taxon groups present at most or all upstream sites include

' 

ephemerid (9 to 60/m2) and caenid (9 to 60/m2) rnayflies (Ephemeroptera), and gammarid' 
amphipods (Amphipoda) (9 to 188/m2) (Table 9a; Appendix E, Table E1). With the exception of 
site 6662 (just upstream ofthe Dow_property; tubificid density of 56,152/m2), tubificid densities 
in Zone A (945 to 5386/1112) are lower than upstream whereas densities in Zone B (range of 9711 
to 59650/m2)_ are overall higher than upstream» (Tables 9b-c‘).- Chironomid densities in Zones A 
(including 6662) (range of 1990 to 8158/m2)_and B (range of 1327 to 11037/rnz) 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/m2 (median: 236/m2); most sitesghave 

A lower densities than the upstream mean. Ephemerids are absent at all test sites with the 
exception of 6664 (Zone A; 9/m2) and 6651 (delta; 181/m2; Appendix E, Table E1)) and caenids 
are present at 1 Zone A site (6663; 9/m2), at 4 Zone B sites (rangegof 60 to 1146/m2), and at site 
6654 (Stokes Pt; 1093/m2) (Table El). Gammarids are presentin Zone -A,(2 sites) Zone B (3 
sites) (range of 3 to 1206/r'n2) 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 Z,or_1e'B (Table 9c). 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 1.1 test sites have 2 14 taxa present’ (2 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 rnacroinvertebrate 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 (52.2% 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 and 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 (50.4% 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, enchytraeid worms (Oligochaeta), empidid flies (Diptera)) comprise between 0.7 and 

7.2% of the total. 
A

‘ 

Reference Group :3_ 
4 Reference Group 3 is based on 51‘ sites, primarily from Georgian Bay (20),as well as the_ North 

Channel- of Lake Huron (10), the St. Clair River (9), Lake Ontario (7), Lake Eric (3), and,Lake 

Huron _(2). This group -is characterized by Chironomidae, Tubificidae and Sphaeriidae 

(Bivalvia), occurring at 100%, 94 and 82% of reference sites, respectively. Chironomids _

_ 

comprise 37.7% of thetotal abundance of families in Group 3, tubificids 19.3%, and Sphaeriids 

12.5%. To a lesser degree, Naididae, Valvatidae (Gastropoda), Sabellidae (Polychaeta), 
G

' 

Asellidae (Isopoda) and Ephemeridae are also-present in Group 3 (occurring at 31 to 67% of 

reference sites ‘and comprising 1.4 to 6.5% of the total abundance). ‘Tables 9a-c show the mean 

abundance of these families at the 15 St. Clair River sites thathave the highest probability ofr 

belonging to reference Group 3. Chironomids and tubificids are present at all sites in increased 

abundance compared to reference sites (from ~1.l 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 mayfl_ies—-present, while mayflies are present at only 2.downstr‘ea_m 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).

28



. 

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 l(occurring at 

8 

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 inthe North Channel of the 
delta), which has the highest probability of belonging to reference Group 1. Tubificidae and 

I 

Chironomidae are present in increased abundance compared to reference sites (~2.5x~ and 8.2x- 
higher, respectively),’while Sphaeriidae are in decreased abundance (~6.7>< lower). The: » 

rernaining—3 predominant reference families. are absent» from 6651. However, Ephemeridae 
(mayfly), which have _a low percent occurrence (5.7%) and low mean abundance (3 .5/m2) at the T 

reference sites, are present at 6651 in increased abundance compared to reference (181/m2; 
Appendix E, Table E1). Enchytraeidae (Oligochaeta) are also present at 6651 (60/m2; Appendix 
E, Table El). These worms are only "present occasion_al1y in Group 1 reference sites (8.6%) and 

V 

in low_ abundance (reference mean of 8.7/m’). Taxon diversity at site 6651 (5 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-
I 

d. Ordinations are shown in Appendix F, Figures F1 to F4 (stress S 0.16). Four separate 
ordinations were performed each with a subset of 1 to 5 Clair River sites. 

St. Clair 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)
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Macroinvertebrate families that are most highly correlated to the ordination axes scores are 

Tubificidae and Chironomidae (r2: 0.50 to 0,93 and 0.31 to 0.71, respectively), followed by 

Sphaeriidae (r2: 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 correlatedto 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 they are superimposed on each other). The relationship 

between the community response and habitat variables was examined by correlation of the 

ordination of the community data and the habitat information. Sixteen habitat variables are 

significantly (p_S0.01; r2Z0.20)' correlated with the three ordination axes scores: Hg, Cu, depth, 

loss on ignition (LOI), particle size fractions of the sediment (mean, 75”‘, and.25‘h percentiles), 
' 

CaO, totaliorganic carbon (TOC), MgO, P205, temperature (Temp), N03/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 F 1 to F4. Most notable is that Hg 
appears associated with the movement of some sites" outside of reference (Zone B sites - Figure 
F3). The contribution of organic contaminants are not known (organic contaminants were not_ . 

measured in the Great Lakes reference sites and therefore a comparison to test sites is not 

possible using BEAST multivariatemethods). 

Comparison of "Up" ‘stream to Downstream Sites _ 

The HMDS (using St. Clair River, invertebrate family data only) reveals that three axes define the 
structure in the data (stress 5 0-.-12). The data, summarized 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 aremost similar to each other but generally 

upstream sites show variability along all three axes. Downstream sites also show variation along 

all three axes. Families highly correlated with the ordination axes scores include Tubificidae (r2 

= 0.87) and Chironomidae (3 = 0.65) (shown as vectors in Figure F5). Also significantly 

correlated (p§0.05) arethe moth Pyralidae (Lepidoptera) (r2 = 0.4.8), the caddisfly 

Brachycentridae (r2 = 0.47), and the snail Hydrobiidae (r2 = 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 site scores: 
particle size (25‘"‘ percentile, r2=0.87), and %silt (r2=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 
.dowr_1str,e’am sites to those of upstream (refer'ence)Vsites‘. The ANCOVAs were performed, 

. separately for each of the three axis ordination scores.vCovariates ‘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 diversity and log(x)-transformed abundances oftubificids 
and chironomids also indicate no significant differences between upstream and downstream sites. 

4.3 Sediment Toxicity Tests 

Meanfspecies survival, growth, and reproduction insediment from St. Clair River sites are 
‘provided in Table 10'. The established numeric criteria 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 -6 76%). 

_ 

However, the majority of ‘sites (16 of 26) show en_riched_ mayfly growth (greater than two 
standard deviations (SD) above the Great Lakes reference mean). The amphipod and midge also 
show enriched growth at I 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 shown in 
Appendix G; Figures G1 to G3 (stress 5 0.09). Each figure represents a separate ordination with
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a subset of St. Clair River sites. Toxicity endpoints that are most highly correlated (r2 2 0.884) 
to axes scores are Chironomus survival (Crsu), T ubifexi 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 (rzas 0.11) to the axes scores in all ordination;;the most highly
4 

correlatedisignificant environmental variables are depth (r2: 0.097 to 0.11, Figures G1 to G3), 
temperature (r2: 0.081 to 0.10, Figures G1 and G2) and Na2O (r2: 0.083 to‘0.089, Figures G1 and 
G3) and TOC (r2 = 0.094, Figure G2). Mercury is not significantly correlated (Figures G2 and 
G3), or is very weakly correlated (r2=0.075; F igu_re'Gl). 

, 

St.» Clair sites" fall into the following bands of similarity to reference conditions: 

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

Ba'nd'2 (potentially toxic): 3_'s_ites (6664, 66.66, and 66Ml44) ~ 

'Band3(toxic): 
_ 

. Osites 

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 mercur_v_ 

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

[THg] across sites: chironomid [THg] ranges from 58 to 1710 ng/g (median 277 ng/g);- 

oligochaete [THg] ranges from 42 to 1626 ng/g (median 251 ng/g) (Table 11). Overall lower 

THg in hiota 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 of42 to 279 ng/g; 

median of 189 ng/g). Logged concentrations of THg in chironornids and oligochaetes are 
significantly correlated (r2=0.42_, 1><o.oo1). 
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Methygl.vmgercL_1ry
" 

Chironomids show a greater range of [MeHg] than oligochaetes across all sites. Chironomid 
[MeHg] ranges from 8.1 to 148 ng/g (median of 51 ng/g) and oligo‘cha;ete [MeHg] ranges from 
0.3 to 49 ng/g (median of 13 ng/g) (Table 11). Chironomids accuinulate more MeHg than 
oligochaetes atvall sites. Overall, biota fr'om“upstream sites have lower [MeHg]s (range of 0.3 to 
23.8 ing/gs; mean of 10.2 ng/g) than Zone A (range of 4.4 to 148 nv/g/g; median of 136.8 
Zone B (range of 7.9 to 104.5 ng/g; median of‘37.0 ng/g) and downstream sites (range of 1.6 to 
72.5 ng/g; medianof 14.2 ng/g). The correlation between chironomids and oligochaetes for 
log[MeHg]i,,,, ‘is significant (r2=0.66, P<0.0001).2 ~ 

Comparison of n'1erc1_1;'y in biota at upstrearnsites to downstream sites 
Total and methyl mercury in chironomids and oligochaetes at the upstream reference sites 
compared to downstream sites are shown in Figures 5 and 6, respectively. 

Chironomids — Total Hg ‘ 

All sites except 4 (6662,) ‘66M253, 6654 and 6651) have [THg] 
greater than the m_aximum (99th percentile) of the reference site concentrations igure 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 Section 3.1 for further

1 

explanation.) --Overall, there is azdecrease in THg levels with distance downstream of Zone,A. 

. Oligochaetes — Total Hg All sites except two (6662 and 6651) exceed the maximum 
reference site concentration (Figure 5). The highest accumulation occurs at 6665 (Zone A) and 
the lowest ac‘cur_nu1ation at the site farthest downstream in the delta (6651). 

Chironomids — Methyl_H'g All test sites, except three (6662—, 6654 and 6651) exceed the 
maximum reference site concentration (Figure 6), similar to that seen with total Hg. The highest 
accumulation is at 6665 «(Zone A).

_ 

Oligochaetes — Methyl Hg All 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 
chironom_id_s.

1 

4.4.2 Biota-sediment accumulation factors 

The biota-sediment accumulation factors (BSAF s) for total and methyl mercllfy are shown for 

upstream and downstream sites for each taxon in Figure 7. For THg, BSAFs are similar for both 

taxa and are greater for the.upstream reference sites (range: ~3 to 25), than the downstream sites 

(range:~ 0.1 to. 2). In general, sites that show a BSAF >1 are those with the lowest sediment total 
mercury concentrations. The BSAF s for MeHg are greater than those for THg for the 
downstream sites. Chironomids accumulated more MeHg than oligochaetes at both upstream 

V 

V and downstream sites overall. For upstream sites, the range in BSAF»s for chironomids and 

oligochaetes‘ is ~9 to 48 and ~03 to 5, respectively, and for downstream ‘sites is ~2 to 21 and 

~0.7 to 9, respectively.
' 

. 4.4.3 Relationships between mercury in biota and sed,im'_ent 

Total mercug 
Concentrations of total Hg in each invertebratetaxon vs. total Hg in sediment are plotted in 
Figure 8, with fitted regression lines using sediment [THg]'alone as the predictor. For both taxa, 

_ 

theslopes are significant (P S 0.001) with R2 values of 0.55 (chironomids) and 0.48 

(oligochaetes). ‘Prediction of [THg]i,,,, is improved with the following additional predictors: 

dissolved oxygen, total Kjeldahl N (overlying water), %sand, manganese and site depth for the 
chironomid model, and; %silt, %sand and N03/‘N02 for the oligochaete model (Table 12). These 

brought the R2 values to 0.91 and 0.71 for chironomids and ‘oligochaetes, respectively. For both 

taxa, [TI-Ig]sed is the strongest or an equally strong predictor (PS 0.001). Coefficients for all 

predictors arelnegative except for dissolved oxygen, %sand and manganese for the chironomid 

‘model. ’ 

_ 
Methyl mercury 

The relationships between MeHg in invertebrates and MeHg" in sediment (Figure 8, Table 12) are 

similar to those-for total Hg. With [MeHg]s..,d alone as the predictor, regressions are significant 

for both taxa (P 5 0.001), with R2 values of 0.51 (chironomids) and 0.53 (oligochaetes), For 

chironomids, the regression accounts for more variability in [MeHg]im, with the addition of iron 
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(negative coefficient), and the R2 value is increased to 0.66. As with [THg]sed, [MeHg]sed is the 
most importantpredictor of [M'eHg]_i,,v in the multiple linear regressions for chironomids (P S 
0.001). For oligochaetes, the regression accounts for more variability in [MeHg]i,,v with the 
addition of manganese (negative coefficient), with an increase in the R2 valueto 0.75. Both 
predictors are equally strong (P S 0.001). The fact that (a) the models that best predict [MeHg]im, 
include [MeHg]se_d as the most significant term or equally significant and that (b) the magnitudes 
and directions of the regression coefficients are more or less stable‘ a_cross'v‘arious models, 
suggest real relationships between [MeHg]im, and [MeHg],ed. 

4.5 Predictions of Methyl Mercury Concentrations in Receptors 
4.5.1 ~ Presentation of model outcomes 

2

_ 

Predicted concentrationslof MeHg each receptor species for each sampling site, calculated by 
n_1ul_tiplying.observed mercury concentrations in invertebrates (wet weight values from Appendix 
B, Table B2) by the appropriate F CMs (from_Table 3), are shown in Table 13 and Figure 9. 
Receptor MeHg concentrations are presented separately for “minimum”, “intermediate” and 
“maximum” levels of mercury exposure and uptake scenarios. In each subfigure, predicted. 

' 

[MeHg],ec for one of the receptors is presented in bar charts comparing upstream (reference) and 
downstream sites. In the bar charts, which have the same logarithmicscales‘ in all subfigures, _ 

two criteria concentrations are marked; (1) the maximum (= 99th percentile) of the predicted
\ 

[MeHg],.',c for the reference sites, and (2) tissue residue guidelines (TRGS) for the fishes. The 
tissue residue guidelines (TRGs) apply only tothe fish receptors. They refer to the 
concentrations of MeHg in the diets, of wildlife that consume aquatic biota. The TRG>'used for 

* MeHg is the lowest of the reference concentrations derived by Environment Canada (2002) for 
the protection of wildlife receptors in the AOC that consume aquatic biota: 92 ng/g This 
pertains to the American mink (Table 12 of Environment Canada 2002). The recommended‘ 
TRG for the protection of all wildlife species — 33 ng/g ww — was not considered appropriate

I 

because it is based on the reference concentration for Wilson’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 c_riteria 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 [MCHg]rec result in 18 of 1.9 test sites 

exceeding those for the upstream sites (Figure 9). Of these 18 sites, the number of sites at which 

the predicted [Hg],,c.exceeds the TRG is 0 for the sucker, 3 for the perch, and O for the walleye. - 

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

' 
' Methyl Hg '— intermediate The intermediate predictions of [MeH'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 predicted '[Hg],.._c exceeds 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 1- maximum The maximum predictions of [MeHg]rec‘ result .in 15 sites 

exceeding those for the upstream reference sites (Figure 9).. Of these 15 sites, the number of 

sites at which the predicted [Hg],,;c exceedsthe 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 

the sucker and perch, and at all sites for the walleye. 

4.5.3 Overall patterns , 

. _ 

Beyond the comparisons of predicted [MeHg],.,¢ for St. Clair River sites to the upstream - 

reference sites and to the TRG, pattems are evident in the differences in predicted [MeHg],ec 

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

Predicted [MeHg],.,.., generally increases with the trophic level of ‘the receptor, with the mean 

mink predictions be_ingV~2x to 50x those of the sucker. Consequently, the number of sitesat 

which [MeHg],e¢ 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],ec exceeds the maximum of the upstream reference site concentrations is the same 
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among receptors. This is because within a series (’i.e., any of the minimum/ interr'nediate/ ’ 

maximum groups), [MeHg],ec all derive from the same [Me'Hg];,,v values. Differences among 
predicted [MeHg],ec values reflect differences among uptake pathways in the FCMs from Table 
3. The pattern of variability amongsiteis is the same for all receptors within a scenario (‘i.e., the 
[MeHg],-.,¢ values are fully correlated among receptors). - 

Among exposureM.an_d uptake scenarios 
Looking at the differences in results from the exposure and effect scenarios involving the same 
receptor, mean predicted [MeHg],.,¢ ranges ~,6x (sucker) to ~170x (mink). The mean [MeHg],§¢ 
differences between exposure and effect scenarios are very similar for the sucker and the perch 
and for the walleye and the mink, Differences among scenarios increase overall with trophic 
level of the receptor due to the increase in variability in the FCMs as the trophic pathway 

1 

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 distribution of the analyte in sediment or water,‘ differences in handling 
among samples, and laboratory measurement error. Among—triplicate variability 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 
Yfield-replicatedstation 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 variability are seen among the

_ 

variables. The highest variability is noted for %gravel, followed by MeHg (54.1%) and %TOC 
(47.4%). ‘ 

Laboratog
_ 

Results for F lett Laboratory duplicates, triplicates and repeat analyses for mercury in sediment 
and biota are provided 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]sed, [MeHg]sed, [THg]im, and [MeHg]im,, respectively. These are lower than those reported
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for other studies using gas chromatography and cold-vapour atomic fluorescence spectroscopy 

(Paterson et. 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 reference material recoveries range from 77 

to 99% (overall mean of 87%). The overall range of spike recoveries (80 to 110%) is 
comparable to thatobtained by Lawrence and Mason (2001), 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 corresponding analyses of lab blanks 4 

and reference materials are provided in Appendix H, Tables H5 and H6. The relative 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 sample measurementsilrange from'65 to 120% 

(mean of 96%). Recoveries for reference materials range from 7.5 to 129%, but are mostly 

between 90 and 100% (Table H6). A 

The inter-laboratory comparison for analyses of total mercury in sediment is described in 

Appendix H. Resultseshow a fair agreement between measurements: the slope of Flett [Hglsea vs. 

Caduceon [Hg],ed is 0.76 and the percent explained variability (r2) is 78%. The greatest 

difference between the two labs is for site 6648 (THg: Caduceon l'.04ug/g; Flett 0.01.2 ugl g). 

Removing 6648 from the regression results in a slope of-0.83 and an r2 value of 0.95. It”is unclear 

why there i_s a large disagreement between the-two laboratories for site 6648. However, Pope 

(1993) reports a sediment total Hg concentration of 0.01 ug/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. 

Benthic Invertebrate Community’ Sorting 

The mean percent community sorting efficiency for St Clair River samples is 3.3%, or 296.7% 

recovery. This indicates that a ‘good representation of the benthic community present at test sites. _ 
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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 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 2 

_ 

pg/g (=SEL). The CCME (1999) freshwater sediment quality guideline (Probable Effect Level 
(PEL) for THg (0.486 pg/g) is exceeded at all sites in Zones A and B except the 1 sitejust 
upstream of the Dow property (6662), and the 2 sites farthest downstream. Upstream reference 
site [THg]Sed are in the range of 0.008 to 0.07 pg./g, which is similar to background 
concentrations of 0.003 to 0._l6 pg/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 pg/g and 32.2 pig/g, observed for 
contaminated sites in the St. Lawrence River (at Cornwall) and Peninsula Harbour, respectively 
(Grapentine etia_l. 2003a,b). For MeHg, asimilar pattern is observed with the highest (estimated) 
concentrations in Zone A (Figure 3, Table 6). Sediment [MeHg]-is strongly related to sediment 
[THg]sed (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 andB; 2.3% for sites downstream of Zone 
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% and0.2%, 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 

I
‘ 

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 
(Thorbum et al. 2003). Zone A had the highest sediment [THg], ranging from 0.71 to 14 pg/g 
(median 2.2 pg/g), while total [Hg] in Zone B ranged from 0.01 to 9.3 ug/g (median 1.2 pg/g). 
The highest concentrations of other priority contaminants (HCBD, HCB, OCS and PCBs) were



also found in Zone A, similar to that found in the current study (the highest PAHs, HCBD -and 
0Cs 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 '1‘Hg, 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 6651, 66M253,— and 2 of the 4 upstream reference 

sites (oligochaetes). For THg, BSAFS range up to ~ 25 and 7 2 for upstream and downstream 

sites, resp,ectiv,ely*,3 for MeHg, the corresponding maximums (including outliers) are ~ 50 

(upstream) and ~ 21 (downstream sites) (Figure 7). Chironomids have higher B‘SAFs than 
A 

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

I 

BSAF s. 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 
concentrationscare lower than that found in the tissue (Bechtel Jacobs 1998). 

Generally, [Hg]m,, at sites in Zones A and B are several fold higher than the [Hg]i,,,, for the 
upstream reference sites, and total and methyl Hg invertebrate concentrations are elevated above 

the maximum of the reference sites at the majority of sites (79 to 95%). Site 6665. (Zone A) is 

highest in [THg]im, and [MeHg]im, 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 sediment 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 mayfly, Hexagenia 
spp. is most sensitive of the four laboratory organisms, showing decreased survival at 2 sites, 1 

located adjacent to Dow (6664), and just upstream of the Ta_l_fourd Creek outlet (6666). Also 
affected is the worm Tubifex at the site just downstream of the Talfourd Creek outlet (6'6M144) 
with a low number of cocoons produced per adult, as well as a low number of young produced.

I 

The low number of cocoons suggests that the stressor(s) effect is primarily on gametogenesis 
(cocoon production), The majority ofsites (65%), however, show enrichment, with mayfly (or 
amphipod) growth exceeding two standard deviations of the Great Lakes reference mean-. Total 

V Hg is either very weakly correlated (r2= 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 known 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 

V 

reference sites; therefore, comparison of these test site communities to the reference group 
communities is suboptimal. Although the BEAST model was revised to include connecting ' 

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 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% tubificids and 12.5% sphaeriids (Table E2), whereas most of the test and upstream St. 
Clair River sites have 340% tubificids, and 220% ehironomids and sphaeriid_s are absent 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 River 
sites with the exception of upstream site 6698 (low abundance of asellids pres_ent)‘and

C 

Epherneridjae, a minor taxon in reference Group'3, is present at 4 of the 5 upstream sites but only
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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 S 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 and 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 Samia 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 ml (median of 4506/m2,» mean of 8568/m2), and were represented by 14 species as 

well as unidentifiable worms (with and without chaetal hairs). The most common tubificids, were 

Limnodrilus hoflineisteri, L. udekemianus and the immature tubificids without chaetal hair. In the 

current study, there are 16 species identified as well as the smaller unidentifiable worms. The 
' most common tubificids included immatures (greater amount with chaetal hairs in downstream 

sites and greater amount without chaetal hairs at upstreami reference sites), Aulodrilus pigueti
' 

(absent in 1994 study), L. hoflifieisteri, L. udekemianus and» Quistradrilus multisetosus (Table 

E3). Differences in species composition and abu'ndan'ce- 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-um in the 1994 study vs. 250-um 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 

immature worms. Therefore, reported densities could be underestimated in the 'Farara and Burt 

study. Discrepancies could also be due difference in actual sampling location. Chironomid 

densities in the Fararafand ‘Burt (1997) study are also lower than that found in the current study, 

ranging from 18 to 8898 per m2" (median of 1601/m2, mean of 2273/m2), and were represented by’ 

33 genera. The "most common chironomids found were Polypedilum and Phaenopsectra, 

generally considered pollution tolerant taxa. In the current study, 38 genera were identified, with 

the most common being Polypedilum and T ribelos (present at all sites), followed by Proeladius 

and Chironomus, present at 15 of the 16 sites. Chironomuse, which are generally moderately 
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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 
'1net_hodologies‘_in sample processing (see above). In the 1994 study, chironomid pupae were 
found at 92% of the stations (6 to 179/rnz) indicating that they were emerging at the time of 
sampling in June (Farara_and Burt 1997). In the ‘current study, no pupae were found at any site. 

5.4 Effectsof Mercury, in Sediment on Mercury 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 [riglinv across sites is similar for both taxa when Hg alone is used as a predictor. 
With the addition of multiple predictors, the amount of variance explained increases, and in all 
cases [Hglsed is the most significant or is an equally significant predictor of '[Hg];m,. In the 

multiple regression models for predicting [MeHg]mv, sediment iron and manganese are 
significant (PS0.009) predictors in the models and increase the amount of variability explained 
by ~13 —. 22%. Both iron and manganese predictors are negatively correlated with [MeHg]i,,v. 
Concentrations of Hg in the benthic invertebrates were measured without clearing their guts. 
Thus, a fraction of the observed [Hg].-m, could include sediment-bound Hg in the This is 
relevant for assessing uptake of Hg by predators‘ of invertebrates, which consume whole 
organisms, and can also factor in the‘ strength of the [THg]S¢d - [THg]i},§, relationship. 
Concentrations of THg in sediment are generally between 1 — 3 orders of ‘magnitude greater than 
those for MeHg, and [THg] varies more among sites. The chironomids accumulated more MeHg 
than the oligochaetes-at all sites, however the [MeHg]s.,d - [MeHg].-m, relationship is slightly

I 

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[THg]im, vs. log[THg]5ed regressions were 0.327 t 0.246 (mean i SE), and the 
mean 12 was 0.12,. The slope is similar to the slopes observed for the current study; 0.337 and 
0.329 for chironomids and oligochaetes, respectively; Tremblay et al. (1996a,b) found a 
correlation between [MeHg] in chironomids and [MeHg]gg,d of r=0.78 (P<0.005, n=18) for a
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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 Cornwall) and Peninsula 
' Harbour using the same methods as the current study (Grapentine et al. 2003a,b), agreement 

between studies for log[Hg]i,,,, vs. log[Hg]se;d regressions is better for total Hg than for methyl Hg. 
The corresponding slope coefficients (Cornwall/Peninsula Harbour/St. Clair River) are: 

. THg in chironomids = 0.570 / 0.431 / 0.337
‘ 

o 
_ 

MeHg in chironomids = 0.160 / 0,163 / O.579- 
Results from this assessmentindicate that [MeHg]mv is largely determined by [MeHg]5ed. 

Observing positive relationships between sediment and invertebrate mercury concentrations is. 

evidence that mercury transfers from sediment into the food web, and the _relationship observed 

for [MeHg];n§, (chironomids) in the current study is stronger than that observed for the Cornwall 

and Peninsula Harbour studies. 

5.5 Predicted Methyl Mercury Concen'trat_ions in Receptorispecies 

-5.5.1 Integration of prediction outcomes 
‘ Models involving a range of biomagnification conditions were used to predict potential [Hg] in 

receptors. Five receptor species were considered to encompass the trophic levels linking 

sediments 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:
V 

- [MeHg],ec for exposed sites compared to [MeHg],.,c for upstream (references) sites; 
.’ [MeHg],ec relative to the 'Ij'RG;. _ 

C‘ 

A
C 

o How many receptors are predicted to exceed the criteria at each site; 
0 How many of the exposure and uptake scenarios result in exceedences; and 

i 

o How many sites exceed the criteria. 

The majority of sites are predicted to have [l\‘/[eHg],ec higher than the maximum [MeHg]m in 

upstream reference sites: 18 sites for the mini_mum scenario, and 15 sites for the intermediate and
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maximum scenarios. The critical outcome of the evaluation is whether or not the predicted 
[MeHg],ecrva1ues for exposed sites exceed the appropriate TRG as well as the reference site 
maximum [MeHg],ec. A summary of the sites meeting this condition for all exposure 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 
[Meflglrec 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 O_ exceedences; the intermediate scenario predictions 

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

interrnediate scenario, predicted [MeHg],e'c 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 greatest‘ 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 

J data available for 2- sites in Zone A that show the greatest sediment Hg contamination (sites 6663 
"and 6664). However, considering 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 locations would be high enough to cause exceedences of the TRG for fish. The TRG 
applies to cor_1_centrations'of MeHg in fishes,.and are for the protection of wildlife consumers of 
fishes. Some data are available for direct evaluationof the predicted tissue mercury 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-mammals. (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 w in liver. For mink, a similar criterion, of 5000 ng MeHg/g w in muscle or brain was 
suggested. This value of 5000 ng/g corresponds to 3.7 on the log-scales Figure 9. For the 
great blue heron receptor, the highest predicted [MeHg],ec in any of the scenarios is 3906 ng/g 
ww (site 6665), and for the mink, the highest [MeHg],ec prediction is 5745 ‘rig/‘Ag w for site 6665- 
(Table 13). Thus, [MeHg],.,cA 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 assumptions, each of which is associated 

with some degree of uncertainty in its relevance to conditions in St. Clair River. While it is 

beyond the scope of this study to quantify these uncertainties, those considered most important 

are identified here. 

Assumptionsregarding 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,)i 
could apply to the present studyizi 

o validity of the biomagnification model, 

o variability of the calculated BMF s and FCMs, 
o selection of the receptors of concern, — 

A 9 trophic levels at which receptors feed, 

o limitations of the toxicity database (with respect to the determination of TRGs), and
A 

0 effects of environmental cofactors and multiple stressors. 

Among these sources, the greatest contributor to uncertainty in predicting the trophic transfer of 
mercuryicould be the large ranges in the selected BMF and FCM values, These range over 1-1.-5. 
orders of magnitude between lowest and highest, and include all B1\/[Fs 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 probabili;s_t_ic approach was not a 

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 inherent in the literature- 

derived BMF data is the difficulty in assign_i_ng prey and predator species to discrete trophic 
levels due to omnivory. When omnivory is integrated with a continuous measurement of trophic‘ 

position (e.g., using stabl_e isotope methods), estimates of BMFS will generally be higher for each 

di_screte trophic level (V ander Zanden and Rasmussen 1996), Correct determination of trophic
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.3459 m2, respectively, based on models of Minns et (1996).) Measured [Hg] in recently 

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 large source of uncertainty in predictions of [MeHg],e¢ relates to .the 
exposure of receptors to Hg. These assumptions (listed in Section 2.2) are recognized as being 
conservative and limited in their representation of natural c‘onditi‘on;s_. Spatial (and perhaps 
temporal) heterogeneity in the distribution of THg and MeHg throughout the study area, and 
.aspects ofreceptor 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 u_nre_alistic is proportional 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 assumption 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 boundaries. If areas 
outside of the Hg-contaminated zones of the St. Clair Riverare not equally Hg-‘contaminated, the 

0 

actual [MeHg],_e¢ would be lower than those predicted by the models. 

5.5.3" Observed i’nercury‘levels in receptors from the St. Clair River 
Comparing the predicted [MeHg],..,.—, 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 andwildlife 
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 Walleye) (Grapentine et al. 2003a estimated the 
maximum individual foraging areas of the Longnose Sucker and Lake Trout to be.428 m2 and 

sampled receptors indicate actual, as opposed to potential-, biomagnification.
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A 1999 survey of sport fish contaminant levels included collections of white sucker, yellow 
perch and walleye, from the upper, middle and lower St. Clair River (MOE 2003b)..— Throughout 
the river, [Hg] in boneless, skinless fillets are similar for each species. For white sucker (n= 1 or 

2; 39 — 47 cm 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 theprediction model underestimates [Hg] in 

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

river). For yellowperch (n = 4 to 16, 15 -32 cm length), [THg] reportedly range from 90 to 570 

ng/g ww (mean of 250 ng/g), which generally falls Within both the intermediate and maximum 7 “ 

exposureand uptake scenarios (Table 1-3); For walleye (n =‘8‘to -15;" 29 Q 62 cm length), [THg] 
range from 100 to 970 ng/g ww, which also fallswithin both the intermediate and m'axirn'um_ V 

uptake scenarios (Table 13). Mean [Hg] are higher in walleye collected from the lower portion 

of the river (mean 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 i‘nte_rmediate-maximum scenarios. 

Observations 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‘concent‘r'ations predicted from the 

V screening level approach of this assessment are not overestimating actual tissue levels for the 

intermediate andthe highest level fish predator (perch and walleye) when using the intermediate 

(average) scenario. The methyl Hg predict_ions are, however, underestimating actual tissue levels 

for the adult benthivorous fish (sucker), 

56 Potential Risk of Adverse Effects of Mercury due to Bioinagnification 

Concluding that mercury originating from contaminated sediment could concentrate in the food 

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

(1) mercury in invertebrates from sites exposed in the past to industrial effluents is elevated 

relative to concentrations in invertebrates 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 upstream 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 biologicallyiavailable MeHg (Figure 8, Table 12). Regarding the trophic 
transfer modelling, based on outcomes for perch and walleye under the intermediate mercury 
exposure and uptake scenario, up to 14 sites could be c‘onside_red “of concern” because of 
predicted [MeHg]rec exceeding the maximum reference site concentrationand the TRG, 

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

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

If fish and -wildlife receptors are the concern, theappropriate spatial and temporal boundaries for 
assessing potential biomagnification are notthe 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 incorporating invertebrate contaminant 
bioaccumulation information into the framework works well on a site-by-site basis, fish and 
wildlife data require some form of spatial averaging 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 ‘assess exposure to contaminants acrossareas 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 
deterrnining 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 sampling 

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 2092 (Grapentine et al. 2003b). 

The application of tissue Hg" residue data thatare associated with adverse effects in other studies; . 

to evaluate potential risks to the receptors in the present study carries some uncertainty‘. The data 

come from different tissues,‘ 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 uncertaintyinj the extrapolation of results from one set of conditions to another 

- SEPA 1997c). 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”) 

eassurnption of the trophic transfer model, quantifying the probability that mercury from V 

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

5.7 Canada-Ontario Decis,ion,-Making’ Framework 

A risk-based, decisionamaking framework for the managementof sediment contamination was 
recently developed under the Canada/Ontario Agreement respecting the Great Lakes Basin 

Ecosystem using four lines of evidence (sediment chemistry, sediment toxicity, benthic 
’ invertebrate community and the potential for contaminant biomagnification)-. This decision 

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 possibilities (Chapman and Anderson 2005), where 

contaminated sediments: 
V

I 

1. Pose and environmental risk 

2. May pose and environmental risk — further assessment is required 
A 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 “O”, and sites with 
exceedences of a‘SQG — low (e.g., the Lowest Effect Level) by “O”. 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 “C”; and sites determined 
as potentially toxic or possibly different from reference by “O”. For the biomagnification ’ 

potential column, a “0”occurs when there is a risk to consumers of benthic invertebrates and
A 

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 a 

contaminant,concentration_s also fallwithin this scenario). Predicted receptor contaminant values 
that are > TRG and > the predicted maximum reference concentration result in a “O” for that 
site-. (Note: a “C7” in the. biomagnification potential column would occur if therewas significant 
evidence of 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 conditions, or no Hg biomagnification‘potential are 
i_ndicated by “O”. Interpretation of the overall assessment for management impl_ications also 
considers the degree of degradation for each line of evidence. Benthic community was not 
assessed in 2004. The potential for mercury biomjagnification.was not assessed at three sites 
because benthic invertebrates tissues samples could not be collected. Some sites show benthos 
alteration or potential toxicitybut are not recommended for further action; in these cases, the 

it 

benthosialteration is not judged to be detrimental, or toxicity is minimal (limited to lof l0 
endpoints measured), 

Sediment mercgry 
a . 

The SEL for Hg is exceeded-at 11 sites (9); the LEL (but not the SEL) is exceeded at 8 sites 
(0). 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
A 

Three sites fall in Band 2 (potentially toxic) and are indicatedby "»‘0”’. However‘, since only one - 

endpoint was affected for each of these sites (i.e., Hexagenia survival or T ubifigx cocoon 
production), and correlation to Hg was very weak or non existent, these sites are not 

- recommended for further action with respect to toxicity. 

Benthos Alteration 

Benthic invertebrate com_munity samples were collected at 16 sites in 2001 only.‘ Eleven of the 
‘ 

16 sites fall -in either of Bands53 or4 (0) (including 4 of the 5 upstream sites); however", 6 of 

these 11 sites have low (<60%) probabilities of belonging to any of the Great.La‘kes reference 

groups and therefore caution was used in interpretation of these data. ‘Most sites have high taxon 

diversity with enriched tubificid and chironomid abundances compared to Great Lakes reference; 

however, this is also indicative of the upstream conditions.lSome test sites‘ also contain speeies 

that are normally found in relatively clean environments (e_.g;, enchytraeid and some naidid 

worms, tfichopterans, mayflies, amphipods). Additionally, AN OVAs revealed no significant - 

differences between upstream and downstream sites with respect to community cornposition. _ 

Thus all sites are not considered to be impaired-with the exceptionof 6662 (Zone A). Site 6662 A 

has low taxon diversity (2 taxa) and is highly enriched in tubificids and thus is‘ considered to be 

impaired. (Site 6662 also has a relatively high probability (68%) of belonging to reference Group 

3_) 
. . .

. 

Biomagnification Potential 

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

CCME TRG of 92 ng/gp ww and above the predicted reference maximum under average 
conditions (intermediate exposure and uptake scenario) (0). Actual Hg concentrations in 

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

of the 15 fish collected from the lower river fall within the maximum scenario predictions). The
- 

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

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 .invertebra‘te cornmuni 

potentialrisk 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
_ 

Most test sites have sediment mercury levels elevated above upstream reference sites. The 
highest sediment mercury concentrations are found alongthe industrial sector (Zone A; up to 
25X the SEL), and elevated concentrations extend to thebottom of Stag iIsland.(Zone B; up to 

- 1.9x the SEL). 

~ ~ 
Most sites where benthic communities were assessed (2001 sites) show strong evidence of 
different communities-compared to Great’Lakes‘reference, primarilyvdue to enriched Tubificidae 
and Chironomidae and high taxon diversity. However, about half these sites havelow 
probabilities (<60%) of belonging to a single Great Lakes reference 'g’r‘o_up'; therefore, results 
were interpreted with"caution. Comparison of benthic communities in the river indicates no 
differences between upstream controls and test sites. Correlation between the benthic community 

' composition and sediment [Hg] is weak except perhaps forsome sites in Zone B (r2 = 0.44).
I 

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

- Hexagénia survival at two sites (Zones A and B) and reduced Tubifex cocoon production at one 
site (Zone B). Elevated sediment mercury is not correlated with observed toxicological response. 

MercL_1ry biomagnification potential 
The purpose of thevbiomagnification 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. Dete’rmin’ing 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;
V 

B. Determining if‘ concentrations of THg and MeHg ininvertebrates are related to 
concentrations in s_ed,i_meI_1t.; and 

C. 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 mainfindings are: 

‘A. Total and methyl -mercury concentrations insediment and invertebrates (chironomids, 

oligochaetes) at the majority of sites exposed.to-historical industrial discharges (Zones Aiand 

B) are elevated above those at upstream reference sites. This indicates that Hg is e 

V 

bioaccumulated by benthic invertebrates in Zones A and B of the St. Clair Riverto a greater 
degree than in upstream reference sites. 

B._. Concentrations of total and methyl mercuryin sediment are significantly predictive of 
I 

concentrations in oligochaetes and chironomids. This suggests» that sediment [Hg] affects . 

invertebrate [Hg]. Adjusting for effects of other sediment covariables (e.g., iron and 

manganese) improves the sedimentsinvertebrate relationship for MeHg. 

C.» Under the intermediate (average) exposure and uptake scenario, the number of sites predicted 

to have receptor [MeHg] higher than the maximum r'efe'rencesite receptor [MeHg] and to V 

exceed the TRG for the‘ protection of fish-consuming wildlife are: 
C I.

C 

, 
.> White sucker - 0 sites 

> .Yellow perch - 7 sites 
> Walleye - 14 sites 

A

_ 

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,
I 

due to uncertainties associated with predicting receptor [MeHg] values and conservative 

assumptions of the assessment. Reducing uncertainty in the predictions of mercury 

biomagnification in the St. Clair River AOC would be best achieved by identifyingjta more 
narrow range of appropriate BMFs, and by quantifying the actual exposures of receptors to 

dietary mercury. 
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Decision makin 
_ 

framework forsediment 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. However, due to the high [Hg] in 
the sediment at these sites and the strong relationship observed between sediment ‘mercury. and 
benthic invertebrate mercury concentrations, it was determined that these two sites would likely 
require. the need to fiilly assess the risk of biomagnification. One site (6662-‘Zone A) requires the 
need to determine reasons for benthos alteration and the remaining 9 sites require no further 

' 

.

, 

action,
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Figure 1. Location of sampling sites in the St. CI_ai_r River (2001 and 2004).
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Figure 2. 
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Total mercury in sediment (from F lett Laboratory) from exposed V(ye‘llow-Zone A; 
grey-Zone B‘; blues-downstream) and upstream reference sites (green) in the‘ St.) Clair River. "The: 
dashed line indicates the 99”‘ percentile for upstream (reference sites). Sediment quality) 
guidelines for_Hg are also indicated: provincial lowest effect letlel (LEL) and severe effect level 
(SEL); federal probable effect le_vel (PEL). Sites are ordered from upstream to downstream. 
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Figure 9. Continued.
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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; Thorbum et al. 
2003) are indicated next to the site code.- 

Site Location 
8 8 

8 

'Nort'hing ' 

Site Depth (111) 
6660 Upstream (131. Edward) 3840570’ 

8 

' 

47608130 8.6 

6648 (MOE 6A) Upstream (Samia Bay) 
’ 

3846840 47595830 8.5 

6697 Upstream (Samia Bay) 384878.7 
88 

47593847 2.3 

6661 (MOE 263) Upstream (Samia Bay) 384854.0 "4"75‘9‘340.2 14.4 
6698' Upstream (US) 

A 

3‘83036.6 47563829 2.8 

6662 (MOE 47) 4 4 

ZoneA 383125.0 4755719.7 
' 

4.0 

6.663 
‘ 

-z‘oneA 382906.9 4755515.5 ~ 
884.3‘ ” ' 

6664 
4‘ 

ZoneA 
8 

382468.4 4755126.0 
’ 43.3 

6665 (MOE 75) ' 
8 

Zone A 3822014 47548752 
7 4 

5.8 

66M76 
8 ' 

"“zoneA 3818720 47543870 
“ 

3.3 

6699 (MOE 115) 
A 

4 

ZoneB 38l104.7 47520162 2.3 
66M262 

8 8 ' 
4 

ZoneB ' 

381099.5 ‘475"19“284.0 0.6 

66M272 
_ 

’ 
Zone_B 38o95o.1 47541‘3i04".9 1.66 

66.66 (Mo1381'43')8‘ zoneé 380918.1_ - 

8 

8, 4‘75“1‘253‘.2 1.0 

66M253 
' 

-zones 380901.08 
88 

4751087.0 . 2-.6 

66M271 
' 

ZoneB 380953.8 47509214 0.8 

66M144_ 
F ‘ 

Zon'eB 380958.8 4750760.6 - 

1.0 

6667 (MOE 100)“ Zone 13 38l039.8:/ 4‘7’50’32'8'.9/ 52.1 / 1.5 

381046.0 4750320.0 
6‘6M80 zoos) 4' 

381106.4 4750i074I3“" 
‘ ‘ ‘ 

2.0 
66M269 zone}; 3871195.-5 47499960 

'8 ' 

“'23 
6668 (MOE 147) ZoneB8 

88 

381070.73 4749103-.4 
” 
3.3” 

"66‘M'264 ZoneB "‘380750.0 4748263.0
‘ 

6669'(Mo1i:14'8)’“ zones 83806314/' 47‘47605‘.-5/ 0.7-/0.9“ ‘ 

4 

I 

380627.5 4747603.3 
66101 Mouth orisziby Creek 379976.8 47434541 0.5 
6654 (MOE 58) stokes 1‘>t’whan* 378941.2 

A 

’ 

4’7‘3”2‘33“5.2 0.6 

665.1 (MOE 74) 138%-‘I’<iortli Channel (US) 368342.l 
' 

4720012.9 2.3 
‘collected in 2001 an 2004 * 

~~

’

75



“Table 2-. Environmental variables measured at each site 
A

' 

I 

”F:ieldi 
_ 

' H 

Water Sediment Biota 

Northing Alkalinity Trace Metals _ Total Hg 
Easting Conductivity Major Oxides Methyl 

A

‘ 

Site Depth Dissolved Oxygen Total Phosphorus 
H" O 

:1’ ' 

M M . 

Nitrates/Nitrites, Ammonia 
1 

‘Total Nitrogen 
A 

_ ' 

pH ‘ 

Total Organic Carbon, Loss on-Igriition 

Temperature" Percents Clay, Silt, Sand, & Gravel _ 

H A 

Total Kjeldahl Nitrogen Total and Methyl Hg
' 

Total Phosphorujs Polycyclic Aromatic Hydrocarbons, 
A 

Total Polychlorinated Biphenyls, 

Organochlorine Pesticides 

Table 3. Literature derived BMFs for the receptors of concern. For each receptor, the number of 
trophic levels removed from benthic invertebrates (Level 1) is indicated. For each transfer between 

‘trophic levels, the lowest and the highest estimated BMFs (from Table A1) are used in calculating the 
food chain multipliers. See text for further details.

I 

.H. 
V ' 

I" 
. . .. Vi.‘-‘.:..'_ 

.. . .

‘ 

Receptor 
A _ 

Predator Type :fl'°’;';‘: 
'°"°"’ °' 

alvlfis (low | med | hlgh) of rra_nsrer 
b p r 

:3‘-' ~'>“‘-"""'°" "°‘” ' 

Adult Yellow Perch small pi_sc,ivorous_ fish 1 - 2 - 3 333 x_5 17.15 

Walleye large piscivorous. fish 1 - 2 - 3 3.43 x (1-.12 | 3.20 | 
32.40) 

_ 

3.84 | 10.98 |_'1,11.’1 
I 

1-2-3-4 3.43x5x2_.40 41.1.6 

Great Blue Heron piscivorous bl_rd_ 1 - 2 - 3 3.43 x 6.60‘ 
_ O 

(23:32. 
A 

1 - 2 - -3 - 4 -3.43 x 5 x (0.851 2.37 | 6.80) . 14.58 |40.6_5_| 116.6 

lMink piscivorous mammal 1 - 2 - 3 3.43 x (1.70 
| 
5.20 |22.64') 

A 

5.63 | 17.64 | 77.66 

1-2-3-4 -a.43x5x(1.7o|4.7_0|10.00) 29[.16|80.61|171.5

76



Table -4-. St. Clair River overlying water characteristics. (values in mg/L unless otl,1_e17wi_se noted). 

Alkalinity Conductivity’ 
V _ 

. 

_ M Tota1_ Temp 
(p.S/cm)‘ 02’ 

V 

1 
- Ph§$Ph0IUS (°C) 

.4 20.3 8.63 .-.15 19.7 

.9 8.62 0.1 
' 9 

81.1 
K 

. . 9 
. 

1 - 0.1 
79.9 . 

' 

, 
. 18.8. 

8 -.;5 9.60 
, 

1 
7 

v 

. 
r 

19.4 
80.2 - 

. , 

— 1 ~ 

’ ‘ 

Z - 

1 .4 
- 9.46 v 

. . 

‘ 

' 

_ 
_ 

19.4 
7 - 

8 

. 

' 

.7 
‘_1 « 

» 

. 
. 19. 

9.07 . . 

7 

3 

' ’ 

. . 

6

8 

7 
6 

* .332 . . 

’ 

. 7.1 
7 3 0.3 

7 
'

7 

8.81‘ 0.314 . 

8 47 ' 0.342 
80.7 8.15 

A 

33 ‘ 

. . 0 
’ 

8.0 0 34 - 5 » 
— 

. 

V 

9.0 
82.4/» ’ 

i 

1 / 0.322/ 0.442 0.020 0 

.1 / 1 19.3 / 18,4 
1 

’ 

1 

- .00 . 0.385 0.018 .17 . 17.7 
79.2 

‘ 

3 8.40 .3 . 

16‘ 
. 

' 
' 

0.1 18.2 
_ 

8.67‘ 1 
‘ -° 

, 

0 

0.17 
66M264 91.1 1 

’ 

. 

' 

8.95 ~ 
' “ 0.011 . 

» 0 8.1 
82.5 / 79.4 225/ / 0.023 8_.0_8 / 8.;1 , 

, 

>0. / .1 19 / 18.0 
— -55101 . 79.9 209.1 8.39 0 ’ 

3 

, 0-.-1 7.4 . 

. 79.4 . 1 .31 
_ 

~ 

. 
-° 7.98 1 

» 
A 19.0

’ 

222 
_ 

H 
8. 0.316 -“ .98 » '8 

. 1 .1 
‘ not measured; " 2001 and 2004 results; °exceedir1g the interim quality objective (total phosphorus should not exceed 2_(_)pg/L to avoid nuisance 
concentxgfions of algae in lakes,- MOE 1994b) 

_

'
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« Physicfil characteristics of St. Clair Riversediment (top 10 cm). 

61 
0.00} .99 

‘ 6
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Table 6. 

Laboratory). Values exc_eeding the provincial Severe Effect Level are highlighted. 

Location
, 

Site 

6669 

Month of 
Stokes5P't Wharf 
- s 

“ not from Flett Laboratory -' 
laboratory repeat; field replicate ' 

101.
‘ 

6654
1 

Total Hg
_ 

(118/8 dry weight) 

-.0 

0 0 

0.01 

16 

.47 

10 

1.41 
5 1.91

5 

1.46 (3. 

. 13 
7 . 

0.73 
1.59 

1.65 (1.79)° 
.52

' 

. 2 
0.36

~ 

shown are Caduceon 

89 

Methyl Hg 

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

(ng/g dry weight) 

1.7 
0.9 

0 . 

9.0 
l2.3v(10.8)_" 

16 0. . 3.0 15.0‘ 

16. 

9.4 
1 

4.9 
7

. 

7.5 . 

- .1 

3.8 
. . L2 

2.3 
‘flaboratory~ 2004 repeat; °
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Table 7. 

Laboratory) (values in pg/g dry weight unless otherwise 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 
' 

’T'ota’l‘ ’ 

Total Loss on A1203 As Cd Co Cr Cu H 

.Kjeldahl Organic phosphorus Ignition (%) 
'

- 

NW3?“ C*“'=°“.("./°> 
. . 

~-(%). 
‘ 

. .. 
- 

. __-. 
Detectionzimit 10 0.1 3 0.05 -0.01 5.0/1.0 1.0/0.5__._ 1.0 N 

._1.0’,_ 01.0 
6660- 247 1.2 133 9.7’ 6.7 6.9 _ do <1__ _ 

"1.0 ‘ " '4.1 ' 

6.8 

6.648 .957 1.8 222 10.6 5.8 ‘<5’ <1 
_ 

.3.2_ 6.4 12.7 

6697 407 1.4 181 "f_10.6 7.1 <5 <1 
_ 

2.0’ ’5.3,_- A 

6661 M678“ 0.34 255 4‘ 8.9 5.8 <5 <1, _ 7 _ 
2.7 

' 

6.4 1311 

“6698 
" “ 

"450 - 2.3 191 7.1 5.8 __g§ g 

4 

1.7 
' 

5.3 11.8 

6662 .585_ ’”2,5_" 
‘ 

236‘ ._8.4 5.9 <5 
3 

1.0 _ 1 

” 
3.8 

" 
21.4» 

6663 5420' ’ 3.2» 194 12.9 _7.1 <5 f“‘1‘.0"; I 2.9 18.8 17.6 

6664 274 0.5 123 7.5 5.1“ 
' ‘<5 ' 

<1 1.1 5.5 21.9 

6665 386 0.6 ‘7'.'9 
" 

4.1 <5 <1 
‘ 

1,8 . _ _6_.1 
' 

T614‘ 

66M76 440 ,-_1.9. 375 13.9 5.32 
’ 

3.0 <0.5.,_ 6.3.0 
A 

15.0 19.0 

6699 1170 1.9 351 12.6 6.1 <5 <1 2.7 _8.2 
” ‘ 

27.6 

66M262 5.80 ,_0.8,_, 
‘"203 10.1 5.2 "4.0 .<0.5 _ 320 12.0 12.0 

6.6M272 1250 
“ 

1.5 355 1.4.2 5.56 - 3.0 .. 
” 
75.6’ 4.0 15.0 22.0 

6666 ‘391 1.5 237 8.6 5.8’ 
" ‘<5 _1.0 2.6 6.5 14.9

_ 

66M253 2610 2.5 _ 
772 ..f__i8I2 5.83 4.0 0.6 5.0 ..1,6..,0. 

" 

33.0 
66M2_71 

' 

» 490 1.1- ,_ 
.”f3'12 . 5.65 5.19 2.0 

‘ 

. 0.5.. . 3.0 "16.0 19.0 

66Ml44_ . 790 
" 

0.7 346 7.58 7.27 . 

' 

6.0 “0.6 6.0 21.0 16.0 

6667“ 
4‘ 

930/1360 2.3/1.7 239/353 10.9/13.1_ 5.9/5.6” <5/‘4.0 <1/0.9 3.9/5.0 7.9/18.0 20._1//29104 

"66M80 ‘ 

840 0.8 274 . f_f_1.o.2 5.14 3.0 
’ 

0.7- 4.0.. . 

.' 14.0 
‘ 

18.0 

66M269 750 .1.1 _ f277 
‘ 

11.8 5.46 -3.0 [0.6 M 3.0 22.0. 16.0 

6668” 534 0.94 202 9.2 5.5 <5 
4” 

<1 2.8 7.1 131.3 

66'M264 
4 

750 1.1 . 241 . _. 9.18 5.36 . 4.0 .<0.5 3.0 _ 
16.0 - 14.0 

555914’ 13307953 2.0/1.o""3s7‘/321_ 11.9/10.7 6.4/5.5 <5‘/“3.0 1.0/0.8 3:0/4.0 9.9/27.0‘ 21.0/170 

66l01~ .190 0.6. 144 
‘ 

5.06 5.29 1.0 . .<o.5 2.0 6.0 4.0 

6654 342 g_ 6 
0.4 153,, 5.2 - 3.5 

_ 
<5 

‘ 

<1 1.4 3.8 5.9 

it 6651 
’ 

834 1.6 266 9.9 
V 

6.4 <5 <1 .3,-._-5. M _. 7.7 ‘‘22.7 

LEL 
_ _ _g 

__550 1' 600 . - 6.0 0.6 ‘- 
__26_ “16 

_ 
SEL 4800 10 2000 

_ __ -- 33.0 
' 

10 V 

_4 - 110 110 
"2001 ai1'd.2004 results; "QA/QC site, values represenfthe avéragé of three field replicates 

’ '
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Table 7. Continued. 

Site Fe Mg Mn Na Ni P205 Pb S102 V _‘ Zn 
.- (%) (%) (%) . ...(%). . . (%) ' 

z>e:e‘cmm"1im1t. __0..__0_1;_W 0.01 1.0 0.01 A 1.0 0.03 ‘1.0’ 
V, 0.01;” 1.0 1.0 

6660 0.47‘ j '13‘ __l63 0.029 10.9 0.07 20.1 6716 
‘ 

Vj_j_6.5 , 14.1 
6648 0.71 1.8 207 

‘ ' 

0.030_ 
A 

15.3 0.15 25.8 
‘ 

65.8 9.5‘ "33.8
_ 

0, 
6697' 0.57 1.7 185 0.030 126' "f 

2 
0.10 19.8 64.5 8.9 20.1‘ 

6661 0.65 1.5 206 0.029 13.8 0.10‘ 24.0. 702 8.8 37.9 
6698 0.55_ 1.5 5145 

_ 

0.029 12.9 0.11 17.3 73.7 
’ 86 41.9 

6662 "098 
_. 

1.7 
_ 

154 0.028 15.6 
' 

0.09 
‘ ‘ 

22.5 65.8 9.7 63.44 
6663 1.22 1.7‘ 

‘ 

172 10.031 34.2 0.08 22.9 57:6’, 15.1 88.8 
6664 . 0.56 1.0 125 

‘ 

0.025 . 12.5 0.09 16.3 71.3 
‘ 

7.8 
5 

0 
35.7 

6665 
. 

0.69 1.0 142 0.027 13.9‘__ 0.09 14.7 74.6 8.9 49.7 
66MT6' 

T 0.87, 1.5’. 
1 

206 .009 11.0 0.04 .. . 
11.0 61.3 20.0 69.0 

6699,; 0.81 1.9 209 0.032 
7 

18.3 .0.13 24.6 63.0 10:9 
‘ ' 

56.8 66M262" 'T.'o._7.5_. 1.4 173 -008 9.0 
‘ " 

‘<0.03. 1. 8.0 68.6 18,0 5'9-0 
66M272 0.89 ...2j19 « ..011- 17.0 0.04 9.0 - 61.8 25.0 82.0 
6666 0.74 1.8 185"“ ' 

0.028 14.5 0.12 24.4 67.3 ______ _, 9.5 43.7 
"66M253. 1.07’ 1.5 237 .010’ .-_15.0 0.12 15.0 57.9 ‘”'213.0. 

:1 9.4.0. 
660/1271 

' 

0_.5.8._ ., L1 129 .006 7.0‘ <0.03_ 6.0 77.7 15.0 86.0 
66M144 1.35 

' 

"111. 
. 242 .010 20.0 0.04’ 10.0 69.7 27.0 61.0 

6667“ 0.85/0.95 1-.9/ 1.6 "2321/(230 0.030/0.011 20.2/ 14.0 0.12/0.04 35.-5/21.0 630.8/60.0 17.8/24.0 49.0/83.0 
' 

66M80 0.75" 1.3 183 .010 
1’ 

, 9.0 <0.03 47.0 66.9 
1 

..['17.o 6810 
66M269 0.82_ A 

1.5 210 .010 
. 

510.0 0.03 39.0 64.8 - 19.0 
" 

68-0 
6668" 0.71 ‘1.7 180 0.029 17.8 0.11’ H 

5 

31.7 
‘ 

69.7 9.4 45.1’ 
. 

66M264’ ‘ 

0.81 113' 
’ 

177 ,.00.8 _ . 10.0 <0.03 23.0” 
A _70.6_ 16.0 72.0 

_ 

66§§‘b 0.94! 0.84 1.9/ 1.4‘ 218 / 177 0.028 /’0.010’ 19.7/ 11.0 0.12/0.03 38.0/ 41.3 62.3 / "12.7/ 19.0 55.7 / 70.0 
66101 0.44 1.0 101.” «.006 4.0- <0.03 7.0’ 

1 

__ 78.6 11.0 34.0 
6654 0.38 0.7 68 0.02i5_,_V_ 

2 9.0 . 0.05 11.1 
" 

81‘.1”‘__ 6.9 14.0 
6651 ‘"095 

,_ N_M_1.9 238 5 ‘0.029. 20.6" A 0.17 25.2. 67.7 
‘ 

’12.‘5‘f 68.6 
LE1: 2% - .460‘ 16 

_ 

- 31 - 
" 

— .120 
SEL 

_ 
4?/;;’[ 6_ , 

- 1100 - 75“ 
;_._ V 

- 250 - — f820__ ‘ 2001 and 2004 resu_l_ts; °QA/QC‘site,'v'a1ues represent the average of three fie_1d rep_licat_es '

81



Table *8. 

Site

7 

6669' 
' 

0. 

66 
7

’ 

6651 

Table 9a. 6

1

5 

21 

0.488

3 
0.504

1 
0.503 
0.733 
0.677 

.032 
- 0019' 

H. 

0.03 

0.5 07 
0.4
7

0

9
0 
77. 
11 

0009 

0:013 
0. 90 
0. 

5. 

0. 

. 1* 

.001 
0.002 

0000 
. 0.001 

5 0.000 
0.000 
0.000 

0.000 
O. 

1 

, 
0:000. 
.000 

00. 

0: 

0.000 

Mean abundance of dominant macroinvertebrate families (per m2), taxon. 

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

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

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 aijeabsent 

are highlighted. 
0 

_

V 

' 

I 

"Ref. Gp..3 ‘Ref. Gp. 3 %oftotal_ 
A in M

_ 

Family Mean %Occurrenc'e Ab_u1_1dan_ce 6660 6648 6697 
Pmbability (94) ofref. - - _. 50.4 62.3 43.1 50.3 73.3 
Group3meml_3ership 

V 

- 

_ __ _ 

No. Taxa (SD) 8.6 (5)_ — - 
‘ 

9 '18 10." 
" 8“ 2-3 

Chimnom[ida.e. 
7 

'"1"2‘1”l-9 100 37.7 
. 6838.3. 20812.1 3015.7 16948.1 15686.4 

Tubificidae 620.3 94.1 19.3 
" 

”24s1.'2* 45819.0 12123.0 l9722.6__ 15876.4 

Sphaeriidae 402.7 82.4 12.5 - 0.0 
i 

0.0 0.0 0.0 0.0 

Naididae _ 
0208.4 66.7 6.5 ‘ 

1o1.2_ 
' 

775.8 180.9 422.2 2237.5 

Va1vatida.e..." 755 45-1 2.4 .. _ 0.0 0.0 
' 120.6 0.0 0.0 

'Sabe1_1idae 160.2 41.2 570 
7 7 

0.0 0.0 0.0 0.0 _ . 0.0 

Asellidae 
’ 812.7 

. 31,4. .. 
2.6 0.0 0.0 0.0 

7 

"0.0 
. 9.0 

Ephemeridae 44.3 
. 

31.4 1.4 0.0 9.0 . 60.3 6.0.3 9.0 

BL1;§sT BAND 
9 

- - - 2 
A _ .4. 3 4 4 

K.

82
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Table 9b. Mean abundance of dominant macroinvertebrate families (per m2), ‘taxon 
diversity, and BEAST difference-from=re’fer'ence 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 %of . % 6662 6663 
of ref- - - 

. 67.7 51.0 Group 3 membership 3 ’ 

8.6 5 4 = 
- .16-' 

1211.9 100 1 3258.6 
.1 . 56 5 0 944.5 

7 - 

G 

. 0.0 - 

208.4 . 

‘ 
0.0 - 236.1 

75.6 » 0.0 . 

‘ 

0.0 
160 

7 0.0 A 0. 
44.3 . 

. 
. 0.0 - 

. 0.0 
- . 

- .. 
' ‘

1 
“QA/QC site‘. Numbers represent mean 

_ field replicates. ' 

Table 9c. Mean abundance and diversity of macroinvertebrate families (per m2), and 
4 

BEAST summary results for 2001 St. Clair River sites predicted to reference Group 3: Zone B 
. sites and site near Stokes Pt. Wharf. Families expectedto be attest sites that are absent are 
highlighted. 

_ 

‘Ref. Gp.3" Tfef. Gp. 31 %oftotal 
Family ‘Mean "/o.,Qc_currence _Abundance 6699 6666 6.667 6668“ 6669 6654 
1‘r0babi1ity(%)0fref- 

. 

- 
. 

G 

- 53.0 58.6 60.4 54.9 46.9 77.1 Group 3 membership
- 

No. T42cd"(S1)) . 8.6 (5) - - 
A 

’ 

14 13 
' 

6 41614 
_1_8 _ 16 

Chironomidae 1211.9 100 37.7 1326.'97452’-3.5 7358.3 2564.8 11037.4 4768.9 
Tubificidae. 620.3 '94_.I - 19.3 47165.3 47647.8 25271.4 9711.0 59650.2 1394.2 
S haeri.idas: 

‘ 

. 402.7 82.4 
' 

12.5 0.0 0.0 0.0 5.5’ 1085.6 0.0 
Naididae 208.4 _, 66.7‘ 15,5 60.3 1441.5 1930.0 37.5 3o1'.“"6” 4610.0 
Vaivatidae 75.6 T4511" 

, , 2.4 603.1 965.0 0.0 __ 9.0 1326.9 0.0 
. sabellidae 

" 
..160.2 41.2 . 

5.0 0.0 0.0 0.0 0.0 0.0 0.0 
Asellidae 

‘ G 

82.7 31.4 2.6‘ 
' ' 

0.0 0.0 0.0 0.0 0.0 0.0 
Ephemeridae 44.3. 

_ 
31.4 1.4 0.0 0.0 0.0 0.0 4.0.0 0.0 BEAST BAND - - - 4 

. [4 3 3 4 '_ 3 

'

~ 

‘ 

.

1 

.

l 

'QA/Q'C site. Numbers represent the ave'rage_of three field replicates. 
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Table 9d;._ - 

A 

Mean abundance of dominant macroinvertebrate families (per m2), 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. 
Mean 

) of ref. - 

Group 1 membership . 

of ’ 2 
‘ 6.8 .0 

8860.9 

Valvatidae
B

1 

% Occurrence .

84



ll 1 19 if I j -I -= j 1 £1 .% :1 i% 1 % % % 1 

Table 10. Mean percent survival, growth (mg dry weight per individual) and reproduction in sediment toxicity tests, and BEAST 
difference fi'om-reference band. Toxicity -is highlighted yellow; potential toxicity italicized. 

‘ 

* 

i 

V 
. 

1 
T ubifex ", 

A 

. Tubifex BEAST 
I 

Chironamus Chiranomus , Hyalella Hyalella ’ Hexagenia Hexagenia No. Tubifex‘ ~ Tubzfex ' 

5 

v~ No. BAND Site 
I Growth %Surviva1 Growth ’ %Sun/iva1 . Growth %Surviva1 Cocoons/Ad. %Hatch %Surviva1

; GL ref mean i 

1 

0. 35 I 87.1 0.50 85.6 3.03 96 9.9 57 98 29.0 ‘ »- 

~ 6660 0.46 94.7 - 0.49 . 

- 90.7 - 3.22 * 100 
' 

.12.3 
' 62 - 100 27.8 1 

. 

‘ 6648 0.34 85-.3 ‘0.69 ‘ 93.3 9.82 5 100 12.2 - 54' 100 30.5 1 
, 

6697 0.38 82.7 ' 0.56 97.3 . 6.03= - 
- 

l 98 ‘12.0 i '57‘ ‘ A. 100 27.7 7 1 I 
1 

-6661 0.36 86.7 0.64 
V 

76.0’ ' 7.14’ 98 -152.5’ 59 ‘ 100 36.7 . 

' 1‘ 1 
6698 0.58 94.7 0.70 " 84.0" 8.32 

. 
96 13313 

' 53 100 35.7 1 
6662 0.46 92.0 0.62 94.7 7.20 100 12.2 44 v 100 25.6 1 
6663“ — - 

‘ ‘ 

— ~ - 
. 

- - — 
' 

- 
' 

- - - 
6664- 0.37 E 96.0 0.69 98.7 

' 

3.20 78 
, _ 11.1 .55 100 24.2 2 

6665 0.49 ’ 

‘ 

97.3 0.86 98.7 
. 

' 5.06 100 , 112.3’ '59‘ 100 26.9 1 
66M76 I 0.37 96.0 0.53 91.7 . 

8:24‘ 100 
1 

1' 11.5 ‘ 53 - 100 28.7 1 
6699 '3 0.48 94.7 

1 

0.69 93.3 . 
2? 6.62 100 

i 

11.6 53 100" 25.7 1 
66M262 ' 0.48 88.0 V 0.42 « 

I 

94.7 1.59 100 ’ 

. 
9.3‘ 56 ' 100 ' 22.0 1 

66M272 0.32 92.0 
I 

' 0.38‘ 86.7 
1 

7.49 100 ' 10.8 
_ 

53 
' 

_' 100 25.4: 1 
. 6666 0.38 90.7 0.67 94.7 2.13 76 

I 

10.6 , 53 100 ' 

19.8 2 
V‘ 66M253 0.39 84.0 

' 

0.60‘ 97.8 7.65 ‘100 10.5 . 52 3. 100 27.9 
_

1 
66M271 0.39 92.0 0.34 92.0 1.00 92 10.4 51 100 V 34.8 1 
66M144 0.30 85.3 0.26 ' 81.3 

. 2.52 
1 

. 98 4.7 53 100 * 

l 

‘ 6.1 2 
6667" 0.38/0.39 97.3/93.3 0.77/0.37 98.3/80.0 1.8.00/8.58 - 

= 96/100 125/] 1.6 57/53 100/100 I 
= 24.1/30.0 1 66M80 0.36 

. 93.3 0.69 94.7 '1 

, 
7.69 I .. 100 12.5 A 54 100 

. 
i 

= 33.9 1 
66M269 

. 0.26 
; 

‘89.3 » 0.55 90.7 ’ 

. 9.08 if 98 11.3 1 48 . 100 7 

5 

23.2 - 1 
6668 0.46 73.3 0.61 97.3 6.79 ‘ 100 12.0 

' 

1 56 100 23.5 1 
66M264 0.45 89.3 , 0.47 94.7 . 7.17 100 .7.8 ' 

' 48 - 100 15.4 -1 
5 

6669" 1 

' 0.40/0.39 93.3/90.0 0.67/0.52 98.3/89.3 
. 
7.013/8.83 98/100 1,0-.19/10.5: 

1 

57/54 » 100/ 100 26-.6/37.3 1 
E 

I 

66101 0.27 82.7 I 0.29 
I 77.3 ‘» 3.79 

i 

- 1,00 
’ '11.3 I 157 100 26.15 1 

1' 

. 

i 

.- 

‘ 6654 0.48 92.0 
1 

0.49 3 

I 

90.7 1 3.65 
' 

100 l 

5 

12.8 , 

' 62 ‘ 100 32.3 1 
i 6651 0.32 - 

6 

97.3 . 0.50‘ 
‘ 

97.3 E." - 7.24 
. 100 I - 13.1 58 

' 
' 

100 27.9 1_ 
Non’-toxic° 0;49v— 0.21 67.7 ’ 0.75 — 0.23 67.0 

f 
_ 

5.00 -— 0.90 ” 

85.5 2 

V 12.4 — 7.2 - 78 — 38 88.9 46.3 - 9.9 - 
Potentially toxic 0:20 — 0.14 6716 — 58.8 0222 — 0.10 66:9—57_.l < 0.80 — 0 85.4 -80.3 

_ 

7.1- 5.9 3.8 — 28_ 88.8-84.2 
V 

9.8 - 0.8 ’

- 
Toxic <:0.l4 < 58.8 <‘0.l0 <-57.1 

' 

negative ' 
- 

K 

< 80.3. ' 

‘. < 5.9 <128' < 84.2 < 0.8 - 
l':;(r>tests performed (see Section 3.1’ for details);,'’ 2001/2004 results; °Upper limit for non'—toxic category is set rising 2 x standard deviation of the mean.and indicates excessive growth or
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Table 11. 

invertebrates. 

' 

Site 

6648 

6661 
- 6698 

6663 

6665 

66M262» 

“ no data; duplicate; 
° ifepeatanalysis; 

Total and methyl mercury concentrations (ngl g dry weight) in resident ben_t_hic_ 

12 
31 

;1 1 

17 
. 

_ 

. _ 
. 3 

297 8'.’ 

. 7 . 

’ 
- - 

326 (458)‘’ 102 80 (78 16.1 (22)? 
’ " 

* 1.8 . 

'- 

279 
. 

-' 17.6 - 
- 

, 

' I . 

2 . 

' 

8. 
' 

’ 1.2 0 
duplicate repeat analysis; ° 2004 repeat; laboratory triplicate 
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Table 12. 

invertebrate taxa based on sediment Hg concentration alone (“A” models), and sediment Hg 
Prediction of whole body concentrations of total and methyl Hg in resident 

concentration + other sediment physico-chemical variables (“B” models). The groups of 
multiple predictors listed are fromthe models that best predicted [Hg]inv using sediment and 
water variables, [Hg]s..,d was retained in all models. 

Model. .» 
. 

_ 

" Coefficient 

otal. 
Chifonorriids ' Bi ” 

Total 
Oligochaetes 

Methyl Hg
V 

. Chironomids 

Hg 
Oligochaetes
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Table 13. 

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

guideline (92 ng/glww) applicable for fishes. 

White 

10.0 

11.7
1 

14 

13.8 
17 

13.3 7

1 

171
7 

25.3 
7.8 

Blue I-Ie'I"'o’n 
nied 

; 

fishes .[MeHg] > 92 ng/lg 

Predicted methyl mercury concentrations (ngl g wet weight) in receptor_ species; 
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Table 14. Exceedences of criteria for predicted mercury concentrations inreceptors based 
on three exposure and uptake scenarios for the St. Clair River study; The tissue residue 
guidelines (TRGS) are 92 ng/g w for fishes and >5000 ng/g w for wildlife (see text) (n = 19 
for St, Clair'River sites; n = 4 for reference sites). 

Number of sites where 
Receptor Scenario [Hg]m > TRG and 

reference maximum 
Sucker Minimum 

I I I 

I 10’ H M 
Perch Minimum-. 3

' 

Walleye Minimum 0 ’ 

Heron 
_ 

Minimum 0 

Mink Minimum I

0 
Sucker’ 

I 

Intermediate 0 
Perch 

_ 

Intermediate I7 

Walleye‘ Intermediate 14 

Heron Intermediate 
I 

« 

I

O 
"Mink Intermediate 0

I 

’ 

Sucker Maximum 
_ 

1' 

_ 
Perch Maximum 14- 

Walleye ' Maximum '15 

Heron Maximum 0 
Maximum. s

1 Mink 
_

'
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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 Level (SEL)_ for mercury (Flett 

Laboratory) are indicated by “O”, and sites with exceedences of the Lowest Effect Level (LEL) by “O”. 

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

toxic or different/very difierent are indicated by “O”; and sites determined as potentially toxic or possibly 

‘different from reference by “O”. 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 further action; in these cases, toxicity is minimal 

p 

(limited to l of 10 endpoints measured) and does not appear related to sediment Hg and benthic 
communities are not deemed impaired. 

Site 
I 

.

I 

Assessment 
(priority=zo'ne) . 

vSe_dirnent 

Total 

Hg 

*.

1 

Benthos-Alteration 

(200l.on'ly)' 

Hg 

Biomagnification 

" 

Potential’

‘ 

ons needed 
No further 

actions needed 
No further 

reasons for,
F 

F assess risk of 
of

L

o 
assess risk of 

.F of 
~ 

' of bi 
No further 
F cation 

‘ 

risk of
' 

assess risk of
' 

of ' 

assess o 
F assess o 

101 - ; F assess f 

5554 
i needed 

6651 No further
‘ 

"no data; of was 
_ 

fi'orn the high sediment and the 
_ 

between Hg in the and Hg in‘ 
the bentlric invertebrates (see Sections 5.5.1 & 5.7 for details).
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APPENDIX A. A 

Lit‘erature,Reviev‘v of Biomagnification Factors
A 

1.0 Introduction 

This literature review was carried out to provide supporting information for the ‘assessment of risk of 
biomagnifrcation 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’ ofa 
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 1997 by
I USEPA (1997a,b,c). Obtaining the information required to estimate mercury concentrations in receptors involved 

reviewing pu_blished literature, unpublished reports, databases, web pages and any other sources of data on BMFs 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 infonnation on the BMFi’s deterrnination (e.g., location of study, 
organisms involved, proportion ofreceptor’s diet that is invertebrates, eflects of cofactofs (if any), assumed 
ingestion rates and home ranges). The following criteria were applied to screen literature to obtain either BMFs'or_

' 

candidate datasets for calculating BMFs, after Suedel et al. (1994) and Gobas and Morrison (2000): .
V o If organisms that were presentedewere 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 selectinga study of mink feddiets of different proportions of
_ "contaminated and uncontaminated fish (Halbrook et al., 1997), since there was a reasonable likelihood that A’ 

these fish species would have been part of their diet. ’ ' 

'2
“ 

Z 

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

VBMFS 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 ispresented below on the assessment of comparability of d_i_fl'erent 
systemsand species. 

. 

There were few studies that quoted BMF estimates specifically forthe receptor species and_ feeding relationships 
defined in Figure Al’. Of the small number of studies that calculated BMFs that were directly comparable in to - 

the food chain model, most were from freshwater pelagic foodwebs. Some were also studies in different ecosystems 
(marine, temperate montane freshwater, tropic freshwater). Thus, it was necessary to use the n1os_t 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 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 similarfeeding habits and dietary composition, similar 
range, similar feeding substrate, and similar food ingestionzbody weight ratio. Sources for this infofrjnation were CCME ( 1999), CWS“ (2002), Sample and Suter (1999), Scott and Crossman (1973), and.USEPA ( 1997c). A breakdown of the number of BMFs obtained/calculated per'feed_ing relatio_nsh_ip, and the range of corresponding BMF values is presented in Table A1. 

1.1 Terminology 

Biomagnification is the process at by which the chemical concentration in an organism exceeds that in the orga'nism’s diet, due to dietary absorption (Gobas and Morrison 2000). The biomagnification factor (BMF) is an empirically-derived measure of the rate of contaminant transfer between the organis‘m’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 (F CM) is used to quantify the increase in contaminant body burden through uptake fi'om the food chain, but is defined as the factor by which a
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substance at higher trophic levels exceeds the bioconcentration 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 BMFs, TTCs, and PPFs are unitless, and the concentrations used to derive them are usually 
expressed in units of rnassof 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, 'I‘TCs, and PPFs can be applied to specific trophic levels, as well as individual species 
in a.fo‘od chain (U SEPA, 1997b). The term BMF will be used in this document in referenceto biomagnification 
factors, predator-prey factors, -and trophic transfer coefficients acquired from the literature. 

2.0 Methods 

2.1 Literature Search 

- The literature search was done using typical methods of electronic database and chain-of-citation searches as well
A 

consultation with leading researchers in the field of mercury, ‘ecotoxicology and risk assessment. The following 
a electronicdatabases were used to search primary literature, secondaryiliterature, grey literature, and intemet _ 

resourcesizi 
A

» 

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 (U SEPA)- various databases of _governrnent,publications 
"US Army Corp, of Engineers (USACE)- various databases of government publications 
Integrated Risk Inforrnation System (IRIS) 

A 

» 

.
~ 

Environmental Fate Database (EFDB) 
V 

Oak ‘Ridge National Laboratory (ORNL) publications
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‘ 
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- 
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. 

_ 
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A
H 

SEDIMEN'I>‘i 
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. 

Figufie A1.- Generalized foodweb model fer’ the assignment of trophic level to biomagnification factor estimates. 
i 

«\
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In addition, the following journals were individually searched for recent and upcoming articles: 

Archives of Environmental Contamination and Toxicology 
Archives of Environmental Health . 

Bulletin of Environmental Contamination and T oxicolo 
Canadian Journal of Fisheries and Aquatic Sciences 
Chernosphere 
Environmental Pollution 

. Environmental Research 
Hydrobialogia ' 

Journal of Great Lakes Research 
Science of the Total Environment 
Water, Air, and Soil Pollution 
Water Research 

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

The search was focused on the period 1996-2002, as a thorough review .of the literature 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 usingsthe food chain model (Figure A1). This was done to allow comparison of . 

BMFs. from different systems/foodwebs, as well as to conceptualize the transfer and rnagnification.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), 

Unfortunately, this literature survey did -not yield any stable ‘isotope studies on benthic freshwater food webs, and 
.estimates’of'BMFs will generally be higher for each discrete trophic level (Vander Zanden and Rasmussen, 1996). 

therefore system-specific BMFs based on continuous trophic position could not be obtained for lower trophic levels. 
Twogsuch estimates for trophic levels 3 and 4 respectively, were obtained from pelagic foodwebv studies. 

2.3 Selecting Biomagnification Factor’ Estimatesor Candidate Datasets from the Literature. 

B1VIFs, afier Suedel et al. (1994) and Gobas and Morrison (2000): 

0 If organisms that were presented were not from a logical food chain, or no evidence was presented that the 

_ 
The following criteria were applied to screen literature to obtain either BMFs.or candidate datas_et_s for calculating 

‘ 

_ 

feeding relationship between predator and prey was a functional feeding relationship, the paper was not used, 
One exception to this rule was made in selecting a studyvof mink fed diets of different proportions of 
conta'in‘in'ated and uncontaminated fish (Halbrook et al., 1997), since there was a reasonable likelihood that 
these fish species would have been part of their diet. 

0 Mean concentrations oftotal Hg or MeHg needed to be presented ‘for both predator and prey, and in 
comparable units. a 

V 

.
_ 

0 Unless evidence of comparability could be found, studies from non-freshwater systems or with non-:' 

comparable species were not used. More infonnation is presented below on the assessment of comparability 
ofdifferent systems and species. 

2.4 Calculation of Biomagnifieation Factors from Candidate Datasets 

Biomagnification factors were calculated from mean concentrations of total mercury and/or methylmercury from 
literaturevusing the equation (Gobas and Morrison 2000): 

the
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1 

BMF= C3/CD 
where: 
CB= mean contaminant concentration in the consumer (receptor) species 
CD= mean contaminant concentration in the diet of the _organism 

In all cases where BIVIF s were calculated from mean concentrations, the calculation was for the mean concentrations 
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 -_' A12. - 

2.5 Comparability of Species and Systems 

There werevery few studies which.quo'ted1BMF estimates for the receptor species and feeding relationships defined 
. in Figure A1. 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 different 
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 EMF 

' 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:-Abody weight ratio. Sources for this infonnation were CCME (1999), CW 
(2002), Sarnpleand Suter ( 1999), Scott and Crossman_(1973), and _USEPA ( 1997c). .» 

. 

' 
1 ' 

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

thought to vary due to abiotic and biotic factors (U SEPA, 2001). T__he USEPA, in developing national 
bioaccumulation factors to assess the risk to human health of mercury exposure, indicatedthat these factors are 

/poorly understood and 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, 
'speci_ation, and ‘methylation of mercury in the sediments and water column (Downs et al., 1998; Greenfield et -al., 
2001; Meyer, l998;'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 Iowertrophic 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 , 

bioac_cumulation_in all cases examined (USEPA, 2001). -

A 

It was also suggested (as discussed above) that much of the uncertainty around applying BMFs from different 
systems maybe 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 si_mil_ar 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 
biomagnifrcation (BMF=5 .4 versus 3.0) than for a comparable freshwater temperate system (Power et al., 2002). 
Unless the relative comparability to temperatefreshwater systems was demonstrated, studies from marine, arctic 
marine, and tropic freshwatervwere not used to select or derive BMFs. 

3.0 Results 

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

. 

I Primary lit_erature- 61 references
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Secondary literature— 5 references 
' Grey literature- 14 references 

Of those 80, only 11 yielded appropriate BMFs or datasets, following guidelines set out in section 2 above. 
However, anumber of the _references_ (Cantox Environmental Inc., 2001; Suedel et al., 1994; USEPA, 1997a), were 
reviews which synthesized BMFs from several sources. Along with BMF estimates, the following supporting 
information was gathered: - 

. 

7

. 

Range, standard deviation, orstandard error of BMF estimates 
a T rophic level of predator/receptor V 

Type of study (field, laboratory-, modeling, review) 
Prey species 

V 

. 

A. 

Predator species 
Mercury parameter (total Hg or Mel-lg) . 

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

_ 

Biological rnediumsampled , 

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 relationship, and the range of corresponding 
BMF values is presented in Table A1. . 

‘ 

_ 
_ 

» H 

' 
’

. 

Table _A1- Breakdown of resultsof literature review for each hypothetical feeding relationship 

Total a_nd‘Methyl Hg BMFe' 

Trophlc # of
- 

Feeding Relationship levelslof Esumms Low Medium" ‘ High 
. 

comments 
transfer _ 

' 

_ _

. 

Benthiclinvertebrates _to forage 1- _ 2 1 3 43 3 43 3 43 . High BMF calculated from benthos [THg] 
or benthivorous fish . 

' ' ' ' values which are below DL excluded. 

Benthivorotis or forage fish 
T 

2 _ 3 1 5 5 
W y 

5 

K
V 

small piseivorous fish __ _ _ V ~ 

Benthivorous‘ or forage fish to‘ 
— 
2:5 8 1 12 3 20 32 4 

large piscivorousfish 
V L W _ t 

A 

' ' 

j _V V ’ 

Benthivorous or forage fish to 
' 

A 

_ 

H W 
. 

p 8° High THg valuefrom heron "with ambiguous 
piseivorous bird 

_ 

2 3 1 
_ H p p 

58° 63° ' 

feedin94,fv?l_8§.g[1f>hlP§l_mPP°d-
_ 

Benthivoreus or forage fish ‘_ 

T A 

5 O 22 64 High THg value from fu_r/hair excluded. Hg fonn 
piscivomus mammal 

7 __ 

2 3 1° 1'70 
_ A 

_ 

‘ given as total and methyl for most values, 

Small plscivorous fish to large 
“ 

4 
i 

1 2 4° 2 40 Z40 
pjseivomus_ fish 

' 

' ‘ 

__ _ _ 

SW3," pj.s°iV9.mus fl-sh t° 3 - 4 6 0.85 2.37 6.80 High THg vmues from plumage excluded. 
piscivorous bird 

7 
_

_ 

Small piseivoroujs fish to 
V i 

3 4 9 1 7° 4 7 1° 00 H9 form given as total and methyl for most 
piseivorous mammal 

' ' 
' Values- 

‘ "Mediulf1" = datum if n = 1,‘ frTéd_ién'if'ri > 2 _
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Table A2. Summary of literature-derived biomagnification factors by trophic leAv'el. 
Talile 32- summary of Lnemune-Derived Blomagnmcatlon Factors by Trcphlc Level 
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Table A2. Continued. -

' 

Table B2-summary of Literature-Derived Blomagnlflcatlon Factotshy Trophic Lave?! (cohliriued)
n 
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‘fable A3--Data summary and calculations from Suédel et al., 1994 

Note-H data ‘fromliterature used to derive BMFs (reported as trophic transfer coefficients’ (TTC§)) were expressedin . 

‘
I 

comparable‘ units measured in o'r'ga‘nisms'which were part of functional food chains/feeding relafionehips.
' 

' 

Table Data summary and calculatlonstrom Hughes, 1991 -
. 

Location . Fea‘th'er'IYP‘(-1-‘6)”,. Faéuieiérverzoi (4:-is); _Er "sIYP 2o . 

St. Mary's River _ _ 12.33 15.74 - ‘1'.07 ' V 

1.36 
Georgian Bay 

' " ‘ ‘ ' 

_ 12.00 , ...._'21.71 2.05 ’ 3171 
Eawartha Lakes 13.58 - 

’ 

11.64 , ,, _1.83 __ '_ 
, 1.57 — 

Mean BMF - 

._ 
A 

14.60 ' " 
1.9:! 

Notes- YP=yei|ow perch.- (4-5):ye|low perch aged ‘4-5 years, (20): 20 yellow perch. Data presented are unitless B__MFs_. Mean BMFs a'iw'e’fo‘r mercury in feathers and eggs, averaged for both. groups of prey ‘each. Mercury concentrations used 
to derive BMFs were uglg dry weight total Hg. .. 

Table A6- Data summary and calculations from Neumann and Ward, 1999

1 

.9

~

~ 

Notes- TP=top predators- largemouth bass. smallmouth bass, and chain pickerel. Mercury concentration values used to 
derive BMFs were expressedin uglg dry weight total Hg. '

, 

Table A6- Data summary and calculatlonslfrom Bowles et a_l., 2001 

2 —> 3 _ 1.78 Mean BMF 1.55 

Note-A. bemy.i=gr_oove-snouted c'atfish1’..cha!‘areus=_seven-spotted archerfishs. klfiflfi-'s8Plk garpike;'I'.scratchleyi=giant freshwater anchovy. L. calcenffen barramundi. All concentrations used to derive BMFs were expressed as uglg wet weight MeHg.
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Table A7.- Summary ol EMF: used In UsEPA'e (1997) PPF calculatlon 

smelt, 

"DUI. (.50 cm) 

Table All- Data summary and calg:'u_latl_qn_s from Ben-David et al.,; 2601 

’ 

N_ot_e- all mercury ceneentretions used to calculate BM!-Ts were expressed as mglkg dry weight to'tal,Hg. standard errors 
werethose reported in the study. Both intertidal and fresrmaler fish Hg cenéentfations were used due (9 stable isotope 
dietary analysis which indicated a significant portion of intertidal fish in diet.

' 

Table A9-' Data auinrnary and cfilculadons [or Des Grange: at al., 1998

~ 

BMF er Habitat Livers Kldlié 
" " 

‘Brain [Muscle
' 

BMF Develo , . .542 . .713 0.711! 
’

. 

BMF Natural ;, _ ,_”}l 
' ‘ 

LQBOI 
' ‘ 

.'893I 
‘ 0.984I . 

Mean BMF ‘ ‘ ‘ ‘ ‘ “ .311 V 306 0.848 . 

Note- concentrations are expressed in mglkg dry weight _to_laI Hg. "l_3e_veloped" areas are nesting sites on hydruelectric reservoirs. 

‘ 

Table A1o- om s_urr_[r_nary and calculations from Harhmk et el., 1991 
mean I-la!‘- 

' ‘M3 
1 3.4141 _ 

, .35 1a.c3~ 25200 
23.13 89.60 
19.77 » 86.50 

Mean BMF - 13.92 -22.64 
" 

’1os.2;s 

Range . 12-17 20-25 87-14§ 

100‘ 

Y‘

E

E



Table A11- Data s"u‘rr'In'Iary and calculations for snodgrass at al.. 2000 

".9! H9] 

VNate- ber_1thivo,ra= lake ohubsjucker, top predator: redfin pickerel, Gmeanweoinetric mean. All concentrations
. are expressed inug/g dry weight total Hg. 

V

- 

Table A12- Data summary and calculations from Fra_m_:ls et_ al,.r, 1990 

Nol:a- Ben_lhps= qligochaetes, larval Chimnomids, Ceratdpogonidae. Chaoboridae. Carp and catfish were grouped intos_r_nall and large 
size classes to reflect their variable trophic level with size. Func_ti_onal feeding relationships were defined in the study. BMFs were 
only derived for total Hg. Mercury cbneentrafiohs were expressed as ugly wet weight of total Hg and MeHg. 

101



Table A113. ' Summary infonnatidn to compare alternate’ species- to receptor species. 
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APPENDIX B. Mercury Concentrationslin Biota (Wet Weight) 

Table Bl. 
7 

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

7'‘ Total 
Site. Chironomid 
6660 -3 — 

,.7
. 

6697 34.89 
666‘ 

, 10. 1 
1 

10.15 ' 

1.50
. 

. 5 7 
51.65 67.92 

41.01. 
17. 1 

48.1 
171 
616.5 

17 
- 

. . 7 
66M269 .— 

6 

. 
‘ 

V 27.25 
71 ~ 

. 
' 7 

72 
7 1 

e

1 

' 

37.64 
41.74 
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Table B2. Methyl mercury in benthic. invertebrates (convened to ng/g wet weight). 

BIOTA — M l 

8 ' 
' 8 

2. 0.56 
' 

- 0.05 
3.42 . 

‘.1 

4. 7 . 0.40 
1.53 0;82 

8 . 

V 8 

8 - ‘a. 
- 33.50 . 

17. 4 ' 3.52 
'

V 

6.35 > 

' 

2 
. ~. .02 

6.64’ 4.30 2.34 1.. 

13.50 .4 p 2 
-2.81 -~ 

1.3 

3. 

V 

- 66M271 
66M272. 
66M76 -

‘ 

. I.°Pea._t 
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APPENDIX C. Total Mercury Data (Caduceon Laboratory) 

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

Location _ 

' 

V 
_Total Hg: 

A 

' 

(us/g dry Weight) 
0.-07 

1.04 
0.

' 

.041 

0.03 
0.1 
49 0 -'

0 
2.70 
2.99

~ 

2.56 
' 

— 1 5 
66M2e53 

. . 

6 

1.33 
71 , 4 
144 -

~ 

7“ 11.711/2. 9 

66M80 . 

1.65 
6668 V 1 9 

- 2 O / M 66101 »0. 
6654‘ 0.27 

Delta - 1 66 . 

’

. 
" 2001 and 2004 results; site, values represent the average of three field replicates

~ 
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APPENDIX D. Organic Contaminant Concentrations 

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

com ponent 
- 1.2.3.4-tatrachlorobenzene 
1.2.3.5-tetrachiombenzene 
'1 .2. 3—h'ich!9mbenz.ene 
1 ,2,4,5-tetrachlorobeflzene 

A 1,2,4-—trichlprobenzén'e 

1 ,3.5'-tn'chlor07ben‘zene 

2,_3,6-trichlonotoiuene 

2,4,5-trichjorptglgene 

2,6-dichlorobiefnzyl chlofidé 
a-‘BHC (hexachl0ro0yCIohexa‘n'e)

' 

a-Chlordane 
Acenaphthene 
Acenaphthylene 

' 

Aldrin 
Anthraoéne 
b-BHC (hexachlorbcyclohexane) 
Benzo(a)anthracene 
Benm(a)pyrene 

’ Benzo(b)fluoranthene 
Be.nz.°(9.h.i)pe.0'|ene 
Ben"z'o(k)fiu0ranthene 
Chrysene

_ 

d10—phenanthrene 
d'12-chrysene 
d8-naphthaiene

0 

Diben'zo(a,h)_an_tjuacene 
. Dieldrin 

Endosulphanl
I 

Endosulphan II
_ 

Endosulphan sulphate
' 

En_drin 
0 

Flfioranthjéne 
Fludrene . 

~
K 

‘ 
g-BHC (hexachiorbcyclohexane) 
g-Chlordane 

' Haptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Héxachlorobutadiene . 

Hexachloroethane 
Indenfo(1.2.3-c.d)pyrene 
Methoxychlor 
Miréx

' 

V 

_ 

Naphthaierfe 
Octgchlorostyrene 
op-DDT 
Oxych|o‘rda'n‘e 

Mus; total 
PCB; total 
Pentadilofobenzene 
Phenanthrene 
pp-DDD 
Zpp-DDE 
p'p-DDT 
Pyrene 
Toxaphene 

6648 66_97 6661 6698 6662 
<_ < < < < 
< < < <' < 
< < < < < 
< < .<. 

V 
< 0_00 

< < 0.004 <’ <- 

< < - < 
. 
< 0.056 

< <~ < < < 
< 

_ 

< < <‘ -<' 

<- < < <. < 
< . < <' < <. 

< 
_ 

< <' 
. < .<' 

< < 
, 

< <— 0.14. 
< < < <' 0.04 
< < < < < 
< < < < 018 
‘< 

' < < < 
I 

<' 

< < < < 05 
< < ' < 0 < 

_ 
o_52 

< 0.04 < ' 0.04 0.82.. 
< < < < 0,32. 
< < 

. 

< < ,.0.34
' 

< 0.06 0.04 0.04 0.8 
0.096 0.094’ 0.099 0.091 0.094 
0.082 0.091 0.089 0.088 0.084 
0.11 0.1 0.11 0-11 1 

< < < < 008 
< <' < 

_ 

< - < 
.< < < < <‘ 
< '< 

. < < 
_ 

<‘ 

< _< < < ‘< 
- < 

_ 

< < < <5 
0.06 - 0.08 0.06 0.08 1.9

> 

< <v < < 9 016 
< < < .< < 
< <'_ <' < < 
< < < < .—< 

< < < < ~< 
0.002 0.002 0.004 v< 0.065 
< ' < < < 0.2 
< < < < 0.016 
< < < < V 044 
< <_ < <_ < 
< < < <_ < 
< < < < 

_ 
0,3 

_ < < < < 0.11 
< < < < < 
< < < < ' < 

0.16 0.3 0.2 0.28 9.94 
<' 0.06 0.08 < 0.06 
< < < < 0.017 

0.06 0.06 0.06 0.06 1.7 
<' < < < < 
< <_ < < < 
< <' < < < 

0.04 0.06 0.04 0.06 1.6 
<. <. < < < 

.0 

V 
.0 

I\aiI\-I\c3I\I\I\ 

0,. 

6665 
- < 
0.004
< 

0.01
0 

<1 . 

0.05 
<
A

N 

A‘: 

0.08
A 

0.04 

C 

0'9 

A;9;; i 
B) 

‘N

G 

.°.°

' 

l\AI\Q|\3I\/\A.'AI\ 

.<. 
~. 0.11 

0.26 
- 0.008 

< 
<
< 

0.14 
0.036 

'<

< 
1.68 
0.14 
0.013 
0.34’
< 

0.004
< 
0.3
<

O 

G3-h_ 

6699
< 

0.002
< 

0.019-
< 

0.026 

_9_. 

_.o 

/\()/\b/\I\'/\I\/\/\/\ 

.00 

:>

3 

0.08 
0.08 

0.14 
0.094 
0.086 
0.099

A 

.°.° 

A./\Ao.-/\AA'A.A 

.< 

0.19 ' 

(0.15 
0_._005 

- < 
<
< 

0.12 
0.093"
<
< 

‘L36 
0.1 

0.016 
0.32
< 

0.004 
<-. 

0.24
< 

030) 

6666
< 
<_. 

. < 
, 
0.011 
,< 

0.016
<A 

.:_o 

/\I\_I\I\o/.\,/\I\. 

05

< 
0.42
< 

6667 6668 
< v 

<' 

0.003 < 
< _< 

0.008 0.01
8 

< . _< 
0.02 0.022 
< < 

0.01 .< 
< <~ 

. < <. 

< < 
< ’<. 

< '_ < 
< ’ 

<_ 
<- <

' 

< < 
’ 0.12 0.1 
.0.08_ 

_

< 
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 
< < 
‘< < 
< 7 < 
< '< 
‘< < . 

<. -. < 
0.32 0.34 
0.04 0.04 

<' 
_
< 

< .< 

< < 
< . <_ 

0.18’ 0.03 
0.077 0.036 
0.003 < 
< 0.08 

. < < 
< <

' 

0.06 .< 

0.053 0.02 
< < 
.< < 
1.68 1.54 
0.16 0.1 
0.01 0.006 
0.32 0.28 
< < 
-< < 
< < 
0.3 0.3 
< < 

0.012 

6669
< 

. 0.002 
<

< 
0.028

< 

I\Ql\I\I\'A 

A-AA 

A303 

0.04 
0.16 
0.097 
0.087 
9 

/\_s 

_| 

v.°>.° 

l\l\I,\Ao.a/\:Al<\I\l\

. 

"‘°°v' 

0.11 
0.06 
0.005 
<
<
< 

0.04 
0,038 

<.

< 
v 1.118 

0.2 
0.01 1 

0..-2.2 
'<

< 
0.24
< 

0.002
. 

6654 6651 
<. < 
< < 
< V < 

0.009 .< 

< .< 
0.01 < 
< ‘< 

< < 
. < < 
< < 
< < 
_< < 
<2 <" 

< — < 
< < 
<- .< 
<‘ < 
.< . <. 

< 0.04 
—<. < 
< < 
< 4 0.04 

0.092 
' 

0.095 
0.086 0.085 
0.099 0.098 

<. -< 

< < 
_< < 
< < 
< < 
<' < 

" <' 0.0 
< < 
<, < 

, 

<_ < 
<' < 
< 

4

< 
0.02 0.005 
0.017 < 
< < 
< < 
< < 
< <' 

< < 
0.011 < 

< < 
< < 

0.08 0.28 
< 0.06 

0.003 < 
0.04 0.08 
< < 
< <1 

< < 
0.04 0.06 
< <. 

106



Table D2. Organic contaminant concentrations (ug/g dry weight)s in Clair River sedirnént (2004 sites). 

SITE 66M76V 66M262" 66101 ,66M80; 66M27‘l‘ 66Ml44 “M272 “M264 6667 “M253 66M269 6669-1 6669-2 6669-3 Component 
‘ 

MDL Units
, 

Aroclor-10.16 0.033 uglgm <0.041 < 
. < < ’< < < < ‘~< <0.045 ‘< < < < 

Aroclor-1221 0.042» " 
. <0.045 < '< 4 < < ‘ < <— < < <o_o49 < <' < <- 

Aroclor-‘1232 0.050 \ 
" <0.062 < < 

' 

‘ < <‘ < < 1< < <0.068 < 
. 
< < < 

Arodor-12,42 0.043 " <0.046 < < 
. 
< <' '< < < < <0.050 < < < < 

Aroclor-1248- 0.032 " <0.034 < < < < < < < < <0.038 »< < < <
_ Aroclor-1254 0.059 " <‘ < <» < < < < < < < ‘ < <. < 0.096 

Aroclvor-1260 0.031 " '<0;033 € 
. < < < '< < < < <0'.036 < < ’< 0.083 

Aroclor-1262 0.044 " <0.047 < < 
. 

< < < < < . < <0.052 < < < < 
Aroclor-1268 0.054 —<0.058 < - < .< . < < < < < <0.063 < b <; < < 
Total Pcns 0.059 1' <0.062 < <- < 

4 

< < <‘ < :< 1 <0.068 - < < < 0.18 
Hexaehlorobutadiene 0.010 ‘mg/kg‘ 10.077’ 0.099 _<0.01»1 0.03 0.022 0:017 0.031 0.032‘ ' 0.037 0.043 0.044 0.053 0.082 0.028 
Hexachlorobenzene 0.010 " 0.59 

. 0.079 0.015 
' 

0.041‘ 0.03 0.0243 0.068 - 0.029‘ 0.89 = 0.072 0.034 0.12 0.072 0.087 
Octachlorostyrene 0.010 0.075 .0.04 <0.011 0.028’ _0.013 0.013 1 0.026 0.015 0.027 0.026 0.025 0.048 0.053 0.043 
Surrogate Recoveries % ' 

'
' 

4,4‘-Dibromooctaflburobiphenyl 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 4 75 74 67 73 
Surrogate Recoveries % < W 

; 
_ 

' 

. I ’ 
' 

v

. 

1-,4-Dibromobenzene - 90 81 77 70 
' 

56 421 57 0 63 72 71 65 V 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—Ieh'abromobenzene 1 97 94 96 106 - 67_ 54 73 69 . 99 ' 101 80 ‘ 70 77 77 Hexabmmobenzene 107 

V 

102 103 ' 9,7’ 77 ' 66‘ 2 103 91 117 94 
‘ 

1'05 
0 

102 99 95 

.« 

LOL



Table D2. Continued. 

SITE 
I 

66M76‘ 66|1I|262- 66101 66M80 66M271 66M144 66M272 66M264 6667 66M253‘ 6.6M269' 6569-1 6669-2 6669-3 
Component . MDL Units ~ 

0 
_

. 

Naphthalene 0.010 mg/kg 0.25 0.1 < 
, 

. 0.049 0.28 0.039 0.13‘ 0:044 0.075 0.061 0.047 0.039 0.049 0.044 
Aoenaphthylene 0.010 

' 

" 0.045 0.027 < 0.026" 0.014 1 0.042 
_ 

0.058 
_ 
0.031 0.02 ' 0.026‘. 0.02 0.042 0.04 0.038 

Aoenaphthene 0.010 " 0.11 0.059 < ’0.072 ' 

0.036 0.045 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 '0.15 . 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 
Anthraoene 0.010 " 0.14" 0.096 < 0.096 0.069 0.066 0.1 0.07 0.073 0.063 0.056‘ 0.09 0.1 1 0.088 
Fluoranthene 0.010_ " 0.25 0.17 0.022 0.117 

' 0.12 _ 0.097 0.24 0.17 0.19 0.11 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 0.26 . 0.26 0.18 0.2 0.48 0.5 0.47 
Benz(a)anthracene 0.010 " 0.13 0.087 < 0.121 ‘0.074 0.05‘ 0.14 

_ 

0.075 .0;'11 0.059 0.086 0.15 0..17 —0.1-5 

Chrysene 0.010 " 0.19‘ 0.12 _, 0.021: 0.135 6 0:172" -0.076 0.19 0.11 _0.15 0.12 0.111 0.19 0.21 0.2 
.Benzo(b)fl'uoranthene- 0.010 0.12 0:064 - < 0.076 0.041» 0.034 10.15 - 0.068 0.097 0.064‘ 0.072 0.12. 0.15 0.13 
Benzo(k)fluoranthene 0.010 " 0.029 -0.011 < 0.012- <. 

V 

5 < 0.027 0.01-1 0.026‘ 0.011 0.015 0.028 -0.031 0.03 
Benzo(a)pyrene 0.0.10 " 0.16 0.077 < ' 0.085 0.042 ''0.036 0.17 0.066 - "0.11 0.069 0.08 0.15’ 0.16 0.15 
lndeno(1.2,3-cd)pyrene 0.010 0.071 0.03 

' <' 
0 

0.032 0.013 0.014 0.078 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" 0.027 0.023 0.024 0.037 0.039 0.04 
Ben_zo(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 

_ 

2.8 . 1.7 ‘0.1 1.8 1 .5 
‘ 

1 .1 - 2.5 1 .4 1.7 1.3. 1 .3. 2.1 2.4 2.1 
Surrogate Recoveries % - 

’ 

‘ ' 

_

' 

Anthracene-2H10 _ 
_ 

' 

86 . 85 89 ’ 83 8-1 ‘83 V82 84. u 85 87 83 84 84 82 
Chrysene-2H12 

' 79 580' 
_ A81 82 * "82 

0 

. 81 .78 78 80 479 78 
_ 

80 82 79 
Benzo(a)pyrene-2H-:12 . 

' 96 96‘ 
1 

'99 - 98 . 

' 

99. 97_ ’ 94- 96 
_ 

96"" 95 94‘ 
‘ 97 98 96 

-3OG
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APPENDIX E. 
Table 

Invertebrate Family Abundances 

Invertebrate families identified in'the St. Clair River, 2001 (densities expressed as number/m2). 

mean of three field QAIQC site; vélxle 
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Table E2. Relative d'en’sitie‘s (%).olflmaj;or macroiinverteblrate take in St. Clair River, 2001. Reference‘ site dataincludes the ‘means of 
upstream sites in the St.‘ Clair River (n_=5)' and the -mean of the Great Lakes reference sites «(Reference ‘Group 3‘, n=51). 

A ' 

' 

’ 

. Zone B

OH



. 
1 

2 
'

- 

. 
. . . 

Table E31. Macroinvertebrate taxa identified in the St. Clair River, 2001" (densities expressed as 

UPSTREAM. DOWNSTREAM §fie 5565 6643 8697 G31 66“ ~ 

. 6662 6663‘ 6664 . 6665 6689 66 6668 6669 8654 1- 

..i 1.: .5 
cu. Ollgochaeta 

.

' 

Fufincnytraeldae ‘- 

K 

. 
. .

. Enchytraeus - 0.11 - - - - - - :- - 4 0.60 0.20 0.12 - 0.75 - 
Mesehchytraeusv - - 0.20? - 1.01 I 

- - 0.04 0.04 - - - - - 8.00 5.07 0.20
I F..LumbrlcuIldae 

. 

‘ 

.
v 

Edipldrilussp. 0.07 - - - 0.07 - 
' ' 

- - 
' 

- - - - 
_ 

- 0.40 ' - - 
F..Naldldae 1 

'
' 

Allonais pecfinata 
‘ 

- - - - - - 0.15 . . . . . - - - - - 
Chaetogaster dlaphanus - - - - . - . - - . - - - - 0.07 - 
Chaetoggster diastmphus - - . - .. . . . - - - 0.20 - - - - 
Dero digitata - 0.04 - - - - - - - - - 0.20 0.09 - - - 
Demftiroata - - - - - - - 0.11 - - 

. 
- - - - - .- 

Naisbretscheri - 0.07 - - 0.15 - - - - - - - - - 0-22 - 
'Nais.c0mrnunis - 0.04 . - - — 0.15 - - - -. - - - - - 
Nais elinguls . .’ - . . - - - . — - - - - 0.04 - 
Naissimpiax - - - - 0.89 - 0.04 - - - - - - -- 0-22 - 
Naisyarlabilis — 1.60 - - 2.68 - - 0.34 - 0.20 0.40 - - 0.20 14.02 - 
Ophidonais setpemina - - — - - - - - - - - - 0.01‘ - - - 
Palanais frici - - - - - - - -- - - - 5.80 0 02 - - - 
Pu‘ 'na acuminata . . . - 0.37 - - - - - - - - - - - 
Pristina aequiseta - 0.04 - - - 

, 
. « - -. - - - - - 0.20 - - 

P.;.f;na?jeri|<inae - 
, 

. 
0.07‘ - - - - - 0.15 - - - - - - 0.56 - 

Pristina_.leidyi - - - - 0.07 . - .. - - - - — 0.40 - - 
Pris1ina‘o_s‘bomi- - 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 Iacustris - .- 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 - 
Vejflovskyella eomata - 0.07 

_ 

- - 0.19 - - - - - - - -. - - - 
Vejqowkyellaintermedia - -_ - - - - 0 04 0.04 - - - - - - ‘- - 

F. Tublflcldae
. Aulbdrilus arnericanus - - - . - - - - - - — - - - 0.15 ' - 

Aulodrilus limnobius - 0.04 - 0.20 - - - - - - - 0.01 1.20 - - 
Adlodrilus pigueti - 1.66 0.60 2.60 0.07 0.20 0.07 1 23 - 2.00 3.00 11.00 0.93 12.00 0.04 3iB0 Aulodrilus pluriseta - 0.04 - - - - - - - - - - - ’ - - - 
l_Iyodri|iJs1emp1stoni 

' 

- 0.93 - - 0.46 1.20 0 04 0 04 - -0;40 - 
‘ 

- 0.24 5.20 _ 
- 0.60 liimnodrilus cervix - - - 0 20 - 0.40 - - - - - - - - - - 

Iiimnodrilusdaparedi MS - 0.11 - - - - .- - - - -. - - - 0.04 _-
, Llmnodrilus hcffmeisteri - 2.16 0.20 1220 1108 

3 

- 0.56 1.79 - 0.60 1.80 1.40 0.47 6.00 0.07 2.00 -Limriodiilus maumeenis - 0.37 0.40 0.20 0.04 ' 1.60 - 0.04 - 0.20 - - 0.01 030 - 0.80 Limnodtilus Udekemianus 0.04 -2.50 220 1.00 1:83 420, -- 0.07 - 
V 

6.60 4.40 2.00 0.1.4 
, 

2.40 0.37 0.20 Potamothrix moldavienaia‘ 0.15. A 0.30 0.80 0.40 - 1:86 ' 

. 1.20 . 0.07 0.22 0.26 0.40 0.40 -. 
, 0.14 - 0.22 1.40 Potamothvix vejdavskyi 0.15 0.07 ' - 0.40 0.30 

, 

- 0.07 ,- - 0.26 - - - - - - - 
Spirosperma femx 0.04 - - - 0.52 - - 0.04 0.1 1 - - - - - 4.40 0 30 - 
Tassemidnlus emericanus - - - 0.40 - ’ 0.80 - - - - 0.20 0.80 0.20 

' 

- - - -' 
Tubifex lubifex 0.04 - - . . w - 0.04 - — 

V 

- - -. - - - - 
Quistradrilus muttisetosus - - - 0.20 - - 1.40 0.12 . 

- 
. - 6.40 1.20 4.40 1.23 0:80 - 0.40 Immature tubificids withvcheatal haifs 0.48 ‘ 39.75 ‘14.00 6.80 3.73 132.8 . 1.90 . 13.94 3.58 105.80 119.40‘ 52.00 -‘24.07 127.40 2.98 54.20 Immature tubiflcids without cheaml hair 7.23 103.60 21.60 52.00 42:73 

' 

42.20 022 0.41 0.04 31.80 27.00 12.80 4.96 37.60 0.60 9.40 
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Table E3. Continued. 
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Table E3. Continued.
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APPENDIX F. Benthic Invertebrate Community Assessment 
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9 

Figure Fl. . Ordination of subset of ‘St. Clair Riverlsites predicted toVReference- Group 3 

summarized on Axes 1 and 3 with 90%., 99%, and 99.9% probability. ellipses around reference 
.' 

sites (not shown). Significant (p S 0.05) environmental variables and families are shown.
9 

Correlations of the most significant taxa and environmental variables are shown with arrows. 

Stress = 0.15. 
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Figure F2. Ordination of subset of St. Clair River sites predicted to reference Group 3 

summarized on Axes 1 and 3 with 90%, 99%, and 99.9% probability ellipses around reference 
sites, (not shown); Significant (p S 0.05) environmental variables and families are shown. 
Correlations of the most significant taxa and environmental variables are shown with arrows. 
Stress = 0.16. 
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‘Figure F3. _ 

I 

Ordination of 

subset 5»: St. Clair Riverlsites 

predicted to reference Group 3
V 

with 90%, 99%, and 99.9% 
‘ probability ellipses around 

reference sites (not shown). Two 
‘H 

views of the same scores are 

shown. Significant (p S 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 F4; Ordination of site (6651) predicted to Reference Group I summarized on Axes 1 

and 3 _with 90%, 99%, and 99.9% probability ellipses around reference‘ sites (not shown). 
I 

Significant (p S. 0.05) families and enviromnental variables are shown. Correlations of the most 
significant taxa and environmental variables are shown with arrows. Stress = 0.11. 
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' ‘Figure F5. 
_ 
Hybrid multidirnensionalscaling of St. Clair River sites surmharized on ‘Axes 2‘

i 

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

with blue solid circles, and environmental iattributes withyellow solid~circles._ The most highly _ 

correlated significant families-, Tubificidae (r2=0.87) and Chironomidae (r2=0.64), are shown as _‘ 

vectors. Only significantly correlated environrnental va'_riab_les are shown. 
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APPENDIX G. Sediment "Toxicity Assessment
A 

.4 
y 

-2 : 

Axis1 

Figure G1. Ordination of subset of test sites using 10 toxicity test endpoints summarized on 
Axes 1' and -2, showing 90%, 99%, and 99.9% probability ellipses around reference sites (not 

A 

. shown)‘. [Chironomus survival (Crsu) and growth (Crgw), Hexagefiia survival (Hlsu)'and 
growth (Hlgw), Hyalella survival" (Hasu) and growth (Hagw), T ub'_zfex 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 (Hlgw), Hyalella survival (Hasu) and growth (Hagw), 

4' T ubiféx 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. Quality Assurance/Qmllity Control 

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

. 
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_ ofV 
Parameter . secs

1 

Al-203 ’ 

CaO ‘ 

Co 
Cr 
Cu
e 

Grayel 

sediment 
sedi_ment 

TP sediment 

Zn 

121



\ 

Table H2. Flett laboratory QA/QC results for sediment mercury analyses.» 
TOTAL HG SEDIMENT

~ 

. Net Hg ’ 

V
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‘Net Total Hg cone. ~ Hg Recovery 
(W9 ‘M M) c°.n¢.- (“U9 M) 

M "9 -NatTotalHgcqnc. HgReoovery 
(09195?! '40-) (95) 

cane. (nglg wet 
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lV|ETH_YL VHG SEDIMENT ~ ~~~ 
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Net cH,Hg as A 

[let cu Hg as Hg A 
cum 

(n9I9):Wot.WL ‘“,%"°” Recovery (36) 

umcufigaug Netcflsl-Igaa cmflu 
(n9I9)DrvWI. H9 (nan-) RecovelY(%) 

°HaH9 88 . 

(|I9’9) W0‘ WI- 
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Table H3. 

AL 

F lett laboratory QA/QC results for biotatotal mercuryanalysis.
A 

~ 
~~ Hg Rgcovery 

(9.6)
'~ cdnc. (pglg)

~ 
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~ Table H4. 

00 Samples 

Spike Reeovery 

HG BIOTA 

Flett laboratory QA/QC results for biota methyl mercury analys_is. 

NetcH.,l_-lgl cene. (_3H§Hg 

-TYPE (nglg) (Dry Wt)‘ Recovory(%) 
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Table H6. Laboratory QA/QC data from Caduceon Environmental Laboratory (2004 data). 

P'er'i:e'nt Blank 
(water) 

6010 30INov/04 
EPA 601

0 
0 SOINOVIO4 

SM 31 
0. 

mean 8.0 95.6 
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h 

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 sample. 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. - 

Overall agreement between labs for the determinations 
of THg in sediment is indicated by the slope of a .,_o 

regression involving the two variables. As E 
recommended by McArdle (1988) and Draper and ,5. e 

. 

» 
8 

- 
. . .

’ 

Smith (1998), the regression was estimated by the 
A 

3 _ 

’ £ ° 
geometric mean (GM, aka reduced major axis) method 

3,‘, _ e 0 
instead ofthe ordinary least squares (OLS) method- é 0 
The OLS method assumesnegligible error in the X e — § ,_5 . 0

' 

variable, and can result in biased slope estimates when 3 , 
applied to data in which both X and Y variables are § M _ . 

subject to errors ofthe same magnitude, a situation 3:. . . 
which clearly applies here. Ratherthan minimizing the E ,_5 _ .

0 
sum ofthe squares of the deviations of observed Y ' 

5. 
values from-the regression line, as in the OLS method, 2 M ' 

v 
A . . 

_ 

— V 
.' 

the GM method minimizes the sum ofthe areas of the V 1 . 

' 

2 ' 3 
I 

_ 

'4 

triangles fonned by the data point, the point on the line. ' 
‘ 

log [Total Hg] in sediment (Flett) . 

corresponding to the Y value. Geometric Mean slope, bGM, was estimated by 

boy, = s, /is, (Legendre and Legendre 1998) 

where S, = standard deviation of’ Y -(values, and s, = standard deviation of X -' values. The ’bGM estimate is also the 
geometric mean ofthe OLS slope of Y onXand the reciprocal of the slope of X on Y. (Note that when thepurpose of 
the analysis is not to estimate functional paraineters such as the slope,,but only to predict values of Y for given X’ s, L 

OLS regression is suitable (Legendre and Legendre 1998). For this reason, the GM method was not used for the 
invertebrate Hg 4 sediment Hg regressions.) 

V 

Geometric mean regression slope for log[THg].ga.,.,c vs log[THg]p1,,,:
A 

"Standard deviation of log[THg]c,d,m =-0.689418 = Sy 
S_ta_nd_ard deviation of log[TI-Ig]F,,,, 'f=b0.903535 = S, 

126,. = 3, / s, _= t).68941,8 /0.903535 = 0.763 

OLS regression of Y vs log[THg]c,—d,,¢ = 1.1024 + 0.6728 lo'g[THg]p.,,, 
OLS regression of X vs Y: log[THg],—.;,., = -0.6673 + 1.1556 log[THg]ca_,.,,, 
"For the regression, P<0,.00l and r2 = 77.8%. 
As a check, using the alternate slope estimation method: baM = (0.6894l8 x [1 / l.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 measurement error. 
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