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EXECUTIVE SUMMARY 

 

To evaluate whether benthic conditions along the Cornwall waterfront of the St. Lawrence River 

continue to improve over time, benthic conditions (i.e., sediment contaminant concentrations, 

sediment toxicity, benthic invertebrate communities, and benthic invertebrate tissue mercury 

residues) were assessed.  Conditions were examined to assess the spatial differences between 

contaminated and reference sediments, and the temporal differences between conditions before 

and after 1997 or 2001, when previous studies were conducted.  The Cornwall data were also 

applied to the decision-making framework for sediment assessment, developed under the 

Canada-Ontario Agreement respecting the Great Lakes Basin Ecosystem. 

 

In October 2007, overlying water, sediment and three benthic invertebrate taxa (chironomids, 

snails, and amphipods) were sampled from 19 locations in the St. Lawrence River at Cornwall, 

12 of which were exposed in the past to mercury-contaminated industrial effluents and 7 of 

which were reference sites.  Invertebrates and surficial sediment were analyzed for total and 

methyl mercury concentrations.  A series of physicochemical variables were also measured in the 

sediment and overlying water.  Exposed and reference sites were compared in terms of mercury 

concentrations in sediment and invertebrates.  Relationships between mercury in each 

invertebrate taxon and mercury in sediment were evaluated by regression analysis.  Physico-

chemical sediment and water variables were included as additional predictors.  Concentrations of 

methyl mercury in the tissues of fish receptors (white sucker, yellow perch, walleye) were 

predicted by multiplying measured body concentrations in the resident invertebrates by relevant 

biomagnification factors obtained from a review of pre-existing studies.  Predicted 

concentrations in receptors were compared to those predicted in 2001.  

 

The benthic invertebrate community structure and toxicological response of four benthic 

invertebrates in laboratory toxicity test sites were compared to biological criteria developed for 

the Laurentian Great Lakes using multivariate analysis.  Conditions were compared to those in 

1997, when these assessments were last conducted.  
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Total mercury concentrations in the sediment ranged from 0.01 to 0.17 µg/g (median 0.09 µg/g) 

at local reference sites and from 0.23 to 4.0 µg/g (median 1.0 µg/g) at exposed sites.  Methyl 

mercury concentrations in the sediment ranged from 0.19 to 0.98 ng/g (median 0.63 ng/g) at 

reference sites and from 1.85 to 6.04 ng/g (median 2.88 ng/g) at test sites.  The highest 

concentrations of both total and methyl mercury were found in Zone 2.  These sediment mercury 

concentrations indicated little change from 2001, where total Hg at exposed sites in Zones 1,2 

and 3 ranged from 0.38 to 5.6 µg/g (median 0.78 µg/g) and methyl Hg ranged from 0.72 to 5.35 

ng/g (median 1.64 ng/g); concentrations were also highest in Zone 2 in 2001. 

 
The concentration of total mercury in sediment was strongly predictive of total mercury 

concentration in amphipods and chironomids (analyzed without allowing gut clearance), but not 

in snails.  Methyl mercury in sediment was not significantly correlated to methyl mercury in 

invertebrates, and for chironomids and amphipods, was significant only after adjusting for effects 

of other sediment covariables (iron and manganese for chironomids and sulphate for amphipods). 

This is very similar to that observed in 2001, where the concentration of total mercury in 

sediment was also strongly predictive of total mercury concentration in invertebrates and methyl 

mercury was weakly correlated to methyl mercury in invertebrates.  Overall, total and methyl 

mercury concentrations in invertebrates at exposed sites ranged from 47 to 1020 ng/g dry weight 

(dw) and from 3.3 to 81 ng/g dw, respectively.  These concentrations were elevated compared to 

reference site maximums by as much as 11 times for total mercury and 3.5 times for methyl 

mercury.  In comparison, total and methyl mercury invertebrate concentrations in 2001 were 

higher, ranging from 31 to 1642 ng/g and from 3.5 to 108 ng/g, respectively and were elevated 

above reference maximums by as much as 31 and 4.3 times, respectively.  

 

Assuming maximum mercury exposure and uptake conditions, the trophic transfer modeling 

outcomes for perch and walleye indicated that two exposed sites could be considered of concern 

because of predicted tissue concentrations of methyl mercury exceeding predicted reference sites 

concentrations and the tissue residue guideline for methyl mercury.  When looking at exposed 

sites assessed in both 2001 and 2007 (11 sites) there was an improvement; 6 sites were indicated 

as being a possible concern in 2001 whereas 1 was indicated as a possible concern in 2007.  

Actual mercury concentrations in yellow perch collected from Zones 1 and 2 in 2004-05 were 
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mostly higher than the predicted concentrations under the maximum scenario, thus the models 

tended to underestimate mercury biomagnification.  

 

There was no strong evidence of impaired benthic communities. Benthic communities at 10 of 

the 12 exposed sites were equivalent to reference conditions; 2 sites had communities that were 

possibly different.  Outcomes were similar to those from 1997, where 8 of the 10 exposed sites 

located in Zones 1, 3 and 2 had a benthic community that was equivalent to reference and 2 sites 

were possibly different.  Effects on reproduction (reduced percent of cocoons hatched and young 

production) in the oligochaete worm Tubifex was observed at three sites (one in each of Zones 1, 

3 and 2) in laboratory toxicity tests.  Effects on Tubifex reproduction also occurred in 1997 when 

toxicity tests were last conducted (by Environment Canada).  No effects on survival were 

observed.     

 
Application of the Cornwall data to the decision-making framework indicated that no sites 

required management actions.  No further action needed was indicated at six sites,  fully assess 

risk of biomagnification was indicated at two sites (in each of Zones 1 and 3), and determine the 

reason(s) for sediment toxicity was indicated at remaining four sites (1 site in each of Zones 1 

and 3 and 2 sites in Zone 2).  Although the framework was not applied in previous studies, based 

on results from sites that were sampled in both years, there was some evidence of slight 

improvement in 2007 based on the biomagnification potential line of evidence.    
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RÉSUMÉ 

 

Nous avons évalué les conditions benthiques (c.-à-d. les concentrations de polluants dans les 

sédiments, la toxicité des sédiments, les communautés d’invertébrés benthiques et les résidus de 

mercure dans les tissus de ces invertébrés) dans le fleuve Saint-Laurent à Cornwall pour 

déterminer si elles continuent de s’améliorer. Nous avons ainsi déterminé les différences 

spatiales entre des sédiments contaminés et des sédiments de référence ainsi que les différences 

temporelles entre les conditions observées en 2007 et celles observées lors les études antérieures 

effectuées en 1997 ou en 2001. Nous avons appliqué aux données de Cornwall le cadre 

décisionnel pour l’évaluation des sédiments élaboré en vertu de l’Accord Canada-Ontario 

concernant l’écosystème du bassin des Grands Lacs.  

 

En octobre 2007, nous avons échantillonné des sédiments, l’eau sus-jacente et trois taxons 

d’invertébrés benthiques (chironomidés, escargots et amphipodes) à 19 endroits dans le fleuve 

Saint-Laurent à Cornwall, dont 12 avaient été exposés par le passé à des effluents industriels 

contaminés au mercure et sept constituaient des sites de référence. Nous avons mesuré les 

concentrations de mercure total et de méthylmercure dans les invertébrés et les sédiments de 

surface, ainsi qu’une série de variables physicochimiques dans les sédiments et l’eau sus-jacente. 

Nous avons comparé les concentrations de mercure dans les sédiments et les invertébrés entre les 

sites de référence et les sites contaminés. Nous nous sommes servis de l’analyse de régression 

pour établir la relation entre la concentration de mercure dans chaque taxon et celle dans les 

sédiments, en incluant des caractéristiques physicochimiques des sédiments et de l’eau comme 

variables explicatives supplémentaires. Nous avons prédit les concentrations de méthylmercure 

dans les tissus de poissons (meunier noir, perchaude et doré) en multipliant les concentrations 

mesurées dans les invertébrés présents au même site par les facteurs de bioamplification 

pertinents mesurés dans des études antérieures. Nous avons ensuite comparé les concentrations 

prédites en 2007 à celles prédites en 2001.  

 

Nous avons comparé la structure des communautés d’invertébrés benthiques et la réponse de 

quatre de ces invertébrés à des essais de toxicité en laboratoire aux critères biologiques établis 



 v

par analyse multivariée pour les Grands Lacs laurentiens. Nous avons comparé les résultats à 

ceux obtenus en 1997, soit la dernière fois que ces évaluations ont été effectuées.  

 

Les concentrations totales de mercure dans les sédiments ont varié de 0,01 à 0,17 µg/g (médiane 

de 0,09 µg/g) aux sites de référence locaux et de 0,23 à 4,0 µg/g (médiane de 1,0 µg/g) aux sites 

contaminés. Les concentrations de méthylmercure dans les sédiments ont varié de 0,19 à 0,98 

ng/g (médiane de 0,63 ng/g) aux sites de référence et de 1,85 à 6,04 ng/g (médiane de 2,88 ng/g) 

aux sites contaminés. La zone 2 a présenté les plus fortes concentrations de mercure et de 

méthylmercure. Les concentrations de mercure ont peu changé par rapport à 2001, lorsqu’elles 

avaient varié de 0,38 à 5,6 µg/g de mercure total (médiane de 0,78 µg/g) et de 0,72 à 5,35 ng/g 

de méthylmercure (médiane de 1,64 ng/g) aux sites contaminés des zones 1, 2 et 3; la zone 2 

avait alors aussi présenté les plus fortes concentrations. 

 
La concentration totale de mercure dans les sédiments explique bien celle dans les amphipodes et 

les chironomidés (mesurée sans évacuation du contenu de leur tube digestif), mais pas celle dans 

les escargots. Par contre, la concentration de méthylmercure dans les sédiments n’est pas 

significativement corrélée avec celle dans les invertébrés; pour les chironomidés et les 

amphipodes, la régression ne devient significative que si on l’ajuste pour tenir compte des effets 

d’autres covariables sédimentaires (fer et manganèse dans le cas des chironomidés et sulfate dans 

le cas des amphipodes). Ces résultats ressemblent beaucoup à ceux de 2001, lorsque la 

concentration totale de mercure dans les sédiments expliquait bien celle dans les invertébrés et 

que la concentration de méthylmercure dans les sédiments était peu corrélée à celle dans les 

invertébrés. Globalement, les concentrations totales de mercure et les concentrations de 

méthylmercure dans les invertébrés des sites contaminés ont varié de 47 à 1 020 ng/g poids sec et 

de 3,3 à 81 ng/g poids sec, respectivement, soit jusqu’à 11 fois et 3,5 fois plus élevées que les 

valeurs maximales mesurées aux sites de référence. Ces concentrations sont moins élevées qu’en 

2001, lorsqu’elles ont varié de 31 à 1 642 ng/g pour le mercure total et de 3,5 to 108 ng/g pour le 

méthylmercure, soit respectivement jusqu’à 31 fois et 4,3 fois les valeurs maximales mesurées 

aux sites de référence.  

 



 vi

Selon la modélisation du transfert trophique du mercure à la perchaude et au doré pour des 

conditions d’exposition et d’absorption maximales, deux sites contaminés pourraient être 

considérés préoccupants parce que les concentrations prédites de méthylmercure dans les tissus 

de ces poissons dépassent celles prédites pour les sites de référence et le seuil recommandé de 

résidus de méthylmercure dans le poisson. On constate une amélioration en ce qui concerne les 

onze sites contaminés évalués et en 2001 et en 2007 : six de ces sites ont été jugés 

potentiellement préoccupants en 2001, contre seulement un en 2007. Les concentrations de 

mercure mesurées dans les perchaudes capturées dans les zones 1 et 2 en 2004-2005 étaient pour 

la plupart plus élevées que les concentrations prédites pour le scénario d’exposition et 

d’absorption maximales, ce qui indique que les modèles ont sous-estimé la bioamplification du 

mercure.   

 

L’étude n’a montré aucune dégradation évidente des communautés benthiques. À 10 des 12 sites 

contaminés, la communauté benthique était équivalente à celle des sites de référence, tandis 

qu’aux deux autres sites contaminés, elle était possiblement différente. Ces résultats sont 

semblables à ceux de 1997, lorsque la communauté à 8 des 10 sites contaminés dans les zones 1, 

2 et 3 était équivalente à celle des sites de référence, tandis qu’aux deux autres sites contaminés, 

elle était possiblement différente. Dans des essais de toxicité en laboratoire, nous avons observé 

des effets sur la reproduction du ver oligochète Tubifex (réduction du taux d’éclosion des cocons 

et de la production de jeunes) pour trois sites (un dans chacune des zones 1, 2 et 3). Des effets 

sur la reproduction de Tubifex avaient également été observés en 1997, soit la dernière fois que 

les essais de toxicité ont été effectués (par Environnement Canada). Nous n’avons observé aucun 

effet sur la survie des vers.     

 
L’application du cadre décisionnel aux données de Cornwall indique qu’aucun des sites ne 

nécessite de mesure de gestion : il indique aucune autre mesure n’est nécessaire pour six sites, 

évaluer pleinement le risque de bioamplification pour deux sites (dans les zones 1 et 3), et 

déterminer pourquoi les sédiments sont toxiques pour les quatre autres sites (un dans chacune des 

zones 1 et 3 et deux dans la zone 2). Bien que le cadre n’a pas été appliqué dans les études 

antérieures, les résultats pour les sites échantillonnés les deux années en ce qui concerne le 

potentiel de bioamplification semblent indiquer une légère amélioration de 1997 à 2007.  
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1 INTRODUCTION 

The purpose of this study was to assess benthic conditions (i.e., sediment contaminant 

concentrations, sediment toxicity, benthic invertebrate communities, and benthic invertebrate 

tissue mercury residues) in Zones 1, 2, and 3 of the Cornwall waterfront, and to determine the 

degree to which these conditions differed from those of reference locations.  The overall goal of 

the study plan was to evaluate whether benthic conditions along the Cornwall waterfront 

continue to improve over time.  

 

2 OBJECTIVES AND APPROACH 

The assessments of Reynoldson (1998) and Grapentine et al. (2005) offer the most recent and 

extensive data against which changes in benthic conditions through time can be compared.  The 

objectives of the current study were to examine benthic conditions at previously sampled stations 

to assess: 

(a) Spatial differences between contaminated and reference sediments, and  

 

(b) Temporal differences between conditions before and after 1997 and 2001.  

 

The current study involved the same methods applied by Reynoldson (1998) and Grapentine et 

al. (2005).  These included assessments of sediment chemistry and grain size, sediment toxicity, 

and benthic invertebrate community composition based on the original “BEAST” methodology 

(Reynoldson et al. 1995, 2000; Reynoldson and Day 1998) and measurements of mercury levels 

in benthos based on methodology provided in Grapentine et al. (2005).  Integration of these data 

and assessment of overall benthic conditions followed the frameworks of Grapentine et al. 

(2002) and EC/MOE (2007). 

 

3 STUDY AREA 

Background information on environmental conditions in the Cornwall AOC is given in Dreier 

(2000).  As in previous assessments in the Cornwall AOC, sampling took place in depositional 

areas identified by acoustic mapping of the river bed (Figure 1, Rukavina 2000).  Four 

depositional zones have been identified along the Cornwall waterfront, located from west to east 

(upstream to downstream): 
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Zone 1 (Lamoureux Park boat launch area) – downstream of former chlor-alkali plant and fine 

paper mill, 

 

Zone 3 (Embayment upstream of Windmill Point) – adjacent/downstream of an oil tank storage 

area, 

 

Zone 2 (North shore from Windmill point to Pilon Island) – adjacent/downstream of former 

synthetic fibre (rayon) manufacturer, and  

 

Zone 4 (Northeast shore of Cornwall Island) – considered a reference area that receives flow 

from the south channel and where sediment mercury levels are low (below the provincial Lowest 

Effect Level). 

 

Stations sampled for the 1997 survey of Reynoldson (1998) are shown in Figure 2, and those 

sampled in 2001 by Grapentine et al. (2005) are shown in Figure 3.  Approximately half of 

stations (=sites) sampled in 1997 were revisited (as closely as possible) in 2007 (Table 1).  

Although some stations in Zone 2 do not overlap between studies, the area covered was 

essentially the same. 

 

Local reference areas situated outside of areas historically exposed to industrial effluents were 

identified upstream of the Cornwall waterfront in Lake St. Lawrence (above Zone 1 and below 

the Moses-Saunders Power Dam), and off the southern sides of Cornwall and St. Regis Islands 

where the water flow is from the south channel of the river.  Stations in these areas provided data 

on background mercury concentrations in sediment and biota relevant to the AOC. 

 

4 EXPERIMENTAL DESIGN 

4.1 Sampling Design 

The sampling design mostly repeated the array applied in 2001 (Grapentine et al. 2005), except 

for the Zone 4 and far-field downstream stations, which were dropped.  Samples were collected 

from all or from a subset of 2001 sites in Zones 1, 2, and 3; and in the upstream and downstream 
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(outside former effluent exposure areas) reference locations.  In total, 19 stations (12 exposed or 

test sites and 7 reference sites) were sampled.  This sampling design allowed analyses of both 

spatial patterns and temporal trends in benthic conditions.  Sites selected from Zone 2 include 

those where amphipods were found and where invertebrate methyl Hg concentrations were the 

highest in 2001. To further characterize sediments of Zone 1, an additional site was added in an 

area of high gas bubbling and high bark content (R. Razavi, Queens University, personal 

communication). 

4.2 Measurement Endpoints 

At each site, sediment, water and invertebrates were collected for (a) chemical and physical 

analysis of sediment and overlying water, (b) analysis of benthic invertebrate community 

structure, (c) whole sediment toxicity tests, and (d) measurements of mercury concentrations in 

invertebrates.  Sediment was obtained from the top 0 - 10 cm layer of river bed.  At a subset of 

sites, the top 0 – 5 cm layer of river bed was also collected for analysis of mercury.  

Environmental variables measured are shown in Table 2.   

 

Benthic invertebrate community structure (taxonomic composition and relative abundances) was 

described based on family-level identifications of macroinvertebrates.  Sediment toxicity was 

quantified based on acute and chronic responses of four invertebrate taxa (10 endpoints in total) 

in laboratory tests.  For assessment of mercury bioaccumulation and potential biomagnification, 

three numerically dominant invertebrate taxa were targeted for collection from each location: 

snails, amphipods, and chironomids.  Chironomids were collected from all sites.  Amphipods and 

snails were limited in numbers and could only be collected at a subset of sites.  Analyses of total 

and methyl mercury was performed on samples composited from organisms within each taxon 

(i.e., taxa were analyzed separately). Gut clearing was not performed.   

 

5 METHODS 

5.1 Sample Collection and Handling 

Methods for the collection of all samples were the same as those of Reynoldson (1998) and 

Grapentine et al. (2005).  These are briefly described below.  Site positions were obtained using 

a differentially corrected global positioning receiver (Northstar 751), receiving corrections from 
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CD-GPS (accuracy of ≤ 5m).  Station coordinates are provided in Table 1 and sites are shown in 

Figure 4.  

 

Prior to sediment collections, water samples were obtained using a van Dorn sampler, taken from 

0.5 m above the bottom. Temperature, conductivity, pH and dissolved oxygen were measured in 

situ with a YSI meter.  Samples for alkalinity, total P, total Kjeldahl N, nitrate+nitrite-N and 

ammonia-N were dispensed to appropriate containers and stored for later analysis. 

 

A mini-box corer (40 cm  40 cm) was used to obtain sediment for the benthic community and 

sediment physico-chemical analyses.  At each site, five benthic community subsamples were 

taken from the box core using 10 cm long × 6.5 cm diameter acrylic tubes.  Samples were sieved 

through a 250-μm mesh screen and the residue preserved with 10% formalin for a minimum of 

72 hours and then transferred to 70% ethanol.  Approximately 2 L of the remaining top 10 cm of 

sediment from each box core was removed, homogenised in a Pyrex dish, and allocated to 

containers for chemical and physical analyses of sediment.  At 10 sites, the top 5 cm was also 

taken from the box core for comparison to the chemical characteristics of the top 10 cm.  At sites 

where a mini-box core could not be used because of coarse nature of sediment (2 test sites, 1 

reference site) a Ponar sampler was used to obtain the sediment samples.  Three Ponar grabs 

were taken for benthic invertebrate community samples and one grab for chemical and physical 

analyses.  A petite Ponar sampler was used to obtain sediment for toxicity tests (five 

replicates/grabs per site).  Each sediment grab was placed in a plastic bag, sealed and stored in 

buckets.  All samples were kept at 4ºC.  Note: At Site 108 in Zone 3, sufficient sediment could 

not be collected for toxicity test purposes.  Several attempts with various sampling devices 

yielded dead shells and very liquidy sediment. 

 

Benthic invertebrates and sediment for analyses of total and methyl mercury were collected 

using a petite Ponar sampler.  At each site, between 15 and 20 grabs were collected to obtain a 

sufficient number of invertebrates (minimum of 1 g tissue per taxon).  From each grab, a 

representative sample of the top 10 cm of sediment was taken.  These samples were pooled in a 

glass tray, homogenized and subsampled to provide a composite sediment sample of all grabs 

from each site for total and methyl mercury analyses.  Sediment for mercury analyses was frozen 
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at -20ºC and later sent to Flett Research laboratory (Winnipeg, MN).  The remaining top 10 cm 

of sediment in each grab was placed in a 68-L tub.  When the tub was full, invertebrates were 

removed from the sediment by wet sieving with river water using 12” stainless steel sieves (500-

m mesh).  Biota collected on the sieve was sorted into separate taxa in glass trays using 

stainless steel instruments.  Biota were rinsed with deionized water and placed in pre-weighed 

and pre-cleaned (10% HCL) 5 -mL scintillation vials, weighed, and frozen on site (-20C).  A 

layer of parafilm was placed between vial and cap.  Invertebrate samples were later freeze-dried, 

reweighed and sent to Flett Research laboratory.  The wet:dry ratios were used for converting 

invertebrate mercury concentrations from a dry weight to wet weight basis.  Stainless steel sieves 

and instruments were detergent-washed between stations.  If organic matter remained on the 

sieve after the detergent wash (on visual inspection), a more aggressive cleaning solution was 

implemented with caustic ethanol.  Homogenizing and sorting trays and scoops were detergent 

washed, rinsed in 20% HCl, and rinsed with river water between sites. 

5.2 Sample Analyses 

5.2.1 Sediment and Water Physico-Chemical Analyses 
Analyses of alkalinity, total phosphorus, nitrate+nitrite-N, ammonia-N and total Kjeldahl N in 

water samples were performed by procedures equivalent to those of the Environment Canada’s 

National Laboratory for Environmental Testing (NLET) (Burlington, ON) as described in 

Cancilla (1994) and EC (2007). 

 

Freeze dried sediments were analysed for total mercury, 29 trace elements, major oxides, loss on 

ignition (LOI), total organic carbon, total phosphorus and total Kjeldahl nitrogen using standard 

techniques outlined by the USEPA/CE (1981) or by in-house laboratory (Caduceon Laboratory, 

Ottawa, ON) procedures.  Note: the sample for mercury analysis was separate from the one sent 

to Flett Research Laboratory.  (The Caduceon sample was obtained from the mini-box core 

whereas the Flett sample was a representative sample collected from the series of petite Ponar 

grabs collected for tissue analysis.)  Particle size analysis was performed following the procedure 

of Duncan and LaHaie (1979).   
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5.2.2 Sediment and Tissue Mercury Analyses 
Procedures for analyses of mercury (total and methyl) in sediment and invertebrate tissues by 

Flett Research laboratory were based on Bloom and Crecelius (1983), Horvat et al. (1993) and 

Liang et al. (1994).  These analyses are summarized below.  

  

Total mercury in sediment 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/sulphuric acid at 150C.  After cooling, the sample was diluted to 25 mL with low-

mercury deionized water, spiked with BrCl and allowed to react.  The residual BrCl was then 

destroyed by addition of hydroxylamine hydrochloride.  An aliquot of the sample (100 µL - 2 

mL) was placed into a sparging vessel, to which was added stannous chloride.  The elemental 

mercury produced was purged onto a gold trap with Hg-free nitrogen.  The gold trap was heated 

with UHP argon carrier gas passing through it, and the mercury released was measured by a 

Brooks-Rand CVAFS model-2 detector.  

 

Total mercury in biota  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 invertebrate sample (or spikes, blanks or reference material) was digested for 6 

hours in 10 mL of 1:2.5 nitric/sulphuric acid at 250C; after cooling, the sample was diluted to 

25 mL with low mercury deionized water, spiked with BrCl and allowed to react. 

 

Methyl mercury in sediment Sediment was prepared for analysis by distilling 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 KCl/H2SO4.  (Note: It was 

verified that an insignificant amount of methyl mercury production was occurring in the 

distillation process, in which case all samples can be processed by distillation.)  An aliquot of the 

prepared sample (1-2 mL, depending 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 
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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 CVAFS model-2).   

 

Methyl mercury in biota  Freeze dried biota (5-10 mg of homogenized sample, spike, 

blank or reference material) was digested overnight with ~500 L of KOH/methanol at 75 C.  

Sample aliquots (50-60 L) were then treated and analysed as described above for the ethylation 

and subsequent steps in the determination of methyl mercury in sediment.  

 

5.2.3 Sediment Organic Contaminant Analyses 
Procedures for petroleum hydrocarbon (PHC) analysis (F1 to F4 fractions) were based on CCME 

Canada-Wide Standards (CCME 2008).  F4G (C24-C50+ hydrocarbons) analysis was also 

performed if the chromatogram of the C34 to C50 hydrocarbons indicated that greater than C50 

hydrocarbons are present (chromatogram does not return to baseline at or above C50).  In cases 

where the chromatogram did not return to baseline at C50, the greater of the two fractions (F4 or 

F4G) was used when summing for total PHCs.  Oil and grease was determined by gravimetric 

extraction based on EPA method 8015 (USEPA 1992).  Analyses were performed by Maxxam 

Analytics (Mississauga, ON). 

 

5.2.4 Taxonomic Identification 
Macroinvertebrates were removed from the benthic community samples using a low power 

stereo microscope (16 with 10 eye piece), identified to family level and enumerated at the 

Taxonomic Laboratory (Burlington, ON).  Slide mounts were made of oligochaetes and 

chironomids.  Numbers of individuals for each taxon per sample were recorded, except for 

poriferans, nematodes, copepods, and cladocerans.  Samples were sent to EcoAnalysts, Inc 

(Moscow, ID, USA) for enumeration and identification to lowest practical level using high 

power microscopy. 

5.3 Sediment Toxicity Tests 

Four sediment toxicity tests were performed: Chironomus riparius 10-day survival and growth, 

Hyalella azteca 28-day survival and growth, Hexagenia spp. 21-day survival and growth, and 
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Tubifex tubifex 28-day survival and reproduction.  Sediment handling procedures and toxicity 

test methods are described elsewhere (Borgmann and Munawar 1989; Borgmann et al. 1989; 

Krantzberg 1990; Reynoldson et al. 1991; Reynoldson et al. 1998).  All tests passed acceptability 

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

survival in a reference sediment (Long Point Marsh, Lake Erie): i.e.,  80% for H. azteca; 70% 

for C. riparius; 80% for Hexagenia spp., and 75% for T. tubifex (Reynoldson et al. 1998).   

 

Water chemistry variables (pH, dissolved oxygen, conductivity, temperature and total ammonia) 

were measured for each test in each replicate test beaker on day 0 (start of test – prior to 

introduction of organisms) and at completion of the test (day 10, day 21, or day 28).  Tests were 

run under static conditions in environmental chambers at 23 1 C, under a photoperiod of 16L: 

8D and an illumination of 500 - 1000 lux, with the exception of T. tubifex test which was run in 

the dark.  Methods for each test are outlined below. 

 

Hyalella azteca 28-day survival and growth test  

The H. azteca test was conducted for 28 days using 2 to 10 day old organisms.  On day 28, the 

contents of each beaker were rinsed through a 250-m screen and the surviving amphipods 

counted.  Amphipods were dried at 60 C for 24 hours and dry weights recorded.  Test endpoints 

included percent survival and growth as mg dry weight per individual. (Initial weights of 

organisms were considered negligible.) 

 

Chironomus riparius 10-day survival and growth test  

The test was conducted for 10 days using first instar organisms (15 organisms per replicate 

beaker).  Each beaker was fed 8 mg Nutrafin fish flakes three times throughout the test. On day 

10, the contents of each beaker were wet sieved through a 250-m screen and the surviving 

chironomids counted.  Chironomids were then dried at 60 C for 24 hours and dry weights 

recorded.  Test endpoints included percent survival and growth as mg dry weight per individual. 

(Initial weights of organisms were considered negligible.) 
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Hexagenia spp. 21-day survival and growth test  

The test was conducted for 21 days using 10 pre-weighed mayfly nymphs (5 to 8 mg wet 

weight/nymph) per jar.  Each jar was fed 50 mg prepared food (Nutrafin fish flakes, cereal grass 

and brewers yeast) twice per week.  On day 21, the contents of each jar were wet sieved through 

a 500-μm screen and surviving mayflies counted.  Mayflies were then dried at 60 C for 24 hours 

and dry weights recorded.  Initial mayfly wet weight were predicted to dry weight using a 

statistical model derived specifically for mayflies.  Growth was estimated as the difference 

between the initial and final dry weight.  

 

Tubifex tubifex 28-day reproduction and survival test  

The T. tubifex test was conducted for 28 days using sexually mature worms (gonads visible).  On 

day 28, the contents of each beaker were rinsed through a 500-m and 250-m sieve 

sequentially.  Using a dissecting microscope, the number of surviving adults, full cocoons, empty 

cocoons, and large immature worms were counted from the 500-m sieve and the numbers of 

small immature worms were counted from the 250-m 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. 

 

6 DATA ANALYSES AND INTERPRETATION 

Two main goals for the data analyses were to assess (a) spatial differences between contaminated 

and reference sediments, and (b) temporal differences between conditions before and after 1997 

and 2001.  Conditions at historically contaminated sites in Zones 1-3 were compared to two 

groups of references sites: (1) those in the Great Lakes, using the BEAST (except for the 

bioaccumulation data), and (2) local reference sites in the St. Lawrence River.  The validity of 

using lacustrine sites as reference in approach (1) can be checked by the degree to which 

Cornwall area reference sites are similar (i.e., within the range of natural variability). 

 

The sampling design and analytical methods allowed for the same data handling and analyses as 

in Reynoldson (1998) and Grapentine et al. (2005).  These are outlined below.   

 



 10

6.1 BEAST Evaluation 

The procedures used in the BEAST approach are described in detail elsewhere (Reynoldson et al. 

1995; 2000).  Briefly, the methodology involved the assessment of sediment quality based on 

multivariate techniques using data on the physical and chemical attributes of the sediment and 

overlying water, benthic community structure (the type and number of taxa present), and the 

functional responses (survival, growth and reproduction) of laboratory organisms in toxicity 

tests.  Data from test sites were compared with Environment Canada’s biological guidelines, 

which were developed from responses of both field and laboratory benthic invertebrates to 

reference site sediments. 

 

For benthic community data, multiple discriminant analysis was used to predict the test sites to 

one of five reference community groups (38-family bioassessment) using five habitat descriptors 

(latitude, longitude, depth, total organic carbon, and alkalinity).  Assessments conducted at the 

family level of taxonomic identification have been shown to be sensitive for the determination of 

stress (Reynoldson et al. 2000).  To describe the dominant patterns of variability (structure) 

among benthic communities, data were ordinated using hybrid multidimensional scaling 

(HMDS, Belbin 1993), applied to a Bray-Curtis distance matrix.  Toxicological responses were 

ordinated using HMDS applied to a Euclidean distance matrix of range-standardised data.  

Principal axis correlation (Belbin 1993) was used to identify relationships between habitat 

attributes and community data or toxicity descriptors.  Invertebrate families, toxicity endpoints, 

and environmental attributes important in accounting for the overall structure in the data were 

identified using Monte-Carlo permutation tests (Manly 1991).  Test (effluent-exposed) sites were 

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

analysed in subsets, with the number of test sites analyzed in any ordination numbering 10% 

reference sites (i.e., if there are 100 reference sites, then a subset of  10 test sites was ordinated 

at one time).  Multiple discriminant analysis and probability ellipses were produced using the 

software SYSTAT, and HMDS was performed using PATN (Belbin 1993). 

6.2 Mercury Distribution in Sediment and Biota 

Sites in which concentrations of Hg in sediment and invertebrates ([Hg]sed, [Hg]inv) were 

significantly elevated above reference levels for the study area were identified by comparing 
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[Hg] for effluent-exposed sites to the 99th percentile value (= maximum) for the reference 

locations.  This was done separately for MeHg and THg and for each invertebrate taxon.   

 

Relationships between concentrations of Hg in sediment and invertebrates were determined 

using regression analysis, again separately for MeHg and THg and for each invertebrate taxon.  

(Note: the sediment mercury results from Flett Research Laboratory were used in these 

regressions since the sediment sample was more representative of the invertebrates’ exposure.)  

Simple linear regression (ordinary least squares) was used for a single predictor ([Hg]sed) model. 

“Best subset” multiple linear regression procedures was used for the fitting of multiple predictor 

models.  A set of the environmental variables expected to potentially influence uptake of Hg 

from sediment by biota were identified from the group of measured variables by Grapentine et al. 

(2005) based on literature reviews.  These included sediment concentrations of total organic 

carbon, total phosphorus, total nitrogen, sulphide (AVS), iron, and manganese; sediment particle 

size fractions of sand, silt and clay; overlying water concentrations of total phosphorus, 

nitrate/nitrite-N, ammonia-N, total Kjeldahl nitrogen, dissolved O2; and overlying water 

alkalinity, pH and conductivity.  

 

All models fitted to the data included [Hg]sed 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]sed on [Hg]inv = 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 (Draper and Smith 1998):  

 maximum R2
adjusted 

 significance of partial F-tests (= t-tests) for predictors (especially [Hg]sed) 

 significance of F-test for regression 

 variance inflation factors (VIFs) for predictors < 10 

 homoscadastic and normally distributed residuals 

 Mallow’s Cp statistic not >> number of predictors 

 

Because sediment and invertebrates were collected from some of the same locations as in 2001, 

site-by-site changes in total and methyl mercury concentrations were determined.  This was done 
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separately for MeHg and THg and for each invertebrate taxon.  Changes in [Hg] between years 

at exposed sites were compared against the maximum change in [Hg] for the reference sites. 

6.3 Prediction of Mercury Concentrations in Receptors of Concern 

The purpose of the biomagnification component of the study was to determine if deleterious 

amounts of Hg could potentially be transferred from sediments through benthic invertebrates to 

fishes in the St. Lawrence River (at Cornwall) AOC. This was addressed by: 

A. Determining if THg and MeHg were bioaccumulated by benthic invertebrates to higher 

concentrations in sites that were exposed to Hg-containing industrial effluents than in 

upstream reference sites; 

B. Determining if concentrations of THg and MeHg in invertebrates were related to 

concentrations in sediment; and 

C. Predicting if concentrations of MeHg in consumers of benthic invertebrates and their 

predators (i.e., trophically linked receptor species) reached levels associated with adverse 

effects. 

 

Tissue mercury concentrations were predicted for fish receptors of concern (ROCs) previously 

identified for the Cornwall AOC (Grapentine et al. 2005).  These ROCs included white sucker, 

yellow perch and walleye.  Subsequent studies have confirmed a trophic link between 

amphipods/snails/chironomids and yellow perch (Ridal et al. 2009).   Mercury concentrations for 

each ROC were predicted on a MeHg basis by multiplying the measured body concentrations in 

the resident invertebrates by a biomagnification factor or the food chain multiplier (FCM) 

relevant for the receptor.  Invertebrate methyl Hg concentrations used in the predictions of 

methyl Hg in receptors were the observed [MeHg]inv values for all taxa collected from a site.  

Concentrations are presented separately for “minimum”, “intermediate” and “maximum” levels 

of mercury exposure and uptake scenarios. The intermediate or average [MeHg]inv for the site 

was calculated as the mean of the invertebrate methyl Hg values multiplied by the average 

biomagnification factors or food chain multipliers. The minimum and maximum used the lowest 

and highest invertebrate [MeHg]inv and FCM, respectively.  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 a wet weight 
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basis.  Details on the methods and the results of the biomagnification review are described in 

Grapentine et al. (2005). 

 

Predicted concentrations in ROCs at exposed sites were compared to local reference sites as well 

as to the CCME tissue residue guideline (TRG).  The TRG applied only to the fish receptors and 

refers to the concentration 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 (EC 

2002) for the protection of wildlife receptors in the AOC that consume aquatic biota: 92 ng/g 

ww.  This pertains to the American mink (Table 12 of EC 2002). 

 

7 QUALITY ASSURANCE/QUALITY CONTROL 

Field Replicates 

At field replicated stations, triplicate sediment and water samples were collected for 

determination of within-site and among-sample variability.   

 

Laboratory Replication, Spikes, Standards & Reference Material 

Flett Research Ltd. (Winnipeg, MB) conducted determinations of total and methyl mercury in 

sediment and benthic invertebrates. QC evaluation for these procedures included analyses of 

sample duplicates, matrix spikes, certified reference materials and laboratory standards, and 

evaluations of sample recoveries.  For sediment, sample duplicates were analyzed at least once 

every 15 samples, and matrix spikes were performed on every tenth sediment sample to 

determine mercury recoveries.  For biota, and spiked matrix duplicates were analyzed for total 

and methyl mercury with each lot of 10 - 20 samples.  Each invertebrate taxon was represented 

in the analyses of sample duplicates and matrix spikes.  For sediment samples, the NRC certified 

sediment reference material “MESS-2” and “OPR (solids)” were concurrently digested and 

analysed for total mercury and “IAEA 405” and “ALFA” were concurrently digested and 

analysed for methyl mercury.  For biota samples, “DORM-3” and “OPR” and NRC certified 

sediment reference material “DORM-2” were analyzed for total mercury, and “DORM-2” and 

“ALFA” were concurrently digested and analysed for methyl mercury.   
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Caduceon Environmental Laboratory analyzed sediment for trace metals (including total 

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

QA/QC procedures involved control charting of influences, standards, and blanks.  Reference 

material “LKSD”, “WH89-1”, “DO52-542” and “TOC-QC” and a mercury laboratory standard 

“STSD-2” was used in each analytical run.  Calibration standards were run before and after each 

run.  Run blanks and reference standards were run 1 in 20 samples.  Sample duplicates were 

analyzed once every 16 samples.   

 

Maxxam Analytics analyzed sediments for acid volatile sulphide, sulphate, petroleum 

hydrocarbons, and oil and grease. QC procedures included the analyses of method and spiked 

blanks, matrix spikes, and QC standards for each run.  Sample duplicates were analyzed at least 

once in every run.  Surrogate spikes (percent recovery of 1,4-Difluorobenzene, 4-

Bromofluorobenzene, D10-Ethylbenzene, D4-1,2-Dichloroethane and o-Terphenyl) were 

determined for each sample. 

 

An inter-laboratory comparison of analyses for total Hg was conducted based on results from 

Flett Research and Caduceon Laboratory for sediment subsampled from the same sample.  Data 

for the 19 samples were compared by regression analysis.  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 Sorting 

To evaluate control measures for benthic invertebrate sorting (to family level), each month the 

remaining material from each picked sample replicate was stored.  One sample was randomly 

selected each month and re-picked, and the number of new organisms found was counted.  The 

percent of organisms missed (% OM) was calculated using the equation: 

 

  # Organisms Missed        100 = % OM 

Total Organisms Found 
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If the % OM was 5%, then two more samples were randomly selected and the % OM calculated 

for both.  The average % OM was calculated based on the three samples that were re-picked, and 

represented the standard sorting efficiency for that month.  If the % OM was <5% on the first 

sample then the average % OM was based on one sample. 

 

Benthic Invertebrate Identification and Enumeration 

To ensure quality assurance with respect to identifications, verifications, enumeration and data 

entry, EcoAnalysts, Inc. followed several steps (EcoAnalysts, pers. comm.).  At least one 

specimen of each taxon encountered was kept in a separate vial to comprise a project reference 

collection.  Internal quality assurance of the identifications involved examination of the reference 

collection by a second taxonomist to verify accuracy of all taxa identified.  Additionally, 10% of 

samples were randomly selected and re-identified by a QA taxonomist.  Data entry involved 

visual confirmations on the taxonomic identification and number of specimens in each taxon and 

data was entered directly on a computer database. 

 

8 RESULTS AND DISCUSSION 

8.1 Quality Assurance/Quality Control 

Variability among sample 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-replicate variability indicates the 

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

coefficients of variation (CV = standard deviation  mean  100) or relative percent difference 

(RPD = (1 -2)/ ((1 +2)/2)  100) were determined for the analytical data.   

  

Field Replication 

Triplicate sediment samples were collected at Site 5 (500, 501, and 502) and Site 167 (16700, 

16701, and 16702).  Results for trace metals, major oxides and nutrients are provided in 

Appendix A, Table A1.  Overall, CVs ranged from 0 to 117% (mean 10%).  Ninety percent of 

the CVs were <20%, which is very good for field replicated samples and shows consistent results 
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between box cores taken from the same site and low within-site variability (samples were taken 

from three separate drops of the box core).  

 

Laboratory Replicates, Spikes, Standards & Reference Material 

Duplicate measurements of trace metals, major oxides and nutrients, and corresponding analyses 

of reference materials for Caduceon Environmental Laboratories are shown in Appendix A, 

Table A2 and A3, respectively.  The RPD for the sample duplicate measurements for Site 1320 

(reference), Site 167 and Site 64 showed good agreement, ranging overall from 0 to 109% (mean 

6.8%); most RPDs (89%) were 10% (Appendix A, Table A2).  For reference materials, sample 

recoveries ranged from 35% (Molybdenum) to 115% (mean 97%); 84% of samples had 90% 

recovery (Appendix A, Table A3).  The percent recovery in the Hg standard recovery was 101%.  

All recoveries were within the control limits specified for each parameter.  

 

Data for Flett Research Laboratory replicates and repeat measurements for mercury in sediment 

and benthic invertebrates are provided in Table 3 (sediment mercury), Table 9 (total mercury in 

biota) and Table 10 (methyl mercury in biota). There was good agreement between sample 

replicates and repeats.  Mean CVs for replicate/repeat analyses were 1.8, 17.3, 9.3 and 5.9% for 

[THg]sed, [THg]inv, [MeHg]sed and [MeHg]inv, respectively.  These results are similar to analyses 

performed in 2001, where CVs were 13, 10, 11 and 11% for [THg]sed, [THg]inv, [MeHg]sed and 

[MeHg]inv, respectively.  Repeat analyses, performed for [MeHg]sed and [THg]inv, had a mean CV 

of 6 and 8.5%.  This indicates overall very good agreement for laboratory analysis of mercury.  

Recoveries for analyses of certified reference material, matrix spikes and laboratory standards 

are provided in Appendix A, Table A4 to A7.  For total mercury, overall mean recoveries ranged 

from 90.3 to 107.4% (mean 99.6%) for certified reference material, from 91.7 to 108.9% (mean 

100%) for matrix spikes, and from 93 to 103% (mean 100%) for laboratory Hg standards (Tables 

A4 and A5).  The RPD for spiked duplicates was low, ranging from 1.3 to 9.9% (mean 4.7%).  

For methyl mercury, overall mean recoveries for reference material ranged from 80 to 110% 

(mean 97%), and for matrix spikes ranged from 85.7 to 109.6% (mean 95.6%) (Appendix A, 

Table A6 and A7). 
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Data for Maxxam Analytics duplicate measurements for petroleum hydrocarbons is provided in 

Appendix A, Table A8.  Duplicate measurements were performed for two samples: Site 1321 

(reference) and Site 16701.  There was good agreement between duplicate analyses, with RPDs 

ranging from 1.8 to 10.8% (mean 5.3%).  Surrogate recoveries are shown in Appendix A, Table 

A9.  Recoveries ranged from 85 to 120% (mean 99.6%), falling within acceptable range, 

indicating extractions were efficient.  Percent recoveries for matrix and blank spikes, standards 

and the RPD for method blanks are provided in Appendix A, Tables A10 and A11.  Overall, 

percent recoveries for spikes and QC standards were within QC limits, ranging from 78 to 109% 

(mean 99.3%).  The RPD for blank data ranged from 0.1 to 14.6% (mean 4.3%).  

 

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

Appendix A.  Results showed fair agreement between measurements overall: the slope of Flett 

[Hg]sed vs Caduceon [Hg]sed was 0.88.  The percent explained variability was 79%.  However, as 

described below in Section 8.3.3, there was high variability in total [Hg] results between the two 

labs noted at some sites.  

 

Benthic Invertebrate Enumeration and Identification 

The mean percent community sorting efficiency for Cornwall samples was 2.9%, or 97.1% 

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

was achieved.  This sorting efficiency represents the average for 2 sorters over a 5 month period. 

8.2 Sediment Mercury Levels 

8.2.1 Total Mercury 

On a dry weight basis, total mercury concentrations ranged from 0.23 to 4.00 µg/g (median 0.88 

µg/g) at exposed sites and from 0.01 to 0.17 µg/g (median 0.09 µg/g) at reference sites (Table 3, 

Figure 5A) (Flett Research Laboratory analyses).  All test sites exceeded the maximum reference 

site concentration, with exceedences ranging up to 4.4, 15 and 23.5 the reference site 

maximum for Zones 1, 3 and 2, respectively.  Total [Hg]s in Zone 1 were lower than the other 

two zones (range 0.23 to 0.75 µg/g, median 0.59 µg/g).  Zones 3 and 2 had similar mercury 

concentrations: Zone 3 (range 1.24 to 2.55 µg/g, median 1.90 µg/g); Zone 2 (range 0.78 to 4.00 

µg/g, median 1.73 µg/g).  The Lowest Effect Level (LEL) of Ontario’s Sediment Quality 
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Guidelines (Fletcher et al. 2008) for mercury (0.2 µg/g) was exceeded at all test sites but not at 

reference sites (Figure 5A).  The Severe Effect Level (SEL) (2.0 µg/g) was exceeded at 1 site in 

Zone 3 (Site 108) and 1 of the 5 sites in Zone 2 (Site 31); there were no exceedences in Zone 1.  

Overall, the highest mercury concentration was in Zone 2 (Site 31).  

 

Figure 6 shows changes in total [Hg] concentrations in sediment for 2007 relative to 2001 for 

resampled sites.  Whereas total [Hg] remained almost unchanged in the reference sites, 

concentrations significantly decreased at 6 of 11 resampled sites in 2007, most notably at Site 

183 (Zone 1) where [THg] was 3 lower than that observed in 2001; however, increases in 

[THg]s  of up to 2 also occurred at 4 sites.  In 2001, [Hg]s ranged up to 11.9, 20.9 and 40.4 

the reference site maximum for Zones 1, 3 and 2, respectively, which were greater than those 

observed in 2007 (4.4, 15 and 23.5).  In 2001 and 2007, the LEL for Hg was exceeded at all 

sites in Zones 1, 2, and 3.  The mean total [Hg] at reference sites (n=12) in 2001 was 0.09 µg/g, 

very similar to the mean in 2007 (0.08 µg/g, n=7).  The SEL was exceeded at Sites 108 (Zone 3) 

and 31 (Zone 2) in both years, but exceeded at Site 64 in 2001 only.  The highest mercury 

concentration was noted in Zone 2 in both years.  On a per zone basis, the median total [Hg] in 

2001 in Zones 1, 3, and 2, were 0.58, 1.75 and 1.85 µg/g, very similar to that found in 2007 

(0.59, 1.90 and 1.73, respectively), indicating little change overall in total mercury 

concentrations in the 0-10 cm. 

 

Sediment was collected at the surficial 0-5 cm depth as well as 0-10 cm depth at certain stations 

for comparison of mercury concentrations.  These comparisons are shown in Figure 7A and 

Table 4.  The greatest different was noted at site 101, where [THg] was 3 higher in the 0-5 cm 

fraction, and at Site 27, where [THg] was an order of magnitude higher in the 0-5 cm fraction 

than the 0-10 cm fraction (Table 4).  Since industrial releases of mercury to the St. Lawrence 

River at Cornwall ended in 1995, the 0-5 cm layer is expected to be lower, not higher, in [THg] 

than the 0-10 cm layer.  Increase in [THg] with sediment depth was observed in 1994 for the 

Cornwall waterfront area (Richman and Dreier 2001), and in 2004 and 2005 (Delongchamp et al. 

2009).  It is possible that redistribution of contaminated sediments or patchy horizontal 

distribution may explain results.  (The 0-5 cm sediment and 0-10 cm sediment samples were 
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from separate sampler casts.)  Generally, concentrations of total Hg were fairly similar between 

0-5 and 0-10 cm fractions at most other sites (Figure 7A).  

8.2.2 Methyl Mercury 

Methyl mercury concentrations (Table 3, Figure 5B) ranged from 0.19 to 0.98 ng/g (median 0.63 

ng/g) at reference sites and from 1.85 to 6.04 ng/g (median 3.06 ng/g) at test sites.  The highest 

concentrations were found in Zone 2 (median 4.48 ng/g), followed by Zone 1 (median 2.95 

ng/g).  The lowest [MeHg] was found in Zone 3 (median 2.27 ng/g), not quite following the 

same pattern as total Hg, where higher concentrations were found in Zone 3 than Zone 1.  The 

fraction of methyl mercury relative to total mercury at test sites was low (mean = 0.4 %), similar 

to that found in 2001 (0.6%).  As they did for total Hg, all test sites exceeded the maximum for 

the reference sites.  Exposed site [MeHg]s exceeded the reference site maximum by lesser 

amounts than was the case for THg: up to 5.4, 2.4, and 6.2 for Zones 1, 3 and 2, respectively.  

In 2001, reference site [MeHg]s ranged from 0.23 to 1.14 ng/g dry wt (median 0.57 ng/g), very 

similar to current 2007 concentrations.  Reference site exceedences in 2001 were also similar to 

2007, up to 4.7, 2.3, and 4.2 for Zones 1, 3 and 2, respectively.  Overall test site [MeHg]s in 

2001 (for Zones 1,3 and 2) ranged from 0.72 to 5.35 ng/g (median 2.42 ng/g), slightly lower than 

that observed in the current study.  Figure 8 shows changes in [MeHg] in sediment for 2007 

relative to 2001 for resampled sites only.  At 8 of 11 sites, [MeHg] increased significantly in 

2007, opposite to the case for total Hg.   

 

Sediment collected at the surficial 0-5 cm depth as well as 0-10 cm depth at certain stations for 

was also analyzed for methyl mercury (Figure 7B, Table 4).  Concentrations of MeHg were 

fairly similar or higher in the 0-5 cm fraction of sediment than the 0-10 cm at most sites. The 

greatest differences were noted in Zone 2, where 5 higher [MeHg] was found in the 0-5 cm 

than the 0-10 cm at Site 27; a similar pattern was observed for total Hg at this site (see above). 

(Note: Zone 1 also had high sediment [MeHg], specifically at Sites 183 and 184, but there are no 

0-5 cm data available for these sites.)  Whether the methyl Hg was a result of in situ production 

or transportation from upgradient sources cannot be determined from this study.  Delongchamp 

et al. (2009), however, suggest that enrichment of MeHg in the upper relative to lower sediment 
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layers that they found in the Cornwall area in 2004 and 2005 was evidence of higher mercury 

methylation at the sediment surface compared to the subsurface.  

 

There was a strong positive relationship between log(x)-transformed methyl mercury and log(x)-

total mercury in the sediment (r2=0.82, p 0.0001, n=19) (Figure 9).  All values except one (Site 

183) were within the 95% prediction bands of the regression equation. (In 2001, r2=0.70, p 

0.001, n=34.)  

8.3 Supplementary Sediment and Water Physico-Chemical Properties 

8.3.1 Overlying Water 

Conditions of overlying water 0.5 m above the sediment were similar at reference and test sites, 

with overlapping ranges and very similar medians for each variable (Table 5).  The ranges across 

sites were low and similar to that in 2001 (value in brackets): temperature 1.5C (2.8C), 

dissolved oxygen 1.9 mg/L (1.5 mg/L), alkalinity 3.5 mg/L (4.0 mg/L), pH 0.7 units (0.5 units), 

conductivity 7 S/cm (18 S/cm), total P 0.01 mg/L (0.05 mg/L), total Kjeldahl N 0.13 mg/L 

(0.13 mg/L), nitrates/nitrites 0.05 mg/L (0.12 mg/L), and ammonia 0.05 mg/L (0.02 mg/L). This 

suggests a homogeneous water mass across sampling sites.  Site depth across sites was also fairy 

similar, ranging from 6.1 to 10.7 m (median 6.8 m) and from 2.7 to 10.9 m (7.5 m), at reference 

sites and test sites, respectively (Table 5). 

8.3.2 Sediment Particle Size 

At test sites, percents sand, silt, and clay ranged from 4.4 to 98.6% (median 24.1%), 0 to 64.4% 

(median 43.8%), and 1.3 to 38.7% (median 30.3%), respectively (Table 6).  Two of the twelve 

test sites (EHB and 31) had gravel present in very low amount (0.1 and 0.4%).  At reference 

sites, percents sand, silt, and clay ranged from 0.4 to 94.2% (median 5.4%), 0 to 74.9% (median 

61.5%), and 5.8 to 46.3% (median 29.9%), respectively (Table 6).  No reference sites contained 

gravel.  There were some differences in sediment types noted between the zones and in some 

cases within a zone.  Zone 1 (n=5) consisted mainly of fines (43 to 62% silt; 28 to 39% clay) 

with the exception of Site EHB, which was almost entirely sand (99%).  Sites in Zone 3 were 

similar consisted mainly of sandy (45 to 60%) silt (24 to 38%).  Four of the five sites in Zone 2 
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consisted mainly of fines (41 to 64% silt; 29 to 35% clay), whereas one site (Site 17) consisted 

mainly of silty (45%) sand (35%).  Four of the six reference sites were quite similar, consisting 

of a high percentage of silty (53 to 75%) clay (20 to 46%), whereas two sites consisted mainly of 

sand (81 to 94%).  Substrate types are important as they can affect contaminant bioavailability, 

benthic community types, as well as mercury methylation rates. 

8.3.3 Trace Metals and Nutrients 

Trace metal and nutrient concentrations are provided in Tables 7a and 7b for test and reference 

sites, respectively.  At exposed sites, total Hg measured by Caduceon Laboratory ranged from 

1.01 to 9.58 µg/g (median 2.26 µg/g) and at reference sites ranged from 0.03 to 0.21 µg/g 

(median 0.10 µg/g).  Up to a magnitude difference in total mercury concentrations was observed 

between these values and those measured by Flett Laboratory on sediment from the same site.  

Most notably, in Zone 2, [THg]sed ranged from 1.72 to 9.58 µg/g compared to 0.78 to 4.06 µg/g 

for Flett (see Section 8.2.1).  In Zone 1, Caduceon results for [THg]sed ranged from 1.01 to 5.38 

µg/g whereas Flett [THg]sed ranged from 0.23 to 0.75.  The highest concentrations were noted in 

Zone 2 by both labs.  As indicated in Method Sections 5.1 and 5.2.1, the sediments sent to labs 

for mercury analysis did not originate from the same sample (i.e., they were not split samples) 

but rather, one sample came from mini-box cores and the other from the series of petite Ponar 

grabs collected to obtain invertebrate tissue, which could help to explain noted differences.  The 

results could reflect within site variability.  High variability in box cores was observed at Site 27 

in Zone 2, where the greatest different in total mercury between lab analyses occurred (0.78 vs. 

9.58 µg/g; Tables 3 and 7a, respectively).  (Visual observations noted that sediments varied from 

silty clay to gravely sand with lots of dead shells present.)  High amounts of wood fibres in the 

sediment samples could also contribute to high variability between sample replicates.  Better 

agreement was observed in sample replicates when the sample was homogenized with a grinder 

prior to analysis (Jeff Ridal, St. Lawrence River Institute of Environmental Science, Cornwall, 

ON, personal communication).  Visual observations at the time of sampling noted the presence 

of wood fibres or lots of organic matter in all zones. 
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Remaining metal concentrations were low, with no exceedences of SELs (Table 7a). 

Exceedences of LELs were noted for several metals in each zone, but this was also of reference 

sites as well (Table 7b). Generally, metal concentrations were highest in Zone 2.  

 

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

sediments are provided in Table 7.  Total Kjeldahl N concentrations were similar at test and 

reference sites, ranging from 835 to 8520 g/g at reference sites (median 3590 g/g) (Table 7b) 

and from 523 to 7970 g/g at the exposed sites (median 4448 g/g) (Table 7b).  Exceedences of 

the SEL for TKN occurred at 3 of the 5 sites in Zone 1 (up to 1.4), 2 of the 5 sites in Zone 2 (up 

to 1.7) and at reference site 1332 (by 1.8).  Total P concentrations were also similar between 

test and reference sites, ranging from 465 to 2080 g/g at reference sites (median 1050 g/g) and 

from 661 to 1460 g/g at exposed sites (median 1050 g/g).  The SEL for TP was marginally 

exceeded at reference site 1332 (there were no exceedences for test sites). TOC was elevated at 

test sites compared to local reference, ranging from 1.1 to 21% (median 4.3%) at test sites (Table 

7a) and from 0.9 to 5.0% (median 3.3%) at reference sites (Table 7b). The TOC values are very 

similar to those reported in 2001: 0.9 to 4.9% (median 3.1%) at reference sites and 2.6 to 21.2% 

(median 3.8%) at exposed sites (Grapentine et al. 2005).  The highest TOC was at Sites 183 and 

184 in Zone 1 (same as 2001), which were also above the SEL by 1.5 to 2.  Organically 

enriched sediment (as well as sediment with a high proportion of fines) may have an increased 

potential for mercury methylation; therefore, some sites in Zone 1 (e.g., 183 and 184) as well as 

some sites in Zone 2 may be at higher risk than others.   

8.3.4 Petroleum Hydrocarbons 

Petroleum hydrocarbon (PHC) concentrations are provided in Table 8.  Overall, total PHCs were 

higher at test sites, which ranged from 85 to 951 µg/g (median 310 µg/g) compared to local 

reference sites, which ranged from non-detect to 230 µg/g (median 67 µg/g).  BTEX (Benzene, 

Toluene, Ethylbenzene and Xylene) and the F1 PHC fractions (C6 to C10) were not detected in 

any samples with the exception of a minor amount of F1 PHCs (11 µg/g) at Site 27 (Zone 2).  

The F2 fraction (C10-C16) hydrocarbons were detected in Zones 2 and 3, ranging from 20 to 360 

µg/g and 33 to 52 µg/g, respectively.  They were not detected at reference or Zone 1 sites.  The 

F3 fraction (C16-C34) hydrocarbons were detected in all samples including the reference sites 
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(except for 1321), but were higher at test sites, ranging from 85 to 740 µg/g; highest 

concentrations were in Zone 2.  Reference site concentrations ranged from 46 to 230 µg/g.  The 

F4 (C34-C50) hydrocarbons (heavy oils) were detected at all test sites, ranging from 40 to 410 

µg/g and were highest in Zone 2.  At reference sites, the F4 PHCs ranged from non-detect (3 

sites) to 100 µg/g.   

 

The gravimetric heavy hydrocarbons (F4G: C24-C50+) were also analyzed at all sites.  The 

F4G PHCs could typically include the very heavy hydrocarbons such as heavy lubrication oils, 

asphaltenes.  The chromatogram at most sites reached baseline at C50 (PHC chain lengths were 

not >50) with the exception of 1 site in Zone 1 (Site 168) and 2 sites in Zone 2 (Sites 5, 17) 

(highlighted in Table 8), where PHC with carbon chain lengths >C50 occurred.  The F4G 

fraction ranged from 400 to 3400 µg/g (median 1850 µg/g) at test sites and from 220 to 1500 

µg/g (median 885 µg/g) at reference sites.  The presence of the very heavy PHCs (C50+) is not 

unique to the St. Lawrence River (at Cornwall).  It has been observed in other AOCs such as 

Hamilton Harbour and the St. Marys River (EC, unpublished).  The F4G fraction ranged from 

840 to 4700 µg/g in Hamilton Harbour sediments and from 230 to 4100 µg/g in St. Marys River 

sediments, slightly higher overall than those found in Cornwall sediments.   

 

The PHC Canada-wide standard (CWS) is a remedial standard for contaminated soil and subsoil 

occurring in the different land use categories and soil textures (CCME 2008).  A summary of the 

numerical levels for the different land uses and soil textures is provided below.  Sediment PHC 

concentrations were compared to the soil remedial standards since no such standards exist for 

sediments.  In cases where both the F4 and F4G results are reported (as for this study), the 

greater of the two was compared to the F4 guideline. 
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Summary of numerical levels (mg/kg) for each PHC fraction (CCME 2008). 

Land Use Soil Texturea F1 F2 F3 F4b 

Agricultural Coarse 30 150 300 2800 

 Fine 210 (170) 150 1300 5600 

Residential/Parkland Coarse 30 150 300 2800 

 Fine 210 (170) 150 1300 5600 

Commercial Coarse 320 (240) 260 1700 3300 

 Fine 320 (170) 260 (230) 2500 6600 

Industrial Coarse 320 (240) 260 1700 3300 

 Fine 320 (170) 260 (230) 2500 6600 
a Coarse=median grain size  75 µm; fine=median grain size ≤75 µm 

b normal straight-chain hydrocarbon boiling point range of C35+ 

 

With the exception of site EHB and reference sites 1321 and 1327, all sites had a mean (median 

size not available for the sites) grain size of < 75 µm (Table 6) and therefore were considered 

fine textured.  Site EHB was coarse textured (particle size means of 240 µm), as were the two 

reference sites (particle size means of 144 and 170 µm, respectively).  The Cornwall waterfront 

is a combination of residential (Zone 2), commercial (Zone 1) and industrial (Zone 3) areas; 

therefore, PHC concentrations were compared to the numerical levels for these land use 

categories.  All PHC concentrations were below the CCME CWS levels for each fraction.   

8.3.5 Oil and Grease 

Oil and grease was elevated at test sites, which ranged from 960 to 7600 mg/kg (median 3550 

mg/kg) compared to local reference sites which ranged from 370 to 3300 mg/kg (median 2300 

mg/kg) (Table 8).  Oil and grease was overall highest in Zone 1 (median 3800 mg/kg) followed 

by Zone 2 (median 3300 mg/kg) and Zone 3 (3230 mg/kg). 

 

8.4 Invertebrate Mercury Levels 

8.4.1 Total Mercury 

On a whole-body, uncleared-gut basis, chironomids showed the greatest range of total Hg 

concentration (44 to 1020 ng/g dw, median 127 ng/g, n=19) (Table 9). The snails (25 to 130 
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ng/g, median 65 ng/g, n=6) and amphipods (34 to 169 ng/g, median 80 ng/g, n=8) showed 

similar range in concentration.  Where Hg data exist for all three taxa (5 sites), bioaccumulation 

was highest in chironomids at four sites and in snails at one site.    

 

Figure 10A shows the concentration of total Hg for all three taxa compared to concentrations at 

reference sites.  The 99th percentile of the reference sites for each taxon is indicated in the graph. 

The mean [Hg] for the 2001 reference sites is also provided. 

 

Chironomids – Total Hg   

Chironomids were collected at all test and reference sites (n=19).  All test site concentrations 

were above the 99th percentile of the reference sites – indicated by the dashed line in graphs 

(Figure 10A).  The order of decreasing mean total Hg concentrations for the exposed areas was: 

Zone 2  Zone 3  Zone 1.  Total Hg concentrations in chironomids from exposed sites ranged 

from 1.1 to 11 (Zone 2) the reference site maximum. 

 

Snails – Total Hg   

Snails were collected at six sites: two sites in Zone 1, one site in each of Zones 3 and 2 and two 

reference sites.  Site 64 in Zone 2 was slightly above the 99th percentile for reference sites and 

remaining test sites were below (Figure 10A).  Total [Hg] in snails from Site 64 was 1.4 the 

reference maximum. 

 

Amphipods – Total Hg   

Amphipods were collected at eight sites: two in Zone 1, one in each of Zones 3 and 2, and 4 

reference sites.  All four exposed sites from which amphipods were obtained were above the 99th 

percentile for the reference sites (Figure 10A).  The order of decreasing mean total Hg 

accumulation was: Zone 3  Zone 1  Zone 2.  Total Hg concentrations in amphipods from 

exposed sites ranged from 1.4 to 2.5 the reference site maximum. 

8.4.2 Methyl Mercury 

The chironomids also showed the greatest range of methyl Hg concentrations (1.4 to 80.5 ng/g 

dw, median 6.8 ng/g, n=19), followed by the snails (7.3 to 43 ng/g, median 17.5 ng/g, n=6) and 
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amphipods (23 to 70 ng/g, median 34.5 ng/g, n=8) (Table 10).  Looking at the five sites where 

complete data exist for all three taxa the amphipods accumulated the most methyl Hg at four of 

the five sites and the snails accumulated the most total Hg at one site (similar to the pattern 

observed in 2001 where amphipods accumulated the most methyl Hg at 60% of the sites, 

followed by the snails (40%), and chironomids (0%)).   

 

Figure 10B shows the concentration of methyl Hg for all taxa compared to concentrations at 

reference sites.  The 99th percentiles for each taxon and the mean for the 2001 reference data are 

indicated in the graph.  

 

Chironomids – Methyl Hg   

Sites exceeding the maximum for reference sites included one site in each of Zones 1, 3 and 2. 

The order of decreasing mean methyl Hg accumulation was: Zone 1  Zone 3  Zone 2, which 

differed from that observed for total Hg.  Methyl Hg concentrations in chironomids at exposed 

sites ranged up to 3.5 the reference site maximum. 

 

Snails – Methyl Hg   

No sites were above the maximum for reference sites.  The maximum reference site 

concentration was 42.6 ng/g at Site 1327 while test site [MeHg]s ranged from 9.6 to 21 ng/g.  

 

Amphipods – Methyl Hg  

Three of the four exposed sites were above the reference maximum: one in each of Zone 1 (Site 

184), Zone 3 (Site 108) and Zone 2 (Site 64).  The order of decreasing mean methyl Hg 

accumulation was: Zone 3  Zone 1  Zone 2.  Zones 2 and 1 were similar in [MeHg].  

8.4.3 Comparison of Tissue Mercury Concentrations: 2007 vs. 2001 

Figures 11 to 13 show differences between years in total and methyl mercury concentrations in 

the three benthic invertebrates for sites that were sampled in both 2001 and 2007.  There were 

18, 5 and 5 resampled sites for chironomid, snail and amphipod collections, respectively.  Total 

and methyl Hg concentrations for each invertebrate taxon at each site, are also shown in Figures 

14 and 15, respectively.  
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Chironomids  

There was no strong trend for total or methyl Hg concentrations in chironomids.  For THg, 5 of 

11 sites had significantly lower concentrations in 2007 compared to 2001, while 3 of 11 sites had 

higher concentrations (Figure 11A).  For MeHg, a significant increase and decrease in 

concentration was observed at 1 site each (Figure 11B).  Chironomids collected in 2007 had total 

[Hg]s up to 6.4 lower (Site 108, Zone 3) and up to 23 higher (Site 17, Zone 2) compared to 

2001 (Figure 11A, 14).  Methyl [Hg]s in 2007 were up to 3 lower at one site in Zone 3 (Site 

101) and 2 higher at the other site in Zone 3 (Site 108) (Figure 11B, 15).  

 

On a per zone basis, mean total [Hg]chir decreased in Zones 1 and 3 and remained approximately 

the same in Zone 2; reference concentrations were very similar Figure 11A, 14).  Mean methyl 

[Hg]chir was slightly higher in 2007 than in 2001 in all zones; reference concentrations were 

almost identical (Figure 11B, 15).  Average differences for total Hg between years for Zones 1, 3 

were 173, 527 ng/g dw, and for Zone 2 was 95 ng/g dw.  Differences for methyl Hg were much 

less at 16.6, 7.3 and 3.5 ng/g dw, for Zones 1, 3 and 2, respectively.   

 

Snails 

Concentrations at test sites were lower in 2007 than 2001 for both total Hg, by up to 7.8, and 

methyl Hg, by up to 4.9 (Site 183, Zone 1) (Figure 12, 14, 15).  Note: sufficient snail tissue for 

chemical analysis could not be collected from sites in Zone 3. 

 

On a per zone basis, mean [Hg]snail were also lower in Zone 1 for both total Hg and methyl Hg 

(Figure 12).  The change in [THg]snail and [MeHg]snail for the single resampled site in Zone 2 was 

less than that observed for the reference sites.  Average differences for total Hg between years 

for Zones 1 and 2 were 206 and 43 ng/g dw.  Differences for methyl Hg were much less at 18.7 

and 13.3 ng/g dw, for Zones 1 and 2, respectively. 

 

Amphipods   

Total [Hg]amp was lower in 2007 at all test sites (Figure 13A, 14) by as much as 2.6 (Sites 184 

and 64, in Zones 1 and 2, respectively).  Methyl [Hg]amp were slightly lower at 2 of the 3 test 

sites by up to 1.2, and was 2.6 higher at one test site (184, Zone 1) (Figure 13B, 15).   
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Differences between years for the single sites in Zones 1, 3 and 2 were 127, 75, and 186 ng/g dw, 

respectively, for total Hg.  Differences for methyl Hg were much less than those for total Hg at 

31.4, 6.1 and 7.5 ng/g dw for the sites in Zones 1, 3 and 2, respectively.   

8.4.4 Biota-Sediment Accumulation Factors 

A biota-sediment accumulation factor (BSAF), based on whole-body, uncleared-gut 

concentrations was calculated for each invertebrate taxa 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.  BSAFs assume that the 

concentration of contaminant in the organism is a linear function of the contaminant 

concentration in the sediment.  It is important to note, however, that gut contents, which were 

included in the mercury analyses of the biota, could obscure true BSAFs.  As the amount of 

sediment in the gut increases, the measured BSAF will converge to 1.  A true BSAFs  1 will be 

overestimated because the concentration in the sediment is greater than the tissue concentration, 

whereas a true BSAFs 1 will be underestimated because sediment concentrations are lower than 

that found in the tissue (Bechtel Jacobs 1998). 

 

BSAFs for total and methyl Hg are shown by zone for each taxon in Figure 16.  (Note: there 

were no snail tissue data for Zone 3 therefore BSAFs could not be calculated).  For total 

mercury, BSAFs at test sites were  1 for all taxa except one site in Zone 1 (EHB) for 

chironomids (BSAF = 2.3).  Reference site BSAFs were higher than test site BSAFs, similar to 

what was found in 2001. (Reference sites and sites in Zone 4, which had the lowest sediment 

[Hg], had the highest BSAFs; Grapentine et al. 2005.)  Overall BSAFs for total Hg ranged from 

0.06 to 2.3 at test sites (median = 0.2) and from 0.25 to 8.7 at reference sites (median = 0.8) and 

were slightly lower than that found in 2001, which ranged from 0.02 to 7.1 at test sites (median = 

0.3) and from 0.15 to 6.7 at reference sites (median = 1.2).  Methyl Hg accumulated in biota to 

much higher concentrations than that found in sediment; BSAFs were 1, ranging overall from 

1.1 to 37 at test sites (median = 4.2) and from 2.5 to 226 at reference sites (median = 17.5).  On a 

per zone basis, Zone 3 BSAFs ranged from 4 to 30, Zone 1 from 1.1 to 37 and Zone 2 from 1.2 

to 11.  In 2001, BSAFs for MeHg ranged from 0.7 to 49 at test sites (median = 14.6) and from 

2.1 to 100 at reference sites (median = 22.9) (Grapentine et al. 2005).  
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8.5 Relationships between Mercury in Sediment and Invertebrates 

8.5.1 Total mercury 

Concentrations of total Hg in each invertebrate taxon vs. total Hg in sediment are plotted in 

Figures 17A to 19A, with fitted regression lines using sediment [THg] alone as the predictor.  

For chironomids (n=19) and amphipods (n=8), the slopes were significant (P  0.009) with r2 

values of 0.51 and 0.70, respectively (Figures 17A and 19A).  For the snails, which had a very 

low sample size (n=6), the relationship was not significant (r2=0.04, p=0.69) (Figure 18A). 

Prediction of biota [THg] was improved for the chironomids and amphipods by including 

sediment or overlying water nutrient and grain size variables as additional predictors (Table 11). 

These brought the R2
adj values from 0.49 and 0.66 to 0.80 and 0.88 for the chironomids and 

amphipods, respectively, and [THg]sed was the strongest predictor and remains highly significant 

(P 0.003).  For the snails, no additional predictors improved the model.  For the chironomids, 

overlying water phosphorus and grain size were important in the relationship, while for the 

amphipods, acid volatile sulphide (AVS) and sulphate were important (Table 11). 

 

In 2001, significant slopes (P  0.004) for the single predictor models were found for all three 

taxa, including the snails (Grapentine et al. 2005), with R2
adj values of 0.24 (snails, n=29), 0.58 

(chironomids, n=34) and 0.65 (amphipods, n=10).  Sample sizes were larger however in 2001 

compared to the current study, with the exception of amphipods.  For the chironomids and 

amphipods, [THg]sed was the strongest predictor and remained highly significant (P 0.001), 

whereas for the snails [THg]sed became less significant (P=0.041) after TOC and TKN were 

included in the model.  Nevertheless, even after fitting other sediment (and, for snails and 

amphipods, overlying water) variables to the regressions, [THg]inv was strongly related to 

[THg]sed. The slope for the chironomids was more than double those for the snails and 

amphipods, which were of similar magnitudes. 

 

Concentrations of Hg in the benthic invertebrates were measured without clearing their guts. 

Thus, a fraction of the observed [Hg]inv could include sediment-bound Hg in the gut.  While this 

is relevant for assessing uptake of Hg by predators of invertebrates, which consume whole 
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organisms, it probably accounts for the strong [THg]sed - [THg]inv relationship for amphipods and 

chironomids.   

8.5.2 Methyl mercury 

With [MeHg]sed alone as the predictor, there were no statistically significant relationships for any 

of the three taxa (Figures 17B to 19B, Table 11); the slope for the snails was negative (Figure 

18B). With additional predictors, the regressions were significant for the chironomids and 

amphipods, with R2
adj values going from 0 and 0.25 to 0.74 and 0.80 for the chironomids and 

amphipods, respectively.  For the chironomids, iron and manganese were important in the 

relationship, while sediment sulphate levels were important in the amphipod relationship.  For 

the snails, no additional predictors improved the model.  These results show some agreement 

with those of a 2005 study of Cornwall area sediments by Canário et al. (2008), in which sulphur 

species, as well as Fe and Mn oxy-hydroxides, were found to be important factors for Hg 

speciation in sediment. 

 

In 2001, with [MeHg]sed alone as the predictor, only the snail regression was significant 

(p=0.028) with R2
adj value of 0.14.  With additional predictors, the regressions are made 

significant for all three taxa (Preg = 0.045, 0.002 and <0.001 for amphipods, chironomids and 

snails, respectively), with R2
adj = 0.36, 0.48 and 0.57 for the chironomids, snails and amphipods, 

respectively.  In 2001, AVS and sulphate were not analysed.  Significant predictors of [Hg] in 

invertebrates were sediment grain size, nutrient, iron, manganese, and Hg variables.    

Invertebrate MeHg concentrations were influenced by sediment MeHg concentrations, but to a 

lower extent than [THg]inv was by [THg]sed, and this is similar to that found in the current study. 

Concentrations of MeHg in sediment were generally 2-3 orders of magnitude lower than those 

for total Hg.  Therefore, it was not surprising that the [MeHg]sed - [MeHg]inv relationship was 

weaker than the [THg]sed - [THg]inv relationship. 

8.6 Prediction of Mercury in Cornwall Receptors of Concern 

8.6.1 Presentation of Model Outcomes 

Predicted concentrations of methyl mercury in each receptor species at each sampling site are 

provided in Table 12.  Receptor MeHg concentrations are presented separately for “Minimum”, 
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“Intermediate” and “Maximum” levels of mercury exposure and uptake scenarios.  Predictions, 

based on the “Intermediate” and “Maximum” exposure and uptake scenarios are shown 

graphically for the three fish ROCs in Figure 20 and 21, respectively.  In both figures, predicted 

[MeHg]rec for the ROC are presented in bar charts comparing reference and exposed sites/areas. 

The maximum (= 99th percentile) of the predicted [MeHg]rec for the reference sites and the tissue 

residue guideline (TRG) for the fishes are marked in each figure.     

8.6.2 Exceedences of Criteria 

Methyl Hg – minimum 

The low predictions of [MeHg]rec resulted in 1 of the 12 exposed sites (Site 108 – Zone 3) 

exceeding the TRG for perch by 1.7 (Table 12).  This site also exceeded the maximum 

predicted concentration for the reference sites for all receptors by 3.  The same pattern of 

[MeHg]rec values among sites occurs for all receptors in all three exposure and uptake scenarios.  

 

Methyl Hg – intermediate  

The intermediate predictions of [MeHg]rec resulted in 0 sites for the sucker, 2 sites for the perch, 

and 4 sites for the walleye exceeding the TRG (Table 12, Figure 20).  The TRG was exceeded by 

1.1 to 3.5 at exposed sites.  Among reference sites, 0, 1, and 3 sites have predicted [MeHg]rec 

exceeding the TRG for sucker, perch and walleye, respectively.  Of the sites exceeding the TRG, 

two sites also exceeded predictions for the reference sites (Table 12, Figures 20 and 21).  One 

site is in Zone 1 (EHB) and one site is in Zone 3 (108). The highest magnitude of exceedence 

was 2.3 the reference maximum (99th percentile) for Site 108.   

 

Methyl Hg – maximum 

The maximum predictions of [MeHg]rec resulted 0 sites for the sucker, 4 sites for the perch, and 8 

sites for the walleye exceeding the TRG (Table 12, Figure 21).  The TRG was exceeded by 1.4 to 

18 at exposed sites.  Among reference sites, 0, 3, and 4 sites have predicted [MeHg]rec 

exceeding the TRG for sucker, perch and walleye, respectively.  Of the sites exceeding the TRG, 

two sites also exceeded the maximum predictions for the reference sites.  These two sites were 

EHB (Zone 1) and 108 (Zone 3), the same sites as for intermediate predictions.  The highest 

magnitude of exceedences was 1.9 the reference maximum for Site 108. 
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Site Assessments: 2007 vs. 2001 

Individual site assessments for mercury biomagnification potential for the maximum (worst case) 

exposure and uptake scenario for yellow perch and walleye are provided in Table 13.  Predicted 

methyl mercury bioaccumulation in fish greater than both the TRG and the maximum for 

reference sites is indicated by “”; predicted methyl mercury bioaccumulation in fish less than 

either the TRG or the maximum for reference sites by “”.  In 2001, the number of sites that 

exceeded the criteria for perch and walleye were 9 sites each compared to 2 sites for both perch 

and walleye in 2007.  However, there were a greater number of sites sampled in Zone 2 in 2001, 

and Zone 4 was not sampled in 2007.  Examining just the resampled sites (11 sites), the number 

of sites exceeding the criteria was 6 in 2001 compared to 1 in 2007.  The other site that exceeded 

the criteria in 2007 was site EHB, which was not sampled in 2001.  The greatest difference was 

in Zone 2 where 3 (resampled) sites no longer exceeded the criteria in 2007.  In Zone 3 (n=2), 

one site was consistently above criteria for both years (for both fish) while the other site did not 

exceed criteria in 2007. 

 

On a per zone basis, averaged [MeHg]rec for 2007 and 2001 are provided in Table 14.  In 2007, 

mean [MeHg]rec exceeded the TRG for Zone 3 for the intermediate and maximum perch and 

walleye scenarios.  The TRG was also exceeded in Zones 1 and 2 for the maximum walleye 

scenario. (Zone 4 was not assessed in 2007.)  The areas range in size roughly from 0.2 ha for 

Zone 3 to 8.5 ha for Zone 2.  Fishes with foraging areas less than these sizes could potentially 

accumulate Hg to levels above the TRG, whereas those with larger foraging areas would be 

expected to accumulate less Hg.  Predicted [MeHg]rec were lower in 2007 than in 2001, where 

the TRG was exceeded in Zones 1, 2 and 3 for perch and walleye under the maximum scenarios 

(Table 14).  For perch, differences of 11 to 140 ng/g ww methyl Hg were noted between years, 

and for walleye, differences of 17 to 909 ng/g ww were noted.  The greatest difference between 

years in predicted [MeHg]rec was for Zone 3.  

8.6.3 Observed Mercury Levels in Fish from Cornwall  

Since the 2001 Cornwall study (Grapentine et al. 2005), relevant data on mercury in yellow 

perch for selected zones along the St. Lawrence River waterfront at Cornwall area have been 

collected (Fowlie at al. 2008).  In 2004-05, yellow perch were collected from Zones 1 and 2 as 
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well as two local reference areas.  While other sources of mercury beyond Zones 1 and 2 of the 

study area could contribute to receptor mercury burdens, measured [Hg] in these fairly recently 

sampled fish are indications of actual, as opposed to potential, biomagnification in the Cornwall 

area.  Fishes collected from Zone 1 were found be the most contaminated (2.3-3.6 higher than 

the reference areas and Zone 2).  Mean (arithmetic) total mercury in yellow perch (skinless 

dorsal tissue, non spawners 52 to 235 mm in length) ranged from 145 to 265 ng/g ww (range 42 

to 488 ng/g, n=5-65) in Zone 1.  In Zone 2, mean total mercury in perch (61 to 221 mm in 

length) was 138 ng/g (range 13-324 ng/g, n=31).  While some of these perch concentrations fall 

within the intermediate and maximum exposure and uptake scenario indicated in Tables 12, 

actual perch concentrations are generally higher than indicated under the maximum prediction 

scenario, and the overall means for Zones 1 and 2 are 2 to 3-fold higher than those indicated in 

Table 14.   

8.7 Benthic Invertebrate Community 

All test and reference sites had the highest probability of belonging to Great Lakes (GL) 

Reference Group 1 (Table 15).  Probabilities were quite high, ranging from 87 to 99.9%, 

indicating a good match to this reference group. 

 

Reference Group 1 has 108 sites from Georgian Bay (39), the North Channel (24), Lake Ontario 

(21), Lake Erie (16), Lake Huron (4), and Lake Michigan (4).  This group is characterized 

mainly by Chironomidae (midge – 39.9% occurrence), followed by Tubificidae (oligochaete 

worm – 16.7% occurrence) and Sphaeriidae (fingernail clam -14.5% occurrence) and to a lesser 

degree, Asellidae (isopod – 5.5% occurrence), Naididae (oligochaete worm – 4.3% occurrence), 

and Sabellidae (polychaete worm – 3.6% occurrence).  Haustoriidae (amphipod), Valvatidae 

(snail), Dreissenidae (zebra mussel) and Gammaridae (amphipod) also occur, but infrequently 

(1.6 to 2.2% occurrence).  These ten families make up 92% of the total families found in GL 

Reference Group 1.  Table 16 shows the mean abundance (per 33 cm2 – the area of the sampling 

core tube) of these Group 1 families that were found at the test and local reference sites. 

Complete family abundances (including the families that are not part of the 38-family 

bioassessment) are provided in Appendix B, Table B1.   
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Cornwall test sites consisted mainly of chironomids (range: 7.2 to 117.4 per 33 cm2), tubificid 

worms (range: 1.0 to 49.2 per 33 cm2), and naidids worms (range: 0.08 to 38.6 per 33 cm2), 

which were present at all test sites (Table 16).  With the exception of 2 sites in Zone 1 (184,168) 

and 1 site in Zone 3 (108), chironomid abundances were elevated compared to the GL Group 1 

mean (13.4/33 square cm) by 1.4 to 8.8.  Tubificid abundances at test sites were elevated at 

about half the test sites by up to 8.8 compared to the Group 1 mean (5.6 per 33 square cm).  In 

comparison, 6 of the 7 local reference site abundances of these two taxa were also elevated 

compared to the GL reference mean. Chironomids ranged from 3.9 to 191 per 33 cm2 (elevated 

by up to 14) and tubificids ranged from 3.6 to 52 per 33 cm2 (elevated up to 9).  Other than 

sphaeriids clams (present at 67% of test sites) and gammarid amphipods (occasionally present at 

a few sites in each zone) remaining top GL Group 1 families were mostly absent at both test and 

local reference sites.  

 

Family diversity ranged from 3 to 15 at test sites and from 4 to 13 at local reference sites (Table 

15).  Family diversity was lower than the GL reference mean (8 taxa) at 2 of the 5 sites in Zone 

1, 1 of the 2 sites in Zone 3, 3 of the 5 sites in Zone 2, and 5 of the 7 local reference sites. One 

site in Zone 1 (183) had very high diversity (greater than two standard deviations (SD) of the GL 

reference mean). 

 

The mean relative abundances of the predominant macroinvertebrate taxa (chironomids, 

tubificids, naidids snails, sphaeriids, amphipods and other taxa) per zone are shown in Figure 22.  

Generally, the benthic community in all zones of the river as well as the local reference appeared 

to be fairly similar in family composition.  In all zones as well as local reference, the 

chironomids comprised from 50% to almost 70% of the macroinvertebrate community.  Zone 1 

and the local reference were most similar in midge composition (50-54% chironomids), while 

Zones 3 and 2 were most similar in midge composition (68-69% chironomids).  Tubificid and 

naidid worms were the next most abundance taxa in all areas, comprising from 17 to 29% and 

from 6 to 24% of the benthic community, respectively.  Snails (Hydrobiidae, Ancylidae, 

Planorobidae and Pleuroceridae), sphaeriid clams, and amphipods (Gammaridae and 
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Hyalellidae) comprised  1.7% of the community while other taxa (mites, mayflies and 

caddisflies mainly) comprise  4.6%.    

 

The results of the BEAST multivariate assessment of test and local reference sites are 

summarized in Table 17.  Three axes adequately described the variation in data. Stress, which is 

a measure of the goodness of fit between the distances among points in ordination space and the 

matrix input distances, is indicated in Table 17.  The larger the disparity the larger the stress and 

generally stress  0.20 is poor.  The stress for all site assessments was < 0.16, which was fair. 

Ordination plots are provided in Appendix C, Figures C1 to C3 with each figure representing a 

subset of Cornwall test data (5 to 7 site data) summarized on two axes.  

 

Ten of the 12 test sites were equivalent to reference (Band 1) (Table 17).  Sites 183 (Zone 1) and 

101 (Zone 3) were possibly different than reference (Band 2).  Movement of Site 183 outside of 

reference is associated with the increased abundance of chironomids and naidids as indicated in 

the ordination plot by the shift of these sites away from the reference centroid in the same 

direction as the Chironomidae and Naididae vector (Appendix C, Figure C1).  No sites show 

strong evidence of an altered benthic community (i.e., no sites fell in Band 3 or Band 4).  Five of 

the seven local reference sites were also equivalent to GL reference and two (1327, MA1) were 

possibly different (Table 17).  The relationship between the benthic community response and 

habitat variables was examined by correlation of the ordination of the community data and the 

habitat information (excluding organic contaminants).  There were no high correlations for any 

variables (r2 0.12), including mercury (r2=0.05).  

 

Comparison to 1997 Study 

BEAST results from the current (2007) study were compared to those from 1997 (Reynoldson 

1998), the last time the benthic community was assessed by the same methods.  In the 1997 

study, the BEAST ordination assessment was conducted using a generic level model whereas the 

current assessment was conducted using a 38-family model.  Nonetheless, the assessment results 

were very similar (Table 17).  Six sites that were sampled in 1997 were resampled in 2007, 1 site 

in Zone 1 (167), and 5 sites in Zone 2 (Sites 5, 17, 27, 31, 64).  Two sites in Zone 2 were 

possibly different than reference (Sites 27 and 64) (cf. equivalent to reference in the current 
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study) and the remaining four sites fell in Band 1 (same band as 2007 sites), indicating similar or 

improved conditions in 2007.  A comparison of taxon abundance and diversity for the six 

resampled sites are provided in Appendix B, Table B2.  Four of the six sites sampled in 2007 had 

increased diversity compared to 2001 sites.  Family diversity differences of 1 to 9 taxa were 

noted between sampling years.  Differences in taxon diversity at most sites varied between 1 to 3 

taxa, with the exception of sites 31 and 64.  Most notable was Site 64, where 12 taxa were 

present in 2007 compared to only 3 (chironomid and 2 mites) in 1997, indicating some improved 

conditions at this site.  Site abundances varied from 44 to 78/cm2 (median 70/cm2) in 2007 

compared to 30 to 104/cm2 (median 59/cm2) in 1997.  Increased abundances in 2007 (3 sites) 

were generally due to the higher numbers of chironomids and oligochaete worms (tubificids and 

naidids); decreased abundances in 2007 (2 sites) were due to the lower number of chironomids.  

One site (Site 31) had almost identical abundances, although taxon diversity was higher in 2007.  

Overall, conditions appear to be similar or to have improved slightly at some sites.  

8.8 Sediment Toxicity 

Mean species survival, growth and reproduction in toxicity tests are shown in Table 18.  (Note: 

toxicity tests were not conducted on Site 108 (Zone 3) due to problems with sediment collection 

– see Section 5.1.)  The results of the BEAST multivariate assessment of test and local reference 

sites are summarized in Table 19.  Three ordination axes adequately described the variation in 

data (Appendix D, Figures D1 to D3).  Stress was ≤ 0.115, indicating that resultant three axes 

represented the original 10-dimensional among-site resemblances well.  Each figure represents a 

subset of Cornwall test data (5 to 7 site data) summarized on two axes.  One site (Site 101 in 

Zone 3) was categorized as severely toxic; two sites (Site 167 in Zone 1 and Site 64 in Zone 2) as 

toxic and; six sites (Sites 183, 168 and EHB in Zone 1, and Sites 5, 27 and 31 in Zone 2) as 

potentially toxic.  The remaining two test sites (Sites 184 and 17) were non-toxic.  Of the seven 

local reference sites, three were categorized as potentially toxic and four were non-toxic (Table 

19).   

 

There were no effects on survival evident at any site.  Sites that fell in the severely toxic, toxic 

and potentially toxic categories were associated with low Tubifex young production, as indicated 

in the ordination plot by the shift of these sites away from the reference centroid in the opposite 
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direction as the Tubifex young vector (Appendix D; Figures D1 to D3).  Tubifex young 

production was highly significantly correlated to axes scores for all ordinations (r2 = 0.91 to 

0.92).  The relationship between integrated toxicological response and habitat variables indicated 

that was examined by correlation of the ordination of the toxicity data and the habitat 

information.  For Sites 167 (Band 3) and 101 (Band 4), Hg and TOC (shown as a vector) were 

significantly correlated to axes scores, although correlations were not high (r2=0.21 and 0.15, for 

Hg and TOC, respectively) (Appendix D, Figure D1).  For Sites 64 (Band 3) and 5, 27, and 31 

(Band 2), Hg (shown as a vector) was also associated site locations in ordination space, but the 

correlation was very weak (r2=0.08) (Appendix D, Figure D2). 

 

The number of young produced at the toxic and severely toxic sites (Sites 167, 101, 5) was low, 

ranging from 0.65 to 5.9 young per adult worm, compared to the GL reference mean of 29 young 

per adult (Table 18).  Low young production was a result of the low percentage of cocoons that 

hatched at these sites or could also be due to toxic effects on the small young worms.  Sites that 

were potentially toxic (Band 2), which also included 3 of the 7 reference sites, also had a low 

percentage of cocoons that hatched and subsequent reduced number of young (Table 18).  

Tubifex survival and gametogenesis (cocoon production by the adult worm) were unaffected at 

all sites and with the exception of low mayfly growth at Site 101 (Zone 3), no other effects were 

evident, with the exception of perhaps mildly lower growth at a few sites for chironomids (Site 

5) and amphipods (Site 168).  

 

Comparison to 1997 EC Study 

Results for the four test endpoints for Tubifex are consistent with those from 10 years previous 

(1997), where reduced cocoon hatching and young production also occurred (Reynoldson 1998). 

(Note: toxicity was not assessed in 2001.)  Comparisons of Tubifex test endpoints for the six sites 

sampled in 1997 and 2007 are shown in Table 20.  The BEAST assessments (based on integrated 

endpoints) for the 1997 sites are provided in Table 19.  Overall, toxicity was more severe in 

2007, although the severely toxic site that was sampled in 2007 (Site 101) was not assessed in 

1997.  Differences were most pronounced for Site 64 (Zone 2), which fell in Band 3 in the 

current study and in Band 1 in 1997 due to a lower percentage of cocoon hatching (24 vs. 36%) 
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and young production (0.7 vs. 5.1 young/adult) in 2007 compared to 1997 (Table 20).  

Consistent with the current study, there were no toxic effects on Hexagenia, Chironomus and 

Hyalella in 1997. 

  

Comparison to 2004 MOE Study 

Toxicity tests were conducted on sediments collected in 2004 by the MOE (Hunter et al. 2004). 

A total of 10 stations were sampled: two in Zone 1, two in Zone 3 and six in Zone 2.  Tests 

included a 14-day Hyalella azteca survival and growth test and 21-day Hexagenia spp. survival 

and growth test.  Significantly reduced amphipod survival compared to control sediment was 

observed at both sites in Zone 3 and 5 of the 6 sites in Zone 2, with mean survival ranging from 

47 to 67%.  Although reduced amphipod growth was observed at 4 of the 6 sites in Zone 2 

compared to control, it was not considered biologically significant (Hunter et al. 2004).  Mayfly 

survival was not found to be significantly impacted but growth was significantly reduced at 4 of 

the 6 sites in Zone 2, with a 71 to 73% decrease compared to control.  Site coordinates were not 

provided in the MOE study therefore site locations relative to the current study are not known.  

However, in the current study (in which the exposure period was longer), significantly reduced 

amphipod survival was not evident in Zone 3 (n=1, 91% survival (Table 18), cf. to 57% in 2004) 

or Zone 2 (n=5, 84 to 95% survival (Table 18), cf. 47 to 83% in 2004).  Significantly reduced 

mayfly growth was also not observed in the current study in Zone 2 (cf. reduction in 2004 study), 

but was observed at Site 101 in Zone 3 (Table 18), whereas in 2004, mayfly growth was quite 

high in Zone 3 (higher than controls) (Hunter et al. 2004).  No significant relationships were 

found between elevated metals in the sediment and toxicity to the amphipod in the 2004 MOE 

study.  In the current study, sediment total Hg was very weakly correlated to integrated 

toxicological response (see above).  Total [Hg]sed was similar between studies for Zone 2 (range 

2 to 11 µg/g in 2004; 0.8 to 9.6 µg/g in 2007) and Zone 1 (0.7 to 0.97 µg/g in 2004; 0.23 to 

0.75 µg/g in 2007 (Flett Research Laboratory analyses) but were up to an order of magnitude 

lower in 2004 (0.24 to 0.31 µg/g) than in 2007 (1.2 to 2.6 µg/g) for Zone 3.  The more severe 

toxicity noted in 2004 to the amphipod despite a shorter exposure period could reflect small scale 

heterogeneity in the zones or possible unmeasured episodic stressors.  Toxicity should continue 

to be monitored in the Cornwall area. 
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8.9 Integration of Lines of Evidence 

Based on the data from the four lines of evidence (sediment chemistry, toxicity and benthic 

invertebrate community structure and Hg biomagnification potential), a decision matrix was 

developed (Table 21).  The information obtained allowed for the assessment of three possibilities 

(EC/MOE 2007): 

1. the contaminated sediments pose an environmental risk; 

2. the contaminated sediments may pose an environmental risk, but further assessment is 

required before a definitive decision can be made; 

3. the contaminated sediments pose a negligible environmental risk. 

 

Interpretation of the overall assessment considered the degree of degradation for each line of 

evidence.  For the sediment chemistry column, sites with exceedences of a sediment quality 

guideline (SQG) – low for Hg were indicated by “”; sites with a SQG-high exceedence of Hg 

by “”.  For the benthos alteration column, sites determined from BEAST analyses as different 

or very different from reference were indicated by “”; sites determined as possibly different 

from reference by “”.  For the toxicity column, sites that had multiple endpoints exhibiting 

major toxicological effects were indicated by “”; sites that had multiple endpoints exhibiting 

minor toxicological effect and/or one endpoint exhibiting a major effect by “”.  For the 

mercury biomagnification potential column, sites where the predicted receptor mercury 

concentration exceeded both the TRG and the predicted 99th percentile for the local reference 

sites under the maximum scenarios were indicated by “”.  Sites with no SQG exceedences for 

mercury, minor toxicological effects observed in no more than one endpoint, benthic 

communities that were equivalent to reference conditions and predicted mercury in fish receptors 

below the TRG or predicted 99th percentile for reference sites were indicated by “”. 

Results indicated: 

1. No further actions needed were indicated at 6 of the 12 test sites,  

2. Fully assess the risk of biomagnification due to Hg was indicated at 2 sites, and  

3. Determine reason(s) for sediment toxicity was indicated at 4 sites.   
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Some sites showed potential toxicity or possible benthos alteration but were not recommended 

for further action relating to these lines of evidence.  In cases where potential toxicity was 

observed but sites were not recommended for further action for this line of evidence (e.g., Sites 

168, EHB, 27 and 31), individual toxicity endpoints were in the non-toxic categories according 

to the numerical guidelines or toxicological effects were minor, being limited to one endpoint 

(either Tubifex young production or percent cocoons hatched) (Table 18).  In cases where 

possible benthos alteration was indicated but sites were not recommended for further action for 

this line of evidence (Sites 183 and 101), the benthic community was not judged to be 

detrimental based on decreased taxon richness or reduced average abundance.  The benthic 

composition at these sites is also similar to that found at local reference sites (Table 16).  

Although the framework was not applied in previous studies, the assessment outcome relating to 

the biomagnification potential line of evidence suggests some slight improvements from 2001, 

based on results from sites that were sampled in both years. 

 

9 CONCLUSIONS 

 

Sediment Mercury 

 All test sites had total mercury levels elevated above local reference sites.     

 Three sites had total mercury concentrations that exceeded the Severe Effect Level; 

highest concentrations were found in Zone 2.   

 Total Hg concentrations were similar to those found in 2001, indicating little change 

overall in total mercury concentrations in the 0-10 cm.  

 Methyl mercury concentrations were also elevated at test sites compared to local 

reference sites; concentrations were slightly higher than those reported in 2001 in Zones 

1, 3 and 2. 

 

Mercury Biomagnification Potential 

 Total and methyl mercury concentrations in sediment and invertebrates (chironomids, 

amphipods and snails) at the majority of sites exposed to historical industrial discharges 

were elevated above those at local reference sites.  
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 Hg was bioaccumulated by benthic invertebrates in all zones of the St. Lawrence 

River to a greater degree than in local reference sites. 

 Total [Hg] in sediment were significantly predictive of concentrations for 2 of the 3 taxa.   

 For methyl [Hg], the relationships were not significant for any taxa.  However, after 

adjusting for effects of other sediment covariables (e.g., iron, manganese, sulphate), the 

relationship was greatly improved (and significant) for 2 of the 3 taxa. 

 Considering sites assessed in both 2001 and 2007, the number exceeding the criteria 

(exceeding reference site conditions and the tissue residue guideline) was 6 in 2001 

compared to 1 in 2007.   

 Based on local collections of yellow perch in 2004-05, the model tends to underestimate 

mercury biomagnification. 

 
Benthic Invertebrate Community 

 No sites showed strong evidence of different benthic communities compared to Great 

Lakes reference sites; some sites showed at most “possibly different” communities.    

 Results were consistent with a 1997 survey, indicating very little change in benthic 

communities. 

 

Sediment Toxicity 

 There were no effects on survival at any site.  

 A low percentage of hatched Tubifex cocoons and low young production was evident at 

three sites but this was also evident at 3 of the 7 local reference sites.  Cornwall results 

were very consistent with a 1997 Environment Canada study. 

 The cause of reduced reproduction was unclear; correlations to total mercury 

concentrations were weak. 

 Toxicity results were not consistent with a 2004 MOE study (Hunter et al. 2004), where 

acute toxicity to Hyalella and chronic toxicity to Hexagenia were observed.   
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Integration of Lines of Evidence 

 Application of the Canada-Ontario decision-making framework for assessment of Great 

Lakes contaminated sediment indicated that no sites were recommended for management 

actions. 

 At two sites, full assessment of the risk of mercury biomagnification was indicated and at 

three sites (one in each of the three zones), determine reason(s) for sediment toxicity was 

indicated.   
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Figure 1.  Location of Zones 1, 2 and 3 and associated fine-grained sediment deposits in the St. 

Lawrence River at Cornwall (from Rukavina 2000). 
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Figure 2.  Invertebrate and sediment sampling locations for 1997 assessment of Reynoldson 

(1998).  
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Figure 3.  Invertebrate and sediment sampling locations for 2001 assessment of Grapentine et al. 

(2005).   
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Figure 4.  Invertebrate and sediment sampling locations for 2007 (current) assessment.  ▲= test 

site (n=12); ● = reference site (n=7). 
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Figure 5.  Total (A) and methyl (B) mercury concentration in surficial sediment (0-10 cm) 

(based on Flett Research Laboratory analyses). The red and blue dashed lines represent the 

provincial Sediment Quality Guideline Severe Effect Level (SEL) and Lowest Effect Level 

(LEL), respectively.
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Figure 6.  Change in total mercury concentrations in sediment at sites sampled in 2001 and 

2007.  Bars represent [THg] for 2007 minus [THg] for 2001. Dashed lines show maximum 

increases (+) and decreases () in [THg] for reference sites since 2001.  [THg] determinations 

are from Flett Research Laboratory.  
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Figure 7.  Comparison of total (A) and methyl (B) mercury concentrations for 0-5 cm and 0-10 

cm sediment sampling depths (Flett Research Laboratory analyses). 
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Figure 8.  Change in methyl mercury concentrations in sediment at sites sampled in 2001 and 

2007.  Bars represent [MeHg] for 2007 minus [MeHg] for 2001. Dashed lines show maximum 

increases (+) and decreases () in [MeHg] for reference sites since 2001.  [MeHg] 

determinations are from Flett Research Laboratory. 
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Figure 9.  Logged relationship between total and methyl mercury in surficial sediment. The 95% 

confidence bands (blue) and prediction bands (red) for the regression equation are shown. 
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Figure 10.  Total (A) and methyl (B) mercury concentrations in resident benthic invertebrates. 
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Figure 11.  Change in total (A) and methyl (B) mercury concentrations in chironomids at sites 

sampled in 2001 and 2007.  Bars represent 2007 minus 2001 concentrations. Dashed lines show 

maximum increases (+) and decreases () for reference sites since 2001.  Mercury 

determinations are from Flett Research Laboratory.  
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Figure 12.  Change in total (A) and methyl (B) mercury concentrations in snails at sites sampled 

in 2001 and 2007.  Bars represent 2007 minus 2001 concentrations. Dashed lines show 

maximum  increases (+) and decreases () for reference sites since 2001.  Mercury 

determinations are from Flett Research Laboratory. 
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Figure 13.  Change in total (A) and methyl (B) mercury concentrations in amphipods at sites 

sampled in 2001 and 2007.  Bars represent 2007 minus 2001 concentrations. Dashed lines show 

maximum  increases (+) and decreases () for reference sites since 2001.  Mercury 

determinations are from Flett Research Laboratory.  
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Figure 14.  Total mercury concentrations in chironomids, snails and amphipods by zone for 

2001 and 2007.  Each line connects [THg] for an individual site in 2001 and 2007.  (No snails 

from Zone 3 were analyzed in 2007; [THg] for sites in 2001 are shown by "+".)  Mercury 

determinations are from Flett Research Laboratory.   



 62

20072001

100

75

50

25

0

Reference

M
e

th
yl

 H
g

 in
 c

hi
ro

no
m

id
s 

(n
g

/g
 d

w
)

20072001

Zone 1
20072001

Zone 3
20072001

Zone 2

20072001

Zone 2
20072001

Zone 3
20072001

Zone 1
20072001

100

75

50

25

0

Reference

M
e

th
yl

 H
g

 in
 s

na
ils

 (
ng

/g
 d

w
)

20072001

Zone 2
20072001

Zone 3
20072001

Zone 1
20072001

100

75

50

25

0

Reference

M
e

th
yl

 H
g

 in
 a

m
p

hi
p

o
d

s 
(n

g
/g

 d
w

)

 
Figure 15.  Methyl mercury concentrations in chironomids, snails and amphipods by zone for 

2001 and 2007. Each line connects [MeHg] for an individual site in 2001 and 2007.  (No snails 

from Zone 3 were analyzed in 2007; [MeHg] for sites in 2001 are shown by "+".)  Mercury 

determinations are from Flett Research Laboratory.   
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Figure 16.  Biota-sediment accumulation factors (BSAFs) for invertebrate taxa from the St. 

Lawrence River (Cornwall) Area of Concern. Boxplots of BSAFs (= [Hg]inv/[Hg]sed) for each 

taxon within areas show interquartile ranges (25th  and 75th percentile - outer boxes), mean (solid 

circle) and median (horizontal line within boxes). An asterix denotes an outlier.  
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Figure 17.  Logged relationship between total (A) and methyl (B) mercury in chironomids and 

sediment.  
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Figure 18.  Logged relationship between total (A) and methyl (B) mercury in snails and 

sediment.  
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Figure 19.  Logged relationship between total (A) and methyl (B) mercury in amphipods and 

sediment.  
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Figure 20.  “Intermediate” predictions of methyl mercury concentrations (ng/g wet weight) in 

fish receptor species for St. Lawrence River (Cornwall) Area of Concern sites. These are from 

calculations using mean [MeHg]inv and medium biomagnification factors. Charts compare 

predicted [MeHg] among receptors, and between reference (green bars) and exposed sites. The 

highest predicted [MeHg] for reference sites is indicated by a green line. The tissue residue 

guideline (92 ng/g ww, CCME 2000) is shown by a red dashed line. 
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Figure 21.  “Maximum” predictions of methyl mercury concentrations (ng/g wet weight) in fish 

receptor species for St. Lawrence River (Cornwall) Area of Concern sites. These are from 

calculations using maximum [MeHg]inv and maximum biomagnification factors. Charts compare 

predicted [MeHg] among receptors, and between reference (green bars) and exposed sites. The 

highest predicted [MeHg] for reference sites is indicated by a green line. The tissue residue 

guideline (92 ng/g ww, CCME 2000), where applicable, is shown by a red dashed line. 
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Figure 22.  Mean relative abundance of predominant benthic macroinvertebrate taxa from 

Cornwall depositional zones and local reference. 
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Table 1.  Sampling coordinates for 1997, 2001 and 2007 studies. Sites in the same row are in the same or similar locations. 

 

Area Site Sampling Easting Northing Site Sampling Easting Northing Site Sampling Easting Northing
Device Device Device

Upstream Ref. 1319 Mini-box Core 506371.1 4984680.3

1320 Mini-box Core 505141.8 4983905.1 1320 Mini-box Core 505141.9 4983907.8

1321 Ponar 514300.8 4985690.5 1321 Ponar 514305.4 4985692.9

1322 Mini-box Core 515122.9 4983020.4 1322 Mini-box Core 515119.8 4983020.1

1323 Mini-box Core 515657.4 4982764.2

1325 Mini-box Core 509857.1 4985759.0

1326 Mini-box Core 507351.4 4983503.2

1331 Mini-box Core 508732.5 4983873.6 1331 Mini-box Core 508734.3 4983872.8

1332 Mini-box Core 515998.5 4985347.7 1332 Mini-box Core 515996.2 4985346.5

Downstream Ref. 1327 Mini-box Core 526730.9 4984006.7 1327 Mini-box Core 526732.6 4984008.0

1328 Mini-box Core 525933.5 4983770.6

A1 Mini-box Core 527311.7 4984070.2 A1 Mini-box Core 527312.8 4984069.7

Zone 1 167 Mini-box Core 521149 4984263 167 Mini-box Core 521173.8 4984281.9 167 Mini-box Core 521173.9 4984281.4

168 Mini-box Core 521206.9 4984278.2 168 Mini-box Core 521204.5 4984281.8

183 Mini-box Core 521111.5 4984161.8 183 Mini-box Core 521110.6 4984167.3

184 Mini-box Core 521151.7 4984213.0 184 Mini-box Core 521152.6 4984209.5

EHB Ponar 521363.3 4984360.6

Zone 3 101 Mini-box Core 523157.5 4984774.4 101 Mini-box Core 523157.4 4984773.5

108 Mini-box Core 523196.2 4984755.9 108 Ponar 523196.8 4984756.9

Zone 2 105 Mini-box Core 523937 4985038 5 Mini-box Core 523952.5 4985067.8 5 Mini-box Core 524216.9 4985177.4

109 Mini-box Core 523978 4985097 9 Mini-box Core 523996.8 4985100.2

16 Mini-box Core 524163.8 4985100.4

117 Mini-box Core 524181 4985227 17 Mini-box Core 524201.9 4985223.3 17 Mini-box Core 524199.7 4985221.7

19 Mini-box Core 524252.2 4985223.2

127 Mini-box Core 524391 4985290 27 Ponar 524419.3 4985285.2 27 Mini-box Core 524421.4 4985285.5

128 Mini-box Core 524479 4985290

131 Mini-box Core 524568 4985395 31 Ponar 524582.0 4985396.2 31 Mini-box Core 524585.1 4985395.4

132 Mini-box Core 524623 4985420

46 Mini-box Core 525164.5 4985713.7

156 Mini-box Core 525505 4985942 54 Mini-box Core 525459.7 4985909.0

164 Mini-box Core 524070 4985168 64 Mini-box Core 524075.0 4985179.5 64 Mini-box Core 524076.4 4985178.7

Zone 4 175 Mini-box Core 525543 4985078 175 Mini-box Core 525574.2 4985096.4

179 Mini-box Core 525940 4985024 179 Mini-box Core 525959.6 4985031.3

173 Mini-box Core 525392.8 4985081.3

176 Mini-box Core 525662.2 4985004.5

182 Mini-box Core 526254.2 4985068.8

171 Mini-box Core 526920.2 4985901

1997 2001 2007
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Table 2.  Environmental variables measured at each site. 

 

Field Water Sediment Benthos 

Latitude Alkalinity Total Mercury Total Mercury 

Longitude Conductivity  Methyl Mercury Methyl Mercury 

Site Depth Dissolved Oxygen  Major Elements  

 pH  Total Phosphorus  

 Nitrate+Nitrite-N Total Kjeldahl Nitrogen  

 Ammonia-N Total Organic Carbon, LOI  

 Total Kjeldahl Nitrogen % Clay, Silt, Sand, & Gravel  

 Total Phosphorus Sulphide (AVS) / Sulphate  

 Temperature    
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Table 3.  Mean total (µg/g dw) and methyl mercury (ng/g dw) in sediment (Flett Research 

Laboratory analysis). Within-site replicates for the four randomly selected quality 

assurance/quality control sites are denoted by a “-” + replicate number. Values exceeding the 

provincial Severe Effect Level for total mercury (2.0 µg/g) are bold and in red. 

 

 

Area/Zone 

 

Site 

Total Hg  (Flett) 

(µg/g)  

dry wt 

Methyl Hg (Flett) 

(ng/g)  

dry wt 

2001 St. Lawrence River  

Reference mean (n=12)a 

0.09 0.58 

U/S Reference  1320 0.060 0.40 

 1321 0.044 0.63 

 1322 0.086 0.63 

 1327 0.011 0.19 

 1331 0.112 0.98 

 1332 0.170 0.95 (0.92)c 

D/S Reference  A1 0.099 (0.101)c 0.75 

Zone 1 183 0.51 6.19 (4.14)c (4.47)cb (5.26)d (5.24)db 

 184 0.75 4.08 

 167-1 0.66 2.59 

 167-2 0.54 3.16 

 167-3 0.62 2.70 (2.66)c 

 168 0.59 2.95 

 EHB 0.23 2.17 

Zone 3 101 1.24 1.79 (1.51)b (3.09)c (2.83)cb (1.44)d (2.63)e 

 108 2.55 2.28 (2.43)c 

Zone 2 5-1 0.99 4.48 

 5-2 1.39 4.71 (4.57)c 

 5-3 1.73 4.64 

 17 2.02 2.69 

 27 0.78 1.85 

 31 4.06 (3.93)c 5.96 (6.11)c 

 64 1.76 4.00 
a Grapentine et al. 2005; brepeat aliquot; cduplicate; dtriplicate; equadruplicate 

U/S=upstream  

D/S=downstream 
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Table 4.  Comparison of sediment total (µg/g dw) and methyl mercury concentrations (ng/g dw) 

in 0-5 and 0-10 cm sampling depths (Flett Research laboratory analysis). 

 

Area/Zone Site Sampling 

Depth 

cm 

Total Hg  

(µg/g)  

dry wt 

Methyl Hg 

(ng/g)  

dry wt 

10 0.060 0.40  

1320  5 0.075 0.53 

10 0.112 0.98 

US Reference 

 

1331  5 0.139 0.67 

10 0.587 2.95 

168  5 0.607 2.00 

10 0.229 2.17 

Zone 1 

EHB  5 0.353 1.74 

10 1.240 2.17 Zone 3  

101  5 3.690 2.77 

10 0.989 4.48 

5-1  5 1.400 6.43 

10 1.390 4.64 

5-2  5 1.320 6.25 

10 1.730 4.64 

5-3  5 1.080 6.39 

10 2.020 2.69 

17  5 0.906 3.01 

10 0.779 1.85 

27  5 7.140 9.06 

10 3.995 6.04 

31  5 3.170 10.2 

10 1.760 4.00 

Zone 2 

64  5 2.280 2.08 

US=upstream 
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Table 5.  Site depth and characteristics of sampling site overlying water. Values are in mg/L 

unless otherwise noted. 

 

Area/Zone  

Site 

Site 

Depth (m) 

Alkalinity

 

Conductivity

µS/cm 

Dissolved 

O2   

NH3 

 

NO3/NO2 

 

TKN pH Temp  

C 

Total P 

 

St. Lawrence R.  Reference 

2001 mean (n=12)a 

 

- 87.3 290 9.9 0.016 0.174 0.232 

 

8.5 14.8 0.017 

US Reference 1320 6.8 80.6 283 8.5 0.023 0.045 0.222 8.8 19.8 0.015 

 1321 6.7 88.2 298 9.4 0.052 0.137 0.324 8.6 21.1 0.013 

 1322 6.6 86.8 298 9.7 0.019 0.133 0.275 8.7 20.9 0.011 

 1327 6.9 88.2 299 9.5 0.021 0.151 0.218 8.7 20.8 0.010 

 1331 8.1 88.5 293 8.1 0.026 0.155 0.238 8.1 19.8 0.011 

 1332 10.7 86.3 297 9.6 0.039 0.123 0.257 8.7 21.0 0.013 

DS Reference A1 6.1 88.1 298 9.2 0.025 0.156 0.196 8.7 20.8 0.013 

Zone 1 183 2.7 86.2 296 9.6 0.031 0.129 0.248 8.7 21.0 0.012 

 184 5.2 87.3 297 9.2 0.024 0.148 0.272 8.7 21.1 0.018 

 167 7.9 87.1 297 9.2 0.061 0.147 0.318 8.3 21.2 0.014 

 168 8.1 86.4 298 9.4 0.024 0.138 0.249 8.6 21.3 0.011 

 EHB 9.2 87.0 298 8.8 0.014 0.147 0.232 8.6 21.3 0.011 

Zone 3 101 7.3 89.7 299 8.3 0.024 0.163 0.243 8.6 19.8 0.011 

 108 6.4 87.5 299 8.2 0.030 0.166 0.245 8.6 19.8 0.014 

Zone 2 5 5.5 87.9 300 8.3 0.018 0.155 0.248 8.5 20.6 0.012 

 17 7.6 88.3 300 8.5 0.019 0.160 0.243 8.6 20.5 0.010 

 27 10.9 88.1 299 8.5 0.020 0.158 0.249 8.6 20.5 0.012 

 31 9.1 88.9 299 8.1 0.030 0.174 0.263 8.5 19.8 0.012 

 64 3.4 87.7 298 10.0 0.020 0.147 0.261 8.8 21.0 0.012 
 a Grapentine et al. 2005; US=upstream, DS= downstream 
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Table 6.  Physical characteristics of surficial (0 -10 cm) sediment. 

 

Area/Zone Site % Sand % Silt % Clay % Gravel Particle size 

Mean 

St. Lawrence R.  Reference 

2001 mean (n=12)a  21.2 48.7 29.4 0.5 

 

µm 

U/S Reference 1320 0.4 53.3 46.3 0 6.0 

 1321 94.2 0.0 5.8 0 144.0 

 1322 8.6 61.5 29.9 0 14.5 

 1327 81.2 11.1 7.7 0 170.3 

 1331 5.4 74.9 19.7 0 18.7 

 1332 1.8 67.9 30.3 0 10.2 

D/S Reference A1 3.4 62.8 33.7 0 12.0 

Zone 1 183 18.8 42.5 38.7 0 22.1 

 184 14.6 53.2 32.2 0 20.5 

 167b 5.4 62.1 32.5 0 12.1 

 168 23.8 48.5 27.7 0 26.8 

 EHB 98.6 0.0 1.3 0.13 240.0 

Zone 3 101 60.2 24.3 15.4 0 69.6 

 108 45.3 37.6 17.1 0 43.8 

Zone 2 5b 4.6 62.8 32.6 0 11.4 

 17 34.6 44.9 20.5 0 38.9 

 27 24.4 40.9 34.7 0 23.9 

 31 27.7 42.6 29.3 0.35 25.4 

 64 4.4 64.4 31.2 0 13.6 
a Grapentine et al. 2005; US=upstream, DS= downstream 
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Table 7a.  Sediment trace metal and nutrient concentrations at Cornwall sites (Caduceon Laboratory analysis).  Values exceeding the Severe 

Effect Level are highlighted yellow and bolded. 

183 184 16700 16701a 16702 168 EHB-1 101 108 500 501 502 17 27 31 64a

Aluminum µg/g 10 EPA 6010 4990 7610 11600 10150.0 12400 6490 2370 3500 3210 13700 12600 14000 7130 8210 5930 13900

Antimony µg/g 0.1 E3091 0.4 0.9 0.9 0.6 1.1 < 0.1 0.2 1.1 2.2 0.3 0.1 1.4 0.7 0.8 1.0 1.1

Arsenic µg/g 1 E3091 6 33 2 3 2 4.0 3 3 1 2 3 6 5 6 4 4 4 6.0

Barium µg/g 1 EPA 6010 58 79 115 95.0 124 55 23 29 31 153 141 150 72 83 60 146

Beryllium µg/g 0.2 EPA 6010 0.3 0.4 0.5 0.4 0.5 0.3 < 0.2 < 0.2 < 0.2 0.6 0.5 0.6 0.3 0.3 0.3 0.6

Bismuth µg/g 5 EPA 6010 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5

Cadmium µg/g 0.5 EPA 6010 0.6 10 1.1 0.9 0.8 0.8 0.8 0.7 < 0.5 < 0.5 < 0.5 1.0 1.0 1.0 0.7 0.7 < 0.5 1.0

Calcium µg/g 10 EPA 6010 14000 12600 19400 20100 21900 22700 11200 18000 47000 30500 30100 32400 32100 42500 39800 30800

Chromium µg/g 1 EPA 6010 26 110 30 36 39 38.0 39 27 24 33 14 43 41 52 36 37 23 46

Cobalt µg/g 1 EPA 6010 6 7 9 8.0 9 6 3 4 4 10 9 10 7 7 5 11

Copper µg/g 1 EPA 6010 16 110 57 51 44 39.5 49 32 20 23 18 65 63 65 44 39 26 66

Iron µg/g 10 EPA 6010 20000 40000 12600 15500 19400 17350 20200 12800 6060 10200 9240 21600 20500 21700 13100 15100 12600 21550

Lead µg/g 5 EPA 6010 31 250 59 31 26 27.0 28 24 12 20 11 73 77 71 54 43 21 100

Magnesium µg/g 10 EPA 6010 4160 6720 12900 13100 13900 12800 5970 9000 13700 14000 13500 14400 12900 15200 15600 14700

Manganese µg/g 1 EPA 6010 460 1100 131 162 243 214.5 275 176 89 135 217 272 248 279 223 315 269 340

Mercury µg/g 0.005 EPA 7471A 0.2 2 5.38 3.37 1.01 1.09 1.09 1.41 1.91 2.47 3.95 2.15 2.37 2.14 1.72 9.58 4.48 2.51

Molybdenum µg/g 1 EPA 6010 2 2 < 1 1 < 1 < 1 < 1 2 < 1 1 1 1 < 1 < 1 < 1 1

Nickel µg/g 1 EPA 6010 16 75 21 21 22 20 24 16 7 13 7 27 26 27 18 18 12 26

Phosphorus µg/g 5 EPA 6010 1060 986 1100 993 1160 1010 593 751 782 1170 1140 1170 880 990 972 1185

Potassium µg/g 30 EPA 6010 1760 1540 2350 1985 2500 1270 520 730 680 2670 2490 2880 1420 1630 1200 2780

Silicon µg/g 1 EPA 6010 274 292 484 361.5 300 368 317 360 275 245 346 308 299 278 284 289

Silver µg/g 0.2 EPA 6010 < 0.2 0.3 0.3 0.4 0.3 0.3 < 0.2 < 0.2 < 0.2 0.8 0.8 0.9 1.2 0.5 0.2 0.9

Sodium µg/g 20 EPA 6010 440 230 320 280 330 210 130 160 190 360 340 370 220 260 210 375

Strontium µg/g 1 EPA 6010 46 39 41 35.5 45 32 18 25 69 65 65 69 54 62 55 64

Tin µg/g 10 EPA 6010 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

Titanium µg/g 1 EPA 6010 298 444 652 594 672 431 191 284 241 698 677 731 434 461 387 740

Vanadium µg/g 1 EPA 6010 15 20 28 25.5 29 20 9 18 15 31 30 32 25 23 19 32

Yttrium µg/g 0.5 EPA 6010 8.5 10.1 12.9 12.1 13.6 10.4 4.5 6.8 7.4 13.8 13.4 14.3 9.5 10.6 9.9 14.2

Zinc µg/g 1 EPA 6010 120 820 140 129 129 123 133 91 33 71 32 404 456 402 261 222 100 453

Zirconium µg/g 0.1 EPA 6010 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1

Aluminum (Al2O3) % 0.01 IN-HOUSE 7.11 9.60 11.7 12.2 11.1 9.28 8.59 9.30 9.49 10.9 10.7 10.5 9.57 9.60 9.86 10.9

Barium (BaO) % 0.001 IN-HOUSE 0.040 0.049 0.064 0.065 0.062 0.052 0.057 0.053 0.100 0.060 0.055 0.055 0.052 0.049 0.055 0.056

Calcium (CaO) % 0.01 IN-HOUSE 3.23 3.12 4.36 4.67 4.14 4.15 3.02 4.28 7.61 4.86 5.03 5.07 5.47 6.53 6.56 5.06

Chromium (Cr2O3) % 0.01 IN-HOUSE 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Iron (Fe2O3) % 0.05 IN-HOUSE 2.96 3.71 4.59 4.3 4.43 2.96 2.24 3.37 2.63 4.63 4.47 4.40 3.25 3.64 3.28 4.43

Magnesium (MgO) % 0.01 IN-HOUSE 1.14 1.68 2.77 2.89 2.74 2.33 1.49 2.12 2.62 2.79 2.66 2.63 2.49 2.70 2.89 2.76

Manganese (MnO) % 0.01 IN-HOUSE 0.50 0.61 0.86 0.82 0.84 0.69 0.58 0.86 0.79 0.79 0.75 0.76 0.85 0.96 0.93 0.91

Phosphorus (P2O5) % 0.03 IN-HOUSE 3.27 3.49 3.60 3.21 3.48 2.44 1.26 2.44 2.56 3.79 4.87 3.11 2.20 2.28 2.67 3.6

Potasium (K20) % 0.01 IN-HOUSE 2.62 3.43 4.70 4.77 5.09 4.06 3.77 3.98 4.17 4.98 4.83 4.82 4.18 4.05 4.30 4.90

Silica (SiO2) % 0.01 IN-HOUSE 39.9 46.9 57.1 59.2 54.2 52.7 69.4 64.6 59.6 50.5 49.0 49.1 58.0 52.6 54.7 51.0

Sodium (Na2O) % 0.01 IN-HOUSE < 0.01 < 0.01 < 0.01 < 0.01 6.22 6.52 6.67 3.05 6.37 4.16 4.43 4.43 4.69 4.44 5.25 4.20

Titanium (TiO2) % 0.01 IN-HOUSE 1.06 1.38 1.82 1.81 1.7 1.45 1.12 2.02 1.22 1.77 1.75 1.67 1.45 1.62 1.64 1.71

Loss on Ignition % 0.05 IN-HOUSE 40.8 31.7 15.3 13.5 15.4 11.2 9.43 10.9 8.93 8.93 18.4 17.8 11.4 13.6 11.1 17.1

Whole Rock Total % IN-HOUSE 103 106 107 108 109 97.8 108 107 106 98.2 107 104 104 102 103 107

Total Organic Carbon % by wt 0.1 LECO 1 10 20.6 14.9 4.6 4.1 4.8 3.3 2.5 3.9 1.1 5.8 5.5 5.5 2.5 3.1 2.2 5.0

Total Kjeldahl Nitrogen µg/g 0.05 EPA 351.2 550 4800 6880 6410 5110 3785 5670 2940 1150 1230 523 7970 6040 6000 2490 1490 1540 5785

Phosphorus-Total µg/g 0.01 EPA 365.4 600 2000 1170 1110 1040 935 1150 1060 1000 661 686 1460 1090 1160 819 855 775 1210

Sulphide (AVS) µg/g 20 EPA 821 857 850 368 409 224 69 94 216 67 1360 1730 1700 187 77 105 1410

Sulphate µg/g 10 1800 1800 650 790 750 420 240 350 100 2100 2000 2300 450 280 280 1600

LEL SEL
Zone 1 Zone 3 Zone 2

Parameter Units M.D.L.
Reference 

Method

 
MDL = method detection limit 

LEL, SEL = Lowest Effect Level, Severe Effect Level (Fletcher et al. 2008) 
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Table 7b.  Sediment trace metal and nutrient concentrations at local reference sites (Caduceon 

Laboratory analysis). Values exceeding the Severe Effect Level are highlighted yellow and 

bolded. 

 

Parameter Units M.D.L. LEL SEL 1320a 1321 1322 1327 1331 1332 MA1

Aluminum µg/g 10 24900 3170 9370 3560 9890 14700 13700

Antimony µg/g 0.1 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.3 0.4

Arsenic µg/g 1 6 33 5 < 1 2 < 1 2 3 3

Barium µg/g 1 251 26 90 40 90 139 131

Beryllium µg/g 0.2 0.9 < 0.2 0.4 < 0.2 0.4 0.6 0.6

Bismuth µg/g 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5

Cadmium µg/g 0.5 0.6 10 < 0.5 < 0.5 0.7 < 0.5 0.8 1.0 0.6

Calcium µg/g 10 7450 7410 44600 86100 18600 17900 24000

Chromium µg/g 1 26 110 49 18 32 19 33 49 44

Cobalt µg/g 1 17 3 8 3 8 11 10

Copper µg/g 1 16 110 30 5 26 9 35 48 32

Iron µg/g 10 20000 40000 34900 7440 17100 7710 17000 24600 21900

Lead µg/g 5 31 250 18 7 21 6 24 36 19

Magnesium µg/g 10 9850 3130 15600 8670 11700 13200 13300

Manganese µg/g 1 460 1100 910 128 492 216 244 429 415

Mercury µg/g 0.005 0.2 2 0.075 0.039 0.133 0.031 0.159 0.209 0.104

Molybdenum µg/g 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

Nickel µg/g 1 16 75 31 5 18 6 20 29 24

Phosphorus µg/g 5 1260 624 1140 542 1030 1280 1020

Potassium µg/g 30 4195 400 2060 850 1710 2810 3000

Silicon µg/g 1 441 209 273 235 337 269 292

Silver µg/g 0.2 < 0.2 < 0.2 0.2 < 0.2 0.2 0.4 0.2

Sodium µg/g 20 300 120 340 370 230 340 400

Strontium µg/g 1 44 16 72 109 34 42 50

Tin µg/g 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

Titanium µg/g 1 1345 245 564 220 559 740 797

Vanadium µg/g 1 52 11 25 10 23 33 32

Yttrium µg/g 0.5 17.8 6.3 12.2 5.3 12.4 14.6 15.0

Zinc µg/g 1 120 820 122 28 113 33 104 146 128

Zirconium µg/g 0.1 0.4 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1

Aluminum (Al2O3) % 0.01 12.7 10.2 9.32 7.83 12.8 12.9 12.2

Barium (BaO) % 0.001 0.070 0.061 0.051 0.045 0.069 0.065 0.064

Calcium (CaO) % 0.01 1.74 3.29 7.00 15.2 4.89 4.49 5.14

Chromium (Cr2O3) % 0.01 0.02 0.01 0.01 0.01 0.01 0.02 0.01

Iron (Fe2O3) % 0.05 5.89 2.61 3.59 2.39 4.35 5.54 4.86

Magnesium (MgO) % 0.01 1.99 1.18 2.78 2.14 2.79 3.05 2.91

Manganese (MnO) % 0.01 1.78 0.79 1.19 0.78 0.93 1.21 1.16p
(P2O5) % 0.03 3.9 2.11 3.13 1.78 3.23 4.89 3.81

Potasium (K20) % 0.01 5.17 3.82 4.15 3.22 5.12 5.25 4.81

Silica (SiO2) % 0.01 47.5 75.9 46.2 58.8 62.0 54.7 56.5

Sodium (Na2O) % 0.01 0.75 < 0.01 4.43 < 0.01 < 0.01 < 0.01 < 0.01

Titanium (TiO2) % 0.01 2.03 1.64 1.43 0.95 1.86 2.05 1.82

Loss on Ignition % 0.05 12.6 4.07 14.1 13.9 12.4 16.3 15.3

Whole Rock Total % 95.7 106 97 107 110 110 109g
Carbon % by wt 0.1 1 10 3.5 1.3 2.6 0.9 3.3 5.0 3.7j
Nitrogen µg/g 0.05 550 4800 4205 835 3110 1300 3590 8520 3970

Phosphorus-Total µg/g 0.01 600 2000 1460 465 1150 568 1050 2080 992

Sulphide (AVS) µg/g 20 71 97 276 22 300 62.8 1050
Sulphate µg/g 10 45 150 510 65 480 280 590  
MDL = method detection limit 

SEL = Severe Effect Level (Fletcher et al. 2008)
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Table 8.  Petroleum hydrocarbon (PHC) and oil and grease concentrations in surficial (top 10 cm) sediment. 

 

183 RDL 184 16700 16701 16702 RDL 168 RDL EHB-1 RDL 5-00 5-01 5-02 RDL 17 27 31 RDL
Benzene ug/g ND 0.08 ND ND ND ND 0.06 ND 0.04 ND 0.02 ND ND ND 0.06 ND ND ND 0.02
Toluene ug/g ND 0.08 ND ND ND ND 0.06 ND 0.04 ND 0.02 ND ND ND 0.06 ND ND ND 0.02
Ethylbenzene ug/g ND 0.08 ND ND ND ND 0.06 ND 0.04 ND 0.02 ND ND ND 0.06 ND ND ND 0.02
o-Xylene ug/g ND 0.08 ND ND ND ND 0.06 ND 0.04 ND 0.02 ND ND ND 0.06 ND ND ND 0.02
p+m-Xylene ug/g ND 0.2 ND ND ND ND 0.1 ND 0.08 ND 0.04 ND ND ND 0.1 ND ND ND 0.04
Total Xylenes ug/g ND 0.2 ND ND ND ND 0.1 ND 0.08 ND 0.04 ND ND ND 0.1 ND ND ND 0.04
F1 (C6-C10) ug/g ND 40 ND ND ND ND 30 ND 20 ND 10 ND ND ND 30 ND 11 ND 10
F1 (C6-C10) - BTEX ug/g ND 40 ND ND ND ND 30 ND 20 ND 10 ND ND ND 30 ND 11 ND 10
F2-F4 PHC
F4G (Grav. Heavy Hydrocarbons) ug/g 3400 100 2200 1900 1600 1000 100 1800 100 400 100 1800 2600 3000 100 2200 1600 1100 100
F2 (C10-C16 Hydrocarbons) ug/g ND 40 ND ND ND ND 30 ND 20 ND 10 ND ND ND 30 20 360 60 10
F3 (C16-C34 Hydrocarbons) ug/g 190 40 320 300 290 490 30 280 20 85 10 740 260 400 30 420 580 200 10
F4 (C34-C50 Hydrocarbons) ug/g 42 40 81 120 120 210 30 140 20 40 10 410 150 230 30 280 260 79 10
Reached Baseline at C50 (Y/N) ug/g Yes - Yes Yes Yes Yes - No - Yes - Yes No No - No Yes No -
Total PHCs (sum of C6-C34) ug/g 190 - 320 300 290 490 - 280 - 85 - 740 260 400 - 440 951 260 -
Oil and Grease ug/g 5200 100 3800 3000 7600 3300 100 5300 100 1700 100 5700 3300 3800 100 2600 6300 1200 100

64 RDL 101 108 RDL 1320 RDL 1321 1321 Dup RDL 1322 RDL 1327 RDL 1331 RDL 1332 MA1 RDL
Benzene ug/g ND 0.06 ND ND 0.02 ND 0.04 ND ND 0.02 ND 0.04 ND 0.02 ND 0.04 ND ND 0.06
Toluene ug/g ND 0.06 ND ND 0.02 ND 0.04 ND ND 0.02 ND 0.04 ND 0.02 ND 0.04 ND ND 0.06
Ethylbenzene ug/g ND 0.06 ND ND 0.02 ND 0.04 ND ND 0.02 ND 0.04 ND 0.02 ND 0.04 ND ND 0.06
o-Xylene ug/g ND 0.06 ND ND 0.02 ND 0.04 ND ND 0.02 ND 0.04 ND 0.02 ND 0.04 ND ND 0.06
p+m-Xylene ug/g ND 0.1 ND ND 0.04 ND 0.08 ND ND 0.04 ND 0.08 ND 0.04 ND 0.08 ND ND 0.1
Total Xylenes ug/g ND 0.1 ND ND 0.04 ND 0.08 ND ND 0.04 ND 0.08 ND 0.04 ND 0.08 ND ND 0.1
F1 (C6-C10) ug/g ND 30 ND ND 10 ND 20 ND ND 10 ND 20 ND 10 ND 20 ND ND 30
F1 (C6-C10) - BTEX ug/g ND 30 ND ND 10 ND 20 ND ND 10 ND 20 ND 10 ND 20 ND ND 30
F2-F4 PHC
F4G (Grav. Heavy Hydrocarbons) ug/g 2200 100 2300 770 100 1000 100 260 220 100 770 100 620 100 1300 100 1300 1500 100
F2 (C10-C16 Hydrocarbons) ug/g ND 30 52 33 10 ND 20 ND ND 10 ND 20 ND 10 ND 20 ND ND 30
F3 (C16-C34 Hydrocarbons) ug/g 660 30 310 110 10 77 20 ND ND 10 58 20 46 10 190 20 230 55 30
F4 (C34-C50 Hydrocarbons) ug/g 370 30 140 42 10 30 20 ND ND 10 ND 20 28 10 67 20 100 ND 30
Reached Baseline at C50 (Y/N) ug/g Yes - Yes Yes - Yes - Yes Yes - Yes - Yes - Yes - Yes Yes -
Total PHCs (sum of C6-C34) ug/g 660 - 362 143 - 77 - 0 0 - 58 - 46 - 190 - 230 55 -
Oil and Grease ug/g 3100 100 5500 960 100 2900 100 380 370 100 1200 100 1600 100 2300 100 3300 3000 100
ND = Not detected
RDL = Reportable Detection Limit
Lab-Dup = Laboratory Initiated Duplicate

F1 PHC and BTEX Units
Zone 1 Zone 2

Reference
F1 PHC and BTEX Units

Zone 2 Zone 3
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Table 9.  Total mercury (ng/g dry weight) [recovery corrected] in resident benthic invertebrates. 

 

BIOTA – Total Mercury  

Area/Zone 

 

Site  Chironomid Snail Amphipod 

St. Lawrence R.  Reference 

2001 mean (n=12)a  

59.3 86.9 68.0 

US Reference 1320 48.7 - - 

 1321 59.0 - 41.1 (39.3)c 

 1322 52.0 - 68.4 

 1327 68.1 93.5 45.3 

 1331 92.2 - - 

 1332 56.2 - - 

DS Reference A1 43.7 24.8 34.0 

Zone 1 183 262 64.2 131 

 184 105 64.8 92.4 

 167 111 (142)b - - 

 168 179 - - 

 EHB 516 40.9 (53.0)c - 

Zone 3 101 709 - - 

 108 252 - 174 (164)c 

Zone  2 5 102 - - 

 17 715 - - 

 27 641 - - 

 31 1020 - - 

 64 168 130 101 
a Grapentine et al. 2005;  ‘-‘= no data; b laboratory duplicate; c repeat aliquot; US=upstream, DS= downstream 
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Table 10.  Methyl mercury (ng/g dry weight) [recovery corrected] in resident benthic 

invertebrates. 

 

BIOTA – Methyl Mercury  

 Area/Zone 

 

Site Chironomid Snail Amphipod 

St. Lawrence R.  Reference 

2001 mean (n=12)a 

7.5 20.7 15.9 

US Reference 1320 1.4c - - 

 1321 11 - 35 

 1322 6.6 - 28 

 1327 24 43 28 

 1331 2.4c - - 

 1332 3.6c - - 

DS Reference A1 6.8c 7.4 (7.2)b 23 

Zone 1 183 5.9c 19 34 

 184 14 21 51 (42)b 

 167 3.3c - - 

 168 4.7c - - 

 EHB 81 (80)b 9.6b - 

Zone 3 101 8.4 - - 

 108 67 - 70 

Zone  2 5 5.1 (4.6)b - - 

 17 8.3 - - 

 27 20 - - 

 31 28 - - 

 64 4.6c 16 44 
a Grapentine et al. 2005;  ‘-‘= no data; b laboratory duplicate; c below detection limit; US=upstream, DS= downstream 
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Table 11.   Prediction of whole body concentrations of total and methyl mercury in three 

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

mercury concentration plus other sediment physico-chemical variables (“B” models).  The 

groups of multiple predictors listed are from the models that best predicted [Hg]inv using 

sediment and water variables. [Hg]sed was retained in all models. All variables in the models 

shown were log(x)-transformed except silt. 

 

Response 

log( [Hg]inv ) 
Model

Predictor 

( [X]sed ) 
Coefficient

P 

(predictor)

R2
adj P 

(regression) 

Total Hg A log total Hg 0.4688 0.001 48.5 0.001 

Chironomids B log total Hg 0.5415 <0.001 

  Silt -0.8504 0.002 

  log TP (water) -2.2889 0.014 

80.1 <0.001 

 

Total Hg A log total Hg 0.0670 0.688 0.0 0.688 

Snails B - - - - - 

 

Total Hg A log total Hg 0.2552 0.009 65.6 0.009 

Amphipods B log total Hg 0.3004 0.003 

  log AVS -0.5425 0.026 

  log SO4 0.5002 0.048 

87.9 0.009 

 

Methyl Hg A log Methyl Hg 0.1605 0.557 0.0 0.557 

Chironomids B log Methyl Hg 0.5343 0.010 

  log Fe -3.6666 <0.001 

  log Mn 1.8014 0.006 

73.5 <0.001 

 

Methyl Hg A log Methyl Hg -0.1469 0.560 0.0 0.560 

Snails B - - - - - 

 

Methyl Hg A log Methyl Hg 0.1779 0.118 25.0 0.118 

Amphipods B log Methyl Hg 0.4102 0.003 

  log SO4 -0.2765 0.009 

79.9 0.008 
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Table 12.  Observed methyl mercury concentrations in benthic invertebrates and predicted concentrations in fish receptor species 

(ng/g wet weight). Receptor concentrations are predicted for three assumed levels of mercury exposure and uptake (see text). Values 

for fishes exceeding the Environment Canada (2002) tissue residue guideline (92 ng/g ww) are highlighted yellow. Test site values 

exceeding the 99th percentile for the local reference sites are indicated in red in boxes. 

 

min med max min med max min med max min med max
Reference 1320 0.2 0.2 0.2 0.5 0.5 0.5 2.7 2.7 2.7 0.6 4.1 17.5

1321 1.2 4.6 8.1 4.0 15.9 27.9 19.9 79.6 139.4 4.5 121.0 902.9
1322 0.8 3.5 6.3 2.8 12.1 21.4 14.0 60.6 107.2 3.1 92.2 694.6
1327 3.2 5.4 7.7 10.9 18.6 26.4 54.3 93.1 131.9 12.2 141.5 854.1
1331 0.3 0.3 0.3 0.9 0.9 0.9 4.4 4.4 4.4 1.0 6.7 28.6
1332 0.4 0.4 0.4 1.2 1.2 1.2 6.2 6.2 6.2 1.4 9.4 40.2
MA1 0.9 2.4 3.8 2.9 8.1 13.2 14.7 40.3 65.9 3.3 61.3 427.1

Zone 1 183 0.8 4.1 7.3 2.7 13.9 25.2 13.6 69.7 125.8 3.0 105.9 814.7
184 1.6 4.6 7.5 5.6 15.7 25.7 28.1 78.4 128.7 6.3 119.2 833.7
167 0.3 0.3 0.3 1.2 1.2 1.2 5.8 5.8 5.8 1.3 8.9 37.7
168 0.5 0.5 0.5 1.7 1.7 1.7 8.5 8.5 8.5 1.9 12.9 55.0
EHB 2.3 6.1 9.9 7.7 20.9 34.0 38.7 104.4 170.1 8.7 158.8 1102.2

Zone 3 101 0.9 0.9 0.9 3.1 3.1 3.1 15.5 15.5 15.5 3.5 23.5 100.1
108 9.2 12.2 15.1 31.7 41.8 51.9 158.3 209.0 259.6 35.5 317.6 1681.5

Zone 2 5 0.7 0.7 0.7 2.3 2.3 2.3 11.5 11.5 11.5 2.6 17.5 74.7
17 0.8 0.8 0.8 2.7 2.7 2.7 13.7 13.7 13.7 3.1 20.9 88.9
27 2.1 2.1 2.1 7.4 7.4 7.4 36.8 36.8 36.8 8.2 56.0 238.6
31 2.9 2.9 2.9 10.1 10.1 10.1 50.5 50.5 50.5 11.3 76.8 327.2
64 0.5 3.1 5.6 1.8 10.6 19.3 9.0 52.8 96.5 2.0 80.2 625.4

3.0 5.4 8.1 10.4 18.5 27.8 52.2 92.3 138.9 11.7 140.3 900.099th percentile Ref

SiteArea
Invertebrate Sucker Yellow Perch Walleye
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Table 13.  Individual site assessments for mercury biomagnification potential, for maximum 

scenario, 2001 and 2007.   “” = predicted MeHg bioaccumulation in fish > both tissue residue 

guideline and maximum for reference sites; “” =   predicted MeHg bioaccumulation in fish < 

either tissue residue guideline or maximum for reference sites.  Mercury concentration based on 

Flett Research Laboratory analysis, remaining metals based on Caduceon Laboratory analysis.  

 

Biomagnification Potential Metals  SEL  

 

Zone 

 

 

Site 
Perch  

2001 

Perch  

2007 

Walleye 

2001 

Walleye 

2007 

 

2001 

 

2007 

1 183       

 184       

 167       

 168       

 EHB -a  -a  -a  

3 101       

 108     Hg Hg 

2 5       

 9  -a  -a Hg, Pb, Zn -a 

 16  -a  -a  -a 

 17      Hg 

 19  -a  -a Hg -a 

 27       

 31     Hg Hg 

 46  -a  -a  -a 

 54  -a  -a  -a 

 64     Cu, Hg, Pb, Zn  

4 173  -a  -a  -a 

 175  -a  -a  -a 

 176  -a  -a  -a 

 179  -a  -a  -a 

 182  -a  -a  -a 

D/S 171  -a  -a  -a 
a not assessed 
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Table 14.  Average predicted methyl mercury concentrations (ng/g ww) in yellow perch and 

walleye for zones of sediment exposed to past industrial discharges for 2001 and 2007. 

Predictions from intermediate and maximum exposure and uptake scenarios are shown. 

Highlighted values exceed the Canadian tissue residue guideline of 92 ng/g ww. Area values are 

for the approximate amount of soft river bottom enclosed by a rectangle around the sites of the 

zone for 2001 study (Grapentine et al. 2005).  

 

Average [Methyl Hg] (ng/g ww) 
Yellow Perch Walleye 

Intermediate Maximum Intermediate Maximum 

 
 

Zone 

 
Area 
(ha) 

2001 2007 2001 2007 2001 2007 2001 2007 
Zone 1 1.1 64.3 53.4 117.9 87.8 97.8 81.1 763.8 568.7 
Zone 3 0.2 164.6 112.2 277.8 137.5 250.3 170.6 1799.8 890.8 
Zone 2 8.5 65.3 33.3 108.7 41.8 99.3 50.3 704.1 271.0 
Zone 4a 8.3 50.2 - 86.1 - 76.4 - 557.7 - 

a not assessed in 2007 

 

 

Table 15.  Probabilities of Great Lakes faunal group memberships for test and local reference 

sites. 

 

Probability of Group Membership  
Site Group 1 Group 2 Group 3 Group 4 Group 5 

183 0.999 0.000 0.000 0.000 0.001 
184 0.998 0.000 0.000 0.000 0.002 
167 0.971 0.001 0.005 0.000 0.023 
168 0.956 0.002 0.013 0.000 0.028 

EHB 0.934 0.003 0.025 0.000 0.038 
101 0.966 0.002 0.008 0.000 0.025 
108 0.885 0.004 0.078 0.000 0.033 

5 0.983 0.001 0.002 0.000 0.014 
17 0.941 0.003 0.025 0.000 0.032 
27 0.940 0.002 0.015 0.000 0.043 
31 0.925 0.003 0.031 0.000 0.041 
64 0.984 0.001 0.003 0.000 0.012 

1320 0.964 0.002 0.013 0.000 0.022 
1321 0.895 0.004 0.066 0.000 0.035 
1322 0.946 0.002 0.025 0.000 0.027 
1327 0.870 0.004 0.090 0.000 0.036 
1331 0.954 0.002 0.013 0.000 0.030 
1332 0.966 0.001 0.003 0.000 0.029 
MA1 0.968 0.002 0.009 0.000 0.021 
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Table 16.  Mean abundance of dominant macroinvertebrate families (per 33 cm2) and taxon 

diversity (number of families in 38-family bioassessment model). Families expected to be at test 

sites that are absent are highlighted.  

 

Zone 1 Zone 3 Zone 2  

Family 

Group 1 

Mean 

Occurrence 

in Group 1 

(%) 

183 184 167a 168 EHB 101 108 5a 17 27 

No. Taxa   

( 2 SD) 

86 - 

15 3 10 6 11 7 8 5 6 5 

Chironomidae 13.4 39.9 117.40 7.20 18.80 10.60 20.69 86.40 13.86 58.07 25.60 53.40 

Tubificidaeb 5.6 16.7 49.20 2.80 16.00 1.00 1.91 18.80 5.56 7.20 9.00 19.40 

Sphaeriidae 4.9 14.5 3.60 0.00 0.20 0.60 0.33 0.00 0.00 0.07 2.40 0.40 

Asellidae 1.8 5.5 0.20 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 

Naididae 1.4 4.3 38.60 2.20 30.00 1.00 0.08 3.20 2.28 8.67 5.60 2.80 

Sabellidae 1.2 3.6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Haustoriidae 0.7 2.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Valvatidae 0.7 2.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Dreissenidae 0.6 1.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Gammaridae 0.6 1.6 0.40 0.00 0.07 0.00 0.06 0.40 0.10 0.00 0.00 0.00 

  

Zone 2 Upstream Reference d/s Ref 

Family 

Group 1 

Mean 

Occurrence 

in Group 1 

(%) 

31 64 1320 1321 1322 1327 1331 1332 MA1 

No. Taxa   

( 2 SD) 

86 - 

11 8 5 4 5 10 7 4 13 

Chironomidae 13.4 39.9 27.60 46.20 22.00 3.86 49.20 191.40 18.20 33.80 102.20

Tubificidaeb 5.6 16.7 21.20 3.80 51.80 3.63 11.80 17.00 10.20 22.20 26.80 

Sphaeriidae 4.9 14.5 1.60 0.00 5.00 0.10 0.00 0.40 0.20 0.00 0.00 

Asellidae 1.8 5.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Naididae 1.4 4.3 12.80 1.80 7.80 1.31 13.20 3.60 2.20 12.80 30.20 

Sabellidae 1.2 3.6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 

Haustoriidae 0.7 2.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Valvatidae 0.7 2.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Dreissenidae 0.6 1.8 0.00 0.00 0.00 0.00 0.00 0.40 0.20 0.00 0.20 

Gammaridae 0.6 1.6 0.40 0.60 0.00 0.00 0.00 0.40 0.00 0.00 0.00 
a QA/QC site; value represent the mean of three field replicates; b includes immatures with and without chaetal hairs  
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Table 17.  Site assessment summary for benthic community and comparison to 1997 results. Overall site categorizations are colour-

coded for ease of comparison. 

 

Site Area Group Probability Stressa Vector 1 vs. 2 Vector 1 vs. 3 Vector 2 vs. 3 Overall 

2007 

Overall 

1997 

183 Zone 1 1 0.999 0.157 Possibly Different Possibly Different Equivalent 2 - 

184 Zone 1 1 0.998 0.157 Equivalent Equivalent Equivalent 1 - 

167 Zone 1 1 0.971 0.157 Equivalent Equivalent Equivalent 1 1 

168 Zone 1 1 0.956 0.157 Equivalent Equivalent Equivalent 1 - 

EHB Zone 1 1 0.934 0.157 Equivalent Equivalent Equivalent 1 - 

101 Zone 3 1 0.966 0.157 Possibly Different Equivalent Equivalent 2 - 

108 Zone 3 1 0.885 0.157 Equivalent Equivalent Equivalent 1 - 

5 Zone 2 1 0.983 0.159 Equivalent Equivalent Equivalent 1 1 

17 Zone 2 1 0.941 0.159 Equivalent Equivalent Equivalent 1 1 

27 Zone 2 1 0.940 0.159 Equivalent Equivalent Equivalent 1 2 

31 Zone 2 1 0.925 0.159 Equivalent Equivalent Equivalent 1 1 

64 Zone 2 1 0.984 0.159 Equivalent Equivalent Equivalent 1 2 

1320 Reference 1 0.964 0.156 Equivalent Equivalent Equivalent 1 - 

1321 Reference 1 0.895 0.156 Equivalent Equivalent Equivalent 1 - 

1322 Reference 1 0.946 0.156 Equivalent Equivalent Equivalent 1 - 

1327 Reference 1 0.870 0.156 Possibly Different Equivalent Possibly Different 2 - 

1331 Reference 1 0.954 0.156 Equivalent Equivalent Equivalent 1 - 

1332 Reference 1 0.966 0.156 Equivalent Equivalent Equivalent 1 - 

MA1 Reference 1 0.968 0.156 Possibly Different Equivalent Possibly Different 2 - 
afrom HMDS of a subset of 5-7 sites with GL reference group 1 sites (n=108). 
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Table 18.  Mean percent survival, growth (mg dry weight) and reproduction per individual in sediment toxicity tests. Based on the 

numerical guidelines (Reynoldson and Day 1998), toxicity is in bold and red; potential toxicity in italics and blue.  

  

C. riparius H. azteca Hexagenia spp. T. tubifex  
Site % survival growth % survival growth % survival growth % survival No. 

cocoons/ 
adult 

% hatch No. young/ 
adult 

GL reference 
Meana 

87.1 
 

0.35 85.6 0.50 96.2 3.03 97.9 9.9 57.0 29.0 

Zone 1 
183 86.7 0.407 68.0 0.570 96 4.620 90 9.4 37.9 18.6 
184 73.3 0.360 86.7 0.761 94 4.074 100 8.5 46.0 13.0 
167 90.7 0.330 92.0 0.429 100 4.840 100 8.7 24.7 5.9 
168 96.0 0.335 77.3 0.214 100 3.130 100 9.0 39.0 8.5 

EHB 90.7 0.483 82.7 0.449 98 2.840 100 10.3 34.9 12.5 
Zone 3 

101 86.7 0.400 90.7 0.465 100 0.902 100 8.5 12.7 0.75 
108b - - - - - - - - - - 

Zone 2 
5 94.7 0.183 92.0 0.392 100 3.378 100 11.4 29.6 4.9 

17 92.0 0.273 94.7 0.374 100 2.774 100 9.5 44.8 16.7 
27 89.3 0.345 92.0 0.553 100 3.206 100 9.1 42.0 6.6 
31 93.3 0.358 85.3 0.431 98 2.082 100 8.8 58.2 5.2 
64 90.7 0.372 84.0 0.585 100 4.498 100 10.2 23.8 0.65 

Local Reference 
1320 94.7 0.398 81.3 0.384 100 4.662 100 10.5 25.7 6.0 
1321 90.7 0.499 78.3 0.480 100 4.792 100 11.5 30.5 11.6 
1322 90.7 0.533 97.3 0.646 100 5.838 100 11.0 33.1 8.0 
1327 90.7 0.545 89.3 0.939 100 3.312 100 7.3 49.5 17.5 
1331 89.3 0.455 93.3 0.396 100 4.404 100 9.9 40.8 12.5 
1332 94.7 0.433 88.0 0.337 98 3.456 100 9.7 45.3 14.5 
MA1 88.0 0.341 91.7 0.926 100 4.272 100 7.8 44.5 13.4 

Non-toxicc 67.7 0.49-0.21 67.0 0.75- 0.23 85.5 5.0 – 0.9 88.9 12.4 – 7.2 78.1-38.1 46.3 – 9.9 
Pot. toxic 67.6-58.8 0.20-0.14 66.9-57.1 0.22-0.10 85.4-80.3 0.89 – 0 88.8-84.2 7.1 – 5.9 38.0-28.1 9.8 – 0.8 
Toxic  58.8  0.14  57.1  0.10  80.3 negative  84.2  5.9  28.1  0.8 
a Environment Canada, unpublished data; b No sediment available for toxicity tests 
c The upper limit for non-toxic category is set using 2  standard deviation of the mean and indicates excessive growth or reproduction  
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Table 19.  Site assessment summary for toxicity and comparison to 1997 results. Overall site 

categorizations are colour-coded for ease of comparison. 

 

Site Area Stressa Vector 1 vs. 2 Vector 1 vs. 3 Vector 2 vs. 3 Overall 

2007 

Overall 

1997 

183 Zone 1 0.111 Non-toxic Potentially toxic Potentially toxic 2 - 

184 Zone 1 0.111 Non-toxic Non-toxic Non-toxic 1 - 

167 Zone 1 0.111 Toxic Non-toxic Toxic 3 2 

168 Zone 1 0.111 Non-toxic Non-toxic Potentially toxic 2 - 

EHB Zone 1 0.111 Non-toxic Non-toxic Potentially toxic 2 - 

101 Zone 3 0.111 Severely toxic Potentially toxic Toxic 4 - 

108 Zone 3 -b - - - - - 

5 Zone 2 0.114 Potentially toxic Non-toxic Potentially toxic 2 2 

17 Zone 2 0.114 Non-toxic Non-toxic Non-toxic 1 2 

27 Zone 2 0.114 Potentially toxic Non-toxic Potentially toxic 2 2 

31 Zone 2 0.114 Potentially toxic Non-toxic Potentially toxic 2 1 

64 Zone 2 0.114 Toxic Potentially toxic Toxic 3 1 

1320 Reference 0.115 Potentially toxic Potentially toxic Potentially toxic 2 - 

1321 Reference 0.115 Non-toxic Potentially toxic Potentially toxic 2 - 

1322 Reference 0.115 Potentially toxic Non-toxic Potentially toxic 2 - 

1327 Reference 0.115 Non-toxic Non-toxic Non-toxic 1 - 

1331 Reference 0.115 Non-toxic Non-toxic Non-toxic 1 - 

1332 Reference 0.115 Non-toxic Non-toxic Non-toxic 1 - 

MA1 Reference 0.115 Non-toxic Non-toxic Non-toxic 1 - 
afrom HMDS of a subset of 5-7 sites with all reference sites (n=136). 
bno toxicity data 

 

Table 20.  Comparison of Tubifex tubifex toxicity test results for 1997 and 2007 for resampled 

sites.  

 

% survival No. cocoons/ 

adult 

% hatch No. young/ 

adult 

 

Zone 

 

Site 

1997 2007 1997 2007 1997 2007 1997 2007 

1 167 95 100 10.9 8.7 31.9 24.9 4.7 5.9 

2 5 100 100 11.0 11.4 35.4 29.6 6.6 4.9 

2 17 100 100 11.2 9.5 39.6 44.8 1.1 16.7 

2 27 100 100 9.8 9.1 24.4 42.0 1.9 6.6 

2 31 100 100 10.3 8.8 48.3 58.2 10.6 5.2 

2 64 100 100 11.3 10.2 35.9 23.8 5.1 0.7 
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Table 21.  Decision matrix for weight-of-evidence categorization of Cornwall sites based on four lines of evidence.  For the sediment chemistry 

column, sites with exceedences of the Severe Effect Level (SEL) for mercury are indicated by “”; sites with exceedences of the Lowest Effect 

Level (LEL) for mercury by “”.  For the toxicity column, sites that had multiple endpoints exhibiting major toxicological effects were indicated 

by “”; sites that had multiple endpoints exhibiting minor toxicological effect and/or one endpoint exhibiting a major effect by “”.  For the 

mercury biomagnification potential column, sites where the predicted receptor mercury concentration exceeded both the TRG and the predicted 

99th percentile for the local reference sites under the intermediate or maximum scenarios were indicated by “”, For the benthos alteration 

column, sites determined from BEAST analyses as different/very different or toxic/severely toxic are indicated by “”; sites determined as 

possibly different or potentially toxic by “”.  Sites with no mercury biomagnification potential, no SQG exceedences, benthic communities 

equivalent to reference conditions, or non-toxic sites are indicated by “”.  Some sites show possible benthos alteration or potential toxicity but 

were not recommended for further action (see text for explanation for these sites).  

Zone Site Sediment 

Chemistry 

Toxicity Benthos 

Alteration 

Biomagnification 

Potential1 

Assessment 

Zone 1 183  2 3  No further actions needed 

 184     No further actions needed 

 167     Determine reason(s) for sediment toxicity 

 168  2   No further actions needed 

 EHB  2   Fully assess risk of biomagnification  

Zone 3 101   3  Determine reason(s) for sediment toxicity 

 108  -4   Fully assess risk of biomagnification 

Zone 2 5     Determine reason(s) for sediment toxicity 

 17     No further actions needed 

 27  2   No further actions needed 

 31  2   No further actions needed 

 64     Determine reason(s) for sediment toxicity 

1based on maximum exposure and uptake scenario for walleye 2minor toxicological effects observed in no more than one endpoint; therefore, not reflected in the assessment outcome 
3benthic community not deemed impaired 4 toxicity tests could not be performed. 
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Table A1.  Coefficients of variation for field-replicated samples (Caduceon Environmental 

Laboratories). 

 

Units 16700 16701 16702 CV 500 501 502 CV
µg/g 11600 9900 12400 11.3 13700 12600 14000 5.5
µg/g 0.9 0.3 1.1 54.3 0.3 0.1 1.4 116.7
µg/g 2 4 3 33.3 6 5 6 10.2
µg/g 115 95 124 13.3 153 141 150 4.2
µg/g 0.5 0.4 0.5 12.4 0.6 0.5 0.6 10.2
µg/g 0.8 0.7 0.8 7.5 1.0 1.0 1.0 0.0
µg/g 19400 20100 21900 6.3 30500 30100 32400 4.0
µg/g 39 38 39 1.5 43 41 52 12.9
µg/g 9 8 9 6.7 10 9 10 6.0
µg/g 44 39 49 11.4 65 63 65 1.8
µg/g 19400 17300 20200 7.9 21600 20500 21700 3.1
µg/g 26 27 28 3.7 73 77 71 4.1
µg/g 12900 13100 13900 4.0 14000 13500 14400 3.2
µg/g 243 214 275 12.5 272 248 279 6.1
µg/g 1.010 1.110 1.09 4.9 2.15 2.37 2.14 5.9
µg/g 22 20 24 9.1 27 26 27 2.2
µg/g 1100 997 1160 7.6 1170 1140 1170 1.5
µg/g 2350 1920 2500 13.3 2670 2490 2880 7.3
µg/g 484 285 300 31.1 245 346 308 17.0
µg/g 0.3 0.5 0.3 31.5 0.8 0.8 0.9 6.9
µg/g 320 270 330 10.5 360 340 370 4.3
µg/g 41 35 45 12.5 65 65 69 3.5
µg/g 652 577 672 7.9 698 677 731 3.9
µg/g 28 25 29 7.6 31 30 32 3.2
µg/g 12.9 11.9 13.6 6.7 13.8 13.4 14.3 3.3
µg/g 129 124 133 3.5 404 456 402 7.3
% 11.7 12.1 11.1 4.3 10.9 10.7 10.5 1.9
% 0.064 0.063 0.062 1.6 0.060 0.055 0.055 5.1
% 4.36 4.69 4.14 6.3 4.86 5.03 5.07 2.2
% 0.02 0.01 0.01 43.3 0.01 0.01 0.01 0.0
% 4.59 4.28 4.43 3.5 4.63 4.47 4.40 2.6
% 2.77 2.87 2.74 2.4 2.79 2.66 2.63 3.2
% 0.86 0.80 0.84 3.7 0.79 0.75 0.76 2.7
% 3.60 3.16 3.48 6.7 3.79 4.87 3.11 22.6
% 4.70 4.65 5.09 5.0 4.98 4.83 4.82 1.8
% 57.1 58.3 54.2 3.7 50.5 49.0 49.1 1.7
% 1.82 1.81 1.7 3.7 1.77 1.75 1.67 3.1
% 15.3 13.5 15.4 7.3 8.93 18.4 17.8 35.3
% 107 106 109 1.4 98.2 107 104 4.3

% by wt 4.6 4.0 4.8 9.3 5.8 5.5 5.5 3.1
µg/g 5110 3900 5670 18.5 7970 6040 6000 16.9
µg/g 1040 957 1150 9.2 1460 1090 1160 15.9

Range 1.4 - 54.3 Range 0 - 116.7
Mean 11.0 Mean 9.0  
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Table A2.  Sample recoveries for laboratory standards and reference material (Caduceon 

Environmental Laboratories). 

CADUCEON ENVIRONMENTAL LABORATORIES, 2378 HOLLY LANE, OTTAWA, ONTARIO, K1V 7P1

QC I.D.: Various CLIENT: Environment Canada-AEC
SAMPLE MATRIX: Sediment  BATCH NUMBER: B07-38585
DATE SUBMITTED: 19-Dec-07 DATE ANALYZED: Various
DATE REPORTED: 17-Jan-08 REPORT TO: Danielle Milani

PARAMETERS QC Sample Recovery Calculation
QC Sample Recovery

LKSD-3 (10-Jan-08) QC Result Reference Value Lab Mean % Recovery
Silver 2.8 2.4 2.3 115 50 - 117
Arsenic 24.4 23 23.0 106 83 - 121
Barium 166 N/A 169 99 81 - 118
Beryllium 0.5 N/A 0.5 100 47 - 153
Cadmium 0.5 0.6 0.6 83 83 - 114
Cobalt 27.7 30 28.9 92 51 - 114
Chromium 45.8 51 48.4 90 54 - 125
Copper 33.7 34 33.8 99 79 - 116
Iron 28307 35000 29815 81 74 - 102
Manganese 1239 1220 1247 102 76 - 124
Molybdenum 0.7 2 1.0 35 0 - 260
Nickel 41.0 44.0 42.4 93 75 - 125
Lead 26.2 26 24.9 101 72 - 107
Strontium 23.9 N/A 25.4 94 76 - 124
Titanium 905 N/A 980 92 49 - 151
Vanadium 46 55 48.5 84 63 - 113
Zinc 129 139 136 93 76 - 98

Mercury 0.162 0.160 0.152 101 77 - 122

Aluminum (Al2O3) 12.7 12.1 11.6 105 75 - 125
Barium (BaO) 0.30 0.29 0.28 102 75 - 125
Calcium (CaO) 5.97 5.9 5.7 101 75 - 125
Chromium (Cr2O3) 0.03 0.03 0.03 100 75 - 125
Iron (Fe2O3) 7.06 6.9 6.62 102 75 - 125
Magnesium (MgO) 3.53 3.5 3.4 101 75 - 125
Manganese (MnO) 1.41 1.38 1.34 102 75 - 125
Phosphorus (P2O5) 2.53 2.48 2.43 102 75 - 125
Potasium (K20) 4.77 4.51 4.43 106 75 - 125
Silica (SiO2) 61.6 60.5 59 102 75 - 125
Sodium (Na2O) 3.81 4.0 4.09 95 75 - 125
Titanium (TiO2) 2.6 2.57 2.47 101 75 - 125

Total Kjeldahl Nitrogen 2010 1850 1810 109 57 - 143
Phosphorus-Total 1030 911 1100 113 31 - 169

TOC 4.71 4.84 97 91 - 109
TOC QC (10-Jan-08)

Raw Data (µg/g)
Control Limits

STSD-2 (14-Jan-08)

WH89-1 (14-Jan-08)

D052-542 09-Jan-08)
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Table A3.  Relative percent difference (RPD) for sample duplicates (Caduceon Environmental 

Laboratories). 

 
Parameter Units 1320 1320 - Dup R.P.D. 16701 16701 - Dup R.P.D. 64 64 - Dup R.P.D.
Aluminum µg/g 25100 24700 1.6 9900 10400 4.9 13700 14100 2.9
Antimony µg/g < 0.1 0.1 0.0 0.3 0.8 90.9 0.5 1.7 109.1
Arsenic µg/g 5 4 22.2 4 4 0.0 6 6 0.0
Barium µg/g 251 250 0.4 95 95 0.0 144 147 2.1
Beryllium µg/g 0.9 0.9 0.0 0.4 0.4 0.0 0.6 0.6 0.0
Bismuth µg/g < 5 < 5 0.0 < 5 < 5 0.0 < 5 < 5 0.0
Cadmium µg/g < 0.5 < 0.5 0.0 0.7 0.9 25.0 0.9 1.0 10.5
Calcium µg/g 7490 7410 1.1 20100 20100 0.0 30500 31100 1.9
Chromium µg/g 49 48 2.1 38 38 0.0 45 46 2.2
Cobalt µg/g 16 17 6.1 8 8 0.0 10 11 9.5
Copper µg/g 30 30 0.0 39 40 2.5 67 65 3.0
Iron µg/g 35000 34800 0.6 17300 17400 0.6 21300 21800 2.3
Lead µg/g 18 18 0.0 27 27 0.0 98 102 4.0
Magnesium µg/g 9890 9810 0.8 13100 13100 0.0 14500 14900 2.7
Manganese µg/g 911 908 0.3 214 215 0.5 336 343 2.1
Mercury µg/g 0.075 0.074 1.3 1.110 1.060 4.6 2.52 2.49 1.2
Molybdenum µg/g < 1 < 1 0.0 < 1 1 0.0 < 1 1 0.0
Nickel µg/g 31 31 0.0 20 20 0.0 26 26 0.0
Phosphorus µg/g 1260 1260 0.0 997 989 0.8 1180 1190 0.8
Potassium µg/g 4240 4150 2.1 1920 2050 6.5 2740 2820 2.9
Silicon µg/g 569 313 58.0 285 438 42.3 277 301 8.3
Silver µg/g < 0.2 < 0.2 0.0 0.5 0.2 85.7 0.8 0.9 11.8
Sodium µg/g 310 290 6.7 270 290 7.1 370 380 2.7
Strontium µg/g 44 43 2.3 35 36 2.8 63 64 1.6
Tin µg/g < 10 < 10 0.0 < 10 < 10 0.0 < 10 < 10 0.0
Titanium µg/g 1380 1310 5.2 577 610 5.6 729 750 2.8
Vanadium µg/g 52 51 1.9 25 26 3.9 31 32 3.2
Yttrium µg/g 17.9 17.7 1.1 11.9 12.3 3.3 14.0 14.3 2.1
Zinc µg/g 122 122 0.0 124 122 1.6 435 470 7.7
Zirconium µg/g 0.5 0.2 85.7 < 0.1 < 0.1 0.0 < 0.1 < 0.1 0.0
Aluminum (Al2O3) % 12.6 12.8 1.6 12.1 12.3 1.6 10.8 10.9 0.9
Barium (BaO) % 0.068 0.071 4.3 0.063 0.066 4.7 0.055 0.056 1.8
Calcium (CaO) % 1.73 1.75 1.1 4.69 4.65 0.9 4.96 5.15 3.8
Chromium (Cr2O3) % 0.01 0.02 66.7 0.01 0.01 0.0 0.01 0.01 0.0
Iron (Fe2O3) % 5.74 6.03 4.9 4.28 4.37 2.1 4.38 4.48 2.3
Magnesium (MgO) % 1.98 2.00 1.0 2.87 2.91 1.4 2.76 2.76 0.0
Manganese (MnO) % 1.74 1.81 3.9 0.80 0.84 4.9 0.88 0.94 6.6
Phosphorus (P2O5) % 3.55 4.24 17.7 3.16 3.26 3.1 3.38 3.9 14.3
Potasium (K20) % 4.99 5.34 6.8 4.65 4.88 4.8 4.88 4.91 0.6
Silica (SiO2) % 46.4 48.5 4.4 58.3 60.0 2.9 50.1 51.8 3.3
Sodium (Na2O) % < 0.01 0.75 0.0 < 0.01 < 0.01 0.0 4.09 4.31 5.2
Titanium (TiO2) % 1.98 2.07 4.4 1.81 1.80 0.6 1.71 1.71 0.0
Loss on Ignition % 12.5 12.6 0.8 13.5 13.4 0.7 17.0 17.1 0.6
Whole Rock Total % 93.3 98.0 4.9 106 109 2.8 105 108 2.8
Total Organic Carbon % by wt 3.5 3.5 0.0 4.0 4.1 2.5 4.9 5.0 2.0
Total Kjeldahl Nitrogen µg/g 3790 4620 19.7 3900 3670 6.1 6070 5500 9.9
Phosphorus-Total µg/g 1290 1630 23.3 957 913 4.7 1270 1150 9.9

R.P.D. = Relative Percent Difference  
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Table A4.  Percent recoveries in reference material, matrix spikes and laboratory standards for 

total mercury in sediment (Flett Research Laboratory). 

  

QC Sample

Net Total Hg 
conc. (ng/g dry 

wt.)
Hg Recovery (%) 

Mess - 2 (92 ng/g) 85 92.0
Mess - 2 (92 ng/g) 92 99.8
Mess - 2 (92 ng/g) Mean 88.2 95.9
Mess - 2 (92 ng/g) 83 90.3
Mess - 2 (92 ng/g) 84 91.7
Mess - 2 (92 ng/g) Mean 83.7 91.0

QC Sample

Net Total Hg 
conc. (ng/g wet 

wt.)
Hg Recovery (%) 

OPR (solids) (1 ng/mL) 1.0 98.8
OPR (solids) (1 ng/mL) 0.99 99.5
OPR (solids) (1 ng/mL) Mean 1.0 99.1
OPR (solids) (1 ng/mL) 0.99 99.1
OPR (solids) (1 ng/mL) 1.05 105.4
OPR (solids) (1 ng/mL) Mean 1.0 102.3

Sample Sample Type

Net Total Hg conc. 
(ng/g)  (Dry Wt)

Hg Recovery 
(%) 

1327 spike 1550 95.0
1327 spike 1477 92.5
Mean of spiked duplicates for         
1327 RPD= 2.6 93.8
168(5cm) spike 2434 98.8
168(5cm) spike 2662 91.7
Mean of spiked duplicates for    
168(5cm) RPD= 9.9 95.2
Mean of Spike Recoveries 94.5
17 spike 4139 104.0
17 spike 4279 108.9
Mean of spiked duplicates for      
17 RPD= 1.3 106.5
64(5cm) spike 6240 100.1
64(5cm) spike 6466 99.8
Mean of spiked duplicates for    
64(5cm) RPD= 2.4 100.0
Mean of Spike Recoveries 103.2

Hg Standards % Recovery

Hg STD 1 (0.02 ng) 101
Hg STD 2 (0.1 ng) 98
Hg STD 3 (0.25 ng) 102
Hg STD 4 (0.5 ng) 99
Hg STD 5 (1.0 ng) 100
Hg STD Mean 100
Hg STD 1 (0.02 ng) 103
Hg STD 2 (0.1 ng) 98
Hg STD 3 (0.25 ng) 100
Hg STD 4 (0.5 ng) 99
Hg STD 5 (1.0 ng) 100
Hg STD Mean 100
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Table A5.  Percent recoveries in reference material, matrix spikes and laboratory standards for 

total mercury in benthic invertebrates (Flett Research Laboratory). 

 

 

QC Sample

Net Total Hg 
conc. (ng/g)  (Dry 

Wt)

Total Hg Recovery 
(%) Hg Standards % Recovery

DORM- 3 (409 ng/g) 392 95.8 Hg STD 1 (0.02 ng) 99
DORM- 3 (409 ng/g) 400 97.8 Hg STD 2 (0.1 ng) 99
DORM- 3 (409 ng/g) Mean 396 96.8 Hg STD 3 (0.25 ng) 101
DORM- 3 (409 ng/g) 392 95.8 Hg STD 4 (0.5 ng) 100
DORM- 3 (409 ng/g) 393 96.1 Hg STD 5 (1.0 ng) 101
DORM- 3 (409 ng/g) Mean 392.5 96.0 Hg STD Mean 100

Hg STD 1 (0.02 ng) 101
OPR (solids) (1 ng/mL) 1.0 100.1 Hg STD 2 (0.1 ng) 99
OPR (solids) (1 ng/mL) 0.99 99.3 Hg STD 3 (0.25 ng) 101
OPR (solids) (1 ng/mL) Mean 1.0 99.7 Hg STD 4 (0.5 ng) 99
OPR (solids) (1 ng/mL) 0.98 98.4 Hg STD 5 (1.0 ng) 100
OPR (solids) (1 ng/mL) 1.00 99.9 Hg STD Mean 100
OPR (solids) (1 ng/mL) Mean 1.0 99.2 Hg STD 1 (0.02 ng) 93

Hg STD 2 (0.1 ng) 101

QC Sample Hg conc. (ng/L)
Total Hg Recovery 

(%) Hg STD 3 (0.25 ng) 102

OPR (beginning of run) 5.18 102 Hg STD 4 (0.5 ng) 102
OPR (end of run) 5.36 106 Hg STD 5 (1.0 ng) 101
OPR  mean (5.08 ng/L) 5.27 104 Hg STD Mean 100

QC Sample

Net Total Hg 
conc. (ng/g Dry 
wt.) [recovery 

corrected]

Total Hg Recovery 
(%)

NRC Std DORM - 2 (4640 ng/g) 4982 107.4
NRC Std DORM - 2 (4640 ng/g) 4913 105.9
DORM-2 (4640 ng/g) Mean 4947 106.6

Sample Samply Type

Net Total Hg conc. 
(ng/g)  (Dry Wt)

Hg Recovery (%) 

amp   4542 spike 22424 96.1
amp   4542 spike 29550 103.1
Mean of spiked duplicates for         
amp   4542 RPD= 6.9 99.6
Snail   4560 spike 14599 100.6
Snail   4560 spike 13194 103.2
Mean of spiked duplicates for         
Snail   4560 RPD= 2.5 101.9
Mean of Spike Recoveries 100.8
chir   4583 Spike 20183 99.1
chir   4583 Spike 20720 106.3
Mean of spiked duplicates for         
Chirl   4583 RPD= 7.0 102.7
Mean of Spike Recoveries 102.7  
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Table A6.  Percent recoveries in matrix spikes and reference material for methyl mercury in 

sediment (Flett Research Laboratory). 

Sample Spike Sample Type Net CH3Hg as Hg (ng/g) Wet Wt. CH3Hg Recovery (%)

1320 spike 1.27 82.0
1320 spike 1.32 84.8

Mean of 
Recoveries

83.4
MA1 spike 1.29 94.4
MA1 spike 1.23 80.2

Mean of 
Recoveries 87.3

1321 spike 

1.36 98.6
1321 spike 1.07 85.4

Mean of 
Recoveries 92.0

500 (5cm) spike 5.07 87.5
500 (5cm) spike 4.38 90.5

Mean of 
Recoveries 89.0

Net CH3Hg as Hg  (ng/g) Dry Wt. CH3Hg Recovery (%) 

5.12 93.3
4.94 89.9
5.03 88.9
5.85 106.6
4.84 88.1
5.34 94.0
5.43 99.0
5.14 93.6
5.29 94.9
4.94 89.9
5.12 93.3
4.98 90.7
5.01 91.3
5.08 92.6
5.40 98.4
5.24 93.4
4.81 87.5
4.71 85.7
5.00 91.1
4.84 88.1

Net CH3Hg as Hg (ng/L) Wet Wt. CH3Hg Recovery (%)
999 99.9

1051 105.1
970 97.0
917 91.7
967 96.7
951 95.1

Alfa (1000 ng/L)
Alfa (1000 ng/L)

Alfa (1000 ng/L)
Alfa (1000 ng/L)
Alfa (1000 ng/L)

IAEA 405   (5.49± 0.53 ng/g)
IAEA 405   (5.49± 0.53 ng/g)

Mean of IAEA 405
IAEA 405   (5.49± 0.53 ng/g)
IAEA 405   (5.49± 0.53 ng/g)

IAEA 405   (5.49± 0.53 ng/g) (repeat)

Mean of IAEA 405

IAEA 405   (5.49± 0.53 ng/g)

IAEA 405   (5.49± 0.53 ng/g)
IAEA 405   (5.49± 0.53 ng/g) (repeat)

IAEA 405   (5.49± 0.53 ng/g)

IAEA 405   (5.49± 0.53 ng/g)
Mean of IAEA 405

Mean of IAEA 405

QC Sample

IAEA 405   (5.49± 0.53 ng/g)
IAEA 405   (5.49± 0.53 ng/g)

Mean of IAEA 405

Alfa (1000 ng/L)

QC Sample

IAEA 405   (5.49± 0.53 ng/g)
IAEA 405   (5.49± 0.53 ng/g)

Mean of IAEA 405
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Table A7.  Percent recoveries in matrix spikes and reference material for methyl mercury in 

benthic invertebrates (Flett Research Laboratory). 

 

Sample Spike Sample Type Net CH3Hg as Hg  (ng/g) Dry Wt. CH3Hg Recovery (%) 

4541 spike 526 103.4
4541 spike 665 104.7

Mean of 
Recoveries

104.0
4561 spike 384 109.6
4561 spike 322 110.0
4583 spike 336 108.9

4583 spike 
361 99.8

Mean of 
Recoveries 107.1

4560 spike 

320 109.2
4560 spike 225 103.4

Mean of 
Recoveries 106.3

Net CH3Hg as Hg  (ng/g) Dry Wt. CH3Hg Recovery (%) 

4300 96.2

4082 91.3

4191 93.8

4899 109.6

4473 100.1

4686 104.8

3872 86.6

4056 90.7

3964 88.7

Net CH3Hg as Hg  (ng/L) Dry Wt. CH3Hg Recovery (%) 

190 95.1

1079 107.9

1084 108.4

Alfa (1000 ng/L)
Alfa (1000 ng/L)

QC Sample

Dorm - 2   (4.47± .32 mg/kg)

Mean of Dorm-2

Alfa (200 ng/L)

Dorm - 2   (4.47± .32 mg/kg)

Dorm - 2   (4.47± .32 mg/kg)

Mean of Dorm-2

Dorm - 2   (4.47± .32 mg/kg)

QC Sample
Dorm - 2   (4.47± .32 mg/kg)

Dorm - 2   (4.47± .32 mg/kg)

Mean of Dorm-2
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Table A8.  Relative percent difference (RPD) for laboratory duplicates (Maxxam Analytics). 

  

Units 16701 16701 Dup RPD 1321 1321 Dup RPD
F1 PHC and BTEX
Benzene ug/g ND ND ND ND
Toluene ug/g ND ND ND ND
Ethylbenzene ug/g ND ND ND ND
o-Xylene ug/g ND ND ND ND
p+m-Xylene ug/g ND ND ND ND
Total Xylenes ug/g ND ND ND ND
F1 (C6-C10) ug/g ND ND ND ND
F1 (C6-C10) - BTEX ug/g ND ND ND ND
F2-F4 PHC
F4G (Grav. Heavy Hydrocarbons) ug/g 1600 1500 4.3 260 220 10.8
Total Oil and Grease ug/g 7600 7300 2.7 380 370 1.8
F2 (C10-C16 Hydrocarbons) ug/g ND ND ND ND
F3 (C16-C34 Hydrocarbons) ug/g 290 320 6.7 ND ND
F4 (C34-C50 Hydrocarbons) ug/g 120 130 5.4 ND ND
Reached Baseline at C50 ug/g Yes Yes Yes Yes  

 

 

Table A9.  Percent recovery for surrogate spikes (Maxxam Analytics). 

 
Units 183 184 16700 16701 16701 Dup 16702 168 EHB 500 501 502 17 27 31 64

1,4-Difluorobenzene % 97 98 99 100 95 98 97 99 97 97 97 98 94 97 95
4-Bromofluorobenzene % 102 102 103 101 101 110 102 106 100 103 103 103 104 101 103
D10-Ethylbenzene % 105 104 104 102 100 109 105 105 101 110 109 116 97 108 102
D4-1,2-Dichloroethane % 97 96 103 107 95 109 96 105 101 96 96 98 102 91 99
o-Terphenyl % 92 91 94 95 96 95 89 90 97 90 92 90 95 90 97

Units 101 108 1320 1321 1321 Dup 1322 1327 1331 1332 MA1 

1,4-Difluorobenzene % 98 98 97 98 99 97 97 96 98 98
4-Bromofluorobenzene % 100 101 102 101 100 102 101 103 104 102
D10-Ethylbenzene % 102 120 99 110 111 118 103 107 97 112
D4-1,2-Dichloroethane % 105 96 106 97 93 95 101 101 112 96
o-Terphenyl % 94 85 95 86 86 87 95 95 95 96

Surrogate Recovery (%)

Surrogate Recovery (%)
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Table A10.  Percent recoveries for matrix spikes, standards and blanks for corresponding 

sulphide and sulphate in sediment analysis (Maxxam Analytics). 

 

Environment Canada - NWRI
Attention: Danielle Milani               
Client Project #: SULPHATE/SULPHIDE IN SEDIMENT
P.O. #: KW405-07-1030
Project name: CORNWALL, ON

Quality Assurance Report
Maxxam Job Number: MA7B1783

QA/QC Date
Batch Analyzed
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits

1383829 DRM MATRIX SPIKE Soluble (20:1 10/17/2007 105 % 75 - 125
QC STANDARD Soluble (20:1 10/17/2007 102 % 80 - 120
Spiked Blank Soluble (20:1 10/17/2007 102 % 80 - 120
Method Blank Soluble (20:1 10/17/2007 ND RDL=10 ug/g
RPD Soluble (20:1 10/17/2007 1.6 % 35

1383834 DRM MATRIX SPIKE Soluble (20:1 10/17/2007 98 % 75 - 125
QC STANDARD Soluble (20:1 10/17/2007 102 % 80 - 120
Spiked Blank Soluble (20:1 10/17/2007 102 % 80 - 120
Method Blank Soluble (20:1 10/17/2007 ND RDL=10 ug/g
RPD Soluble (20:1 10/17/2007 1.5 % 35

ND = Not detected
RPD = Relative Percent Difference
QC Standard = Quality Control Standard
SPIKE = Fortified sample

Sulphide (AVS) in Sediment
MAXXAM ANALYTICS INC.
Attention: SUB CONTRACTOR
Client Project #: A7B1783
P.O. #:
QA/QC Date
Batch Analyzed
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits

1902692 JH9 BLANK Moisture 10/16/2007 <0.3 %
RPD [H43068-01] Moisture 10/16/2007 0.1 % 20

1383834 DRM SPIKE Sulphide 10/17/2007 101 % 75 - 125
BLANK Sulphide 10/17/2007 RDL=0.2 ug/g
RPD [H43074-01] Sulphide 10/17/2007 14.6 % 35
RPD [H43078-01] Sulphide 10/17/2007 3.8 % 35

RPD = Relative Percent Difference
QC Standard = Quality Control Standard
SPIKE = Fortified sample  
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Table A11.  Percent recoveries for matrix spikes and spiked for corresponding petroleum 

hydrocarbon analyses (Maxxam Analytics). 

 

Environment Canada - NWRI
Attention: Danielle Milani               
Client Project #: ORGANIC CONTAMINANTS
P.O. #: KW405-07-1108
Project name: CORNWALL

Quality Assurance Report

QA/QC Date
Batch Analyzed
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits
1416933 AGU MATRIX SPIKE 1,4-Difluorobenzene 11/2/2007 98 % 60 - 140

4-Bromofluorobenzene 11/2/2007 103 % 60 - 140
D10-Ethylbenzene 11/2/2007 107 % 30 - 130
D4-1,2-Dichloroethane 11/2/2007 96 % 60 - 140
Benzene 11/2/2007 88 % 60 - 140
Toluene 11/2/2007 99 % 60 - 140
Ethylbenzene 11/2/2007 97 % 60 - 140
o-Xylene 11/2/2007 101 % 60 - 140
p+m-Xylene 11/2/2007 104 % 60 - 140
F1 (C6-C10) 11/2/2007 109 % 60 - 140

Spiked Blank 1,4-Difluorobenzene 11/2/2007 98 % 60 - 140
4-Bromofluorobenzene 11/2/2007 101 % 60 - 140
D10-Ethylbenzene 11/2/2007 101 % 30 - 130
D4-1,2-Dichloroethane 11/2/2007 93 % 60 - 140
Benzene 11/2/2007 91 % 60 - 140
Toluene 11/2/2007 95 % 60 - 140
Ethylbenzene 11/2/2007 92 % 60 - 140
o-Xylene 11/2/2007 96 % 60 - 140
p+m-Xylene 11/2/2007 98 % 60 - 140
F1 (C6-C10) 11/2/2007 99 % 60 - 140

Method Blank 1,4-Difluorobenzene 11/2/2007 99 % 60 - 140
4-Bromofluorobenzene 11/2/2007 101 % 60 - 140
D10-Ethylbenzene 11/2/2007 106 % 30 - 130
D4-1,2-Dichloroethane 11/2/2007 97 % 60 - 140
Benzene 11/2/2007 ND RDL=0.02 ug/g
Toluene 11/2/2007 ND RDL=0.02 ug/g
Ethylbenzene 11/2/2007 ND RDL=0.02 ug/g
o-Xylene 11/2/2007 ND RDL=0.02 ug/g
p+m-Xylene 11/2/2007 ND RDL=0.04 ug/g
Total Xylenes 11/2/2007 ND RDL=0.04 ug/g
F1 (C6-C10) 11/2/2007 ND RDL=10 ug/g
F1 (C6-C10) - BTEX 11/2/2007 ND RDL=10 ug/g

RPD Benzene 11/2/2007 NC % 50
Toluene 11/2/2007 NC % 50
Ethylbenzene 11/2/2007 NC % 50
o-Xylene 11/2/2007 NC % 50
p+m-Xylene 11/2/2007 NC % 50
Total Xylenes 11/2/2007 NC % 50
F1 (C6-C10) 11/2/2007 NC % 50
F1 (C6-C10) - BTEX 11/2/2007 NC % 50

ND = Not detected
NC = Non-calculable
RPD = Relative Percent Difference
SPIKE = Fortified sample  
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Table A11.  Cont’d. 

 

QA/QC Date
Batch Analyzed
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits
1417088 KJI MATRIX SPIKE 1,4-Difluorobenzene 11/30/2007 98 % 60 - 140

4-Bromofluorobenzene 11/30/2007 106 % 60 - 140
D10-Ethylbenzene 11/30/2007 104 % 30 - 130
D4-1,2-Dichloroethane 11/30/2007 104 % 60 - 140
Benzene 11/30/2007 94 % 60 - 140
Toluene 11/30/2007 98 % 60 - 140
Ethylbenzene 11/30/2007 96 % 60 - 140
o-Xylene 11/30/2007 101 % 60 - 140
p+m-Xylene 11/30/2007 106 % 60 - 140
F1 (C6-C10) 11/30/2007 106 % 60 - 140

Spiked Blank 1,4-Difluorobenzene 11/30/2007 99 % 60 - 140
4-Bromofluorobenzene 11/30/2007 102 % 60 - 140
D10-Ethylbenzene 11/30/2007 103 % 30 - 130
D4-1,2-Dichloroethane 11/30/2007 106 % 60 - 140
Benzene 11/30/2007 96 % 60 - 140
Toluene 11/30/2007 98 % 60 - 140
Ethylbenzene 11/30/2007 93 % 60 - 140
o-Xylene 11/30/2007 100 % 60 - 140
p+m-Xylene 11/30/2007 105 % 60 - 140
F1 (C6-C10) 11/30/2007 100 % 60 - 140

Method Blank 1,4-Difluorobenzene 11/30/2007 78 % 60 - 140
4-Bromofluorobenzene 11/30/2007 97 % 60 - 140
D10-Ethylbenzene 11/30/2007 94 % 30 - 130
D4-1,2-Dichloroethane 11/30/2007 97 % 60 - 140
Benzene 11/30/2007 ND RDL=0.02 ug/g
Toluene 11/30/2007 ND RDL=0.02 ug/g
Ethylbenzene 11/30/2007 ND RDL=0.02 ug/g
o-Xylene 11/30/2007 ND RDL=0.02 ug/g
p+m-Xylene 11/30/2007 ND RDL=0.04 ug/g
Total Xylenes 11/30/2007 ND RDL=0.04 ug/g
F1 (C6-C10) 11/30/2007 ND RDL=10 ug/g
F1 (C6-C10) - BTEX 11/30/2007 ND RDL=10 ug/g

RPD Benzene 11/30/2007 NC % 50
Toluene 11/30/2007 NC % 50
Ethylbenzene 11/30/2007 NC % 50
o-Xylene 11/30/2007 NC % 50
p+m-Xylene 11/30/2007 NC % 50
Total Xylenes 11/30/2007 NC % 50
F1 (C6-C10) 11/30/2007 NC % 50
F1 (C6-C10) - BTEX 11/30/2007 NC % 50

ND = Not detected
NC = Non-calculable
RPD = Relative Percent Difference
SPIKE = Fortified sample  
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Inter-laboratory comparison of total Hg analysis in sediment 

Analyses for concentrations of total mercury (THg) in sediment were performed by 2 

laboratories: Flett research Ltd., which was selected to measure THg and methyl mercury in 

sediment and biological samples, and Caduceon Environmental Laboratory, which conducted 

physico-chemical analyses on sediment that included THg determination. 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.  Data for 

Caduceon Laboratory are provided in Table A12. The figure below shows how the site 

measurements compare graphically.  

 

Table A12.    Total mercury in sediment analyzed by two laboratories. 

 

Area/Zone Site Total Hg -   
Flett 

µg/g dry wt 

Total Hg  - 
Caduceon 
µg/g dry wt 

U/S Reference  1320 0.06 0.08 

 1321 0.04 0.04 

 1322 0.09 0.13 

 1327 0.01 0.03 

 1331 0.11 0.16 

 1332 0.17 0.21 

D/S Reference  A1 0.10 0.10 

Zone 1 183 0.51 5.38 

 184 0.75 3.37 

 167-1 0.66 1.01 

 167-2 0.54 1.09 

 167-3 0.62 1.09 

 168 0.59 1.41 

 EHB 0.23 1.91 

Zone 3 101 1.24 2.47 

 108 2.55 3.95 

Zone 2 5-1 0.99 2.15 

 5-2 1.39 2.37 

 5-3 1.73 2.14 

 17 2.02 1.72 

 27 0.78 9.58 

 31 4.00 4.48 

 64 1.76 2.51 

 

Overall agreement between labs for the determinations of THg in sediment is indicated by the 

slope of a regression involving the two variables. As recommended by McArdle (1988) and 

Draper and Smith (1998), the regression was estimated by the geometric mean (GM, aka reduced 

major axis) method instead of the ordinary least squares (OLS) method. The OLS method 

assumes negligible error in the X variable, and can result in biased slope estimates when applied 
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to data in which both X and Y 

variables are subject to errors of the 

same magnitude, a situation which 

clearly applies here.  Rather than 

minimizing the sum of the squares of 

the deviations of observed Y values 

from the regression line, as in the 

OLS method, the GM method 

minimizes the sum of the areas of the 

triangles formed by the data point, 

the point on the line corresponding to the X value, and the point on the line corresponding to the 

Y value. Geometric Mean slope, bGM, was estimated by 

 

 bGM = sy / sx (Legendre and Legendre 1998) 

 

where  sy = standard deviation of Y - values, and sx = standard deviation of X - values. The bGM 

estimate is also the geometric mean of the OLS slope of Y on X and the reciprocal of the slope of 

X on Y. (Note that when the purpose of the analysis is not to estimate functional parameters such 

as the slope, but only to predict values of Y for given X’s, OLS regression is suitable (Legendre 

and Legendre 1998). For this reason, the GM method was not used for the invertebrate Hg – 

sediment Hg regressions.) 

 

Geometric mean regression slope for log[THg]Flett vs log[THg]Caduc: 

 

Standard deviation of log[THg]Flett = 0.694124 = sy  

Standard deviation of log[THg]Caduc = 0.791925 = sx 

 

bGM = sy / sx = 0.694124/0.791925 = 0.8765 

 

OLS regression of Y vs X: log[THg]Flett = - 0.345 + 0.784 log[THg]Caduc 

OLS regression of X vs Y:  log[THg]Caduc = 0.330 + 1.02 log[THg]Flett  
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For both regressions P<0.001 and r2 = 78.9%. 

 

As a check, using the alternate slope estimation method:   bGM = (0.784  [1 / 1.02])½ = 0.877 

 

The overall agreement in measurements of THg in sediment is therefore fair 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 21.1% of the variation of the 

regression should be attributed to laboratory measurement error.
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Appendix B - Benthic Invertebrate Abundances 
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Table B1.  Complete macroinvertebrate family Level diversity and abundance (per 33 cm2) (abundances adjusted for sampling device 

where necessary).  

183 184 16700 16701 16702 168 EHB 101 108 500 501 502 17 27 31 64 1320 1321 1322 1327 1331 1332 MA1

Ancylidae 1.00 0.40
Arrenuridae 0.40
Asellidae 0.20 0.20
Brachycentridae 3.40 0.20
Caenidae 0.40 0.10 0.20 0.20 0.20
Ceratopogonidae 0.20 0.80 0.20
Chironomidae 117.40 7.20 23.00 12.00 21.40 10.60 20.69 86.40 13.86 38.80 86.60 48.80 25.60 53.40 27.60 46.20 22.00 3.86 49.20 191.40 18.20 33.80 102.20
Dipseudopsidae 0.20
Dreissenidae 0.40 0.20 0.2
Elmidae 0.20
Empididae 0.20
Enchytraeidae 0.04 0.14 0.20 0.20
Ephemeridae 0.04 0.20 0.20 0.20 1.80
Gammaridae 0.40 0.20 0.06 0.40 0.10 0.40 0.60 0.40
Glossiphoniidae 4.60 0.20
Hyalellidae 0.20 3.00 0.20 24.20
Hydridae 1.80 0.40 0.02 0.60
Hydrobiidae 13.80 0.40 0.40 0.20 0.14 0.20 0.02 0.20 0.20 0.20 12.40
Hydroptilidae 1.00 0.20 0.20 0.20
Hygrobatidae 0.16 0.10 0.20 0.60
Lebertiidae 1.20 0.14 0.39 0.20 0.20
Leptoceridae 3.00 0.02 0.20 0.40 0.40 0.40
Limnesiidae 1.80 0.20 0.40 0.02 0.20 0.40 0.40 0.20 0.04 0.20
Lumbriculidae 0.10
Naididae 38.60 2.20 26.60 13.80 49.60 1.00 0.08 3.20 2.28 5.80 12.00 8.20 5.60 2.80 12.80 1.80 7.80 1.31 13.20 3.60 2.20 12.80 30.20
Oxidae 0.20 0.20 0.20 0.02 0.20 0.20 0.20 0.20 0.20
Pionidae 2.40 2.00 0.20 1.40 0.20 0.16 0.40 0.20 0.40 0.60 0.20 0.20 0.80 0.20
Planorbidae 0.80 0.20 0.20 0.02 0.60 2.40
Pleuroceridae 0.04 0.40
Pyralidae 0.20 0.20
Sabellidae 0.20
Sialidae 0.20 0.40 0.20
Sphaeriidae 3.60 0.20 0.20 0.20 0.60 0.33 0.20 2.40 0.40 1.60 5.00 0.10 0.40 0.20
Tetrastemmatidae 3.60 0.20 1.15 0.20 0.40 0.20 0.20
Tubificidae 49.20 2.80 13.80 14.60 19.60 1.00 1.91 18.80 5.56 7.40 6.60 7.60 9.00 19.40 21.20 3.80 51.80 3.63 11.80 17.00 10.20 22.20 26.80
Unionicolidae 0.20

Total No. Taxa 22 4 8 7 10 9 16 10 12 3 7 3 9 6 14 11 6 5 6 14 8 7 20
Total Abundance 245.8 12.4 66.4 41.2 93.6 14.4 24.0 110.2 23.8 52.0 106.2 64.6 43.6 76.4 66.0 57.4 87.6 8.9 75.4 218.2 32.2 69.6 203.8

Reference
Family

Zone 1 Zone 3 Zone 2
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Table B2.  Taxa abundances (per 33 cm2) and diversity at six sites sampled in 2007 and 1997. 

 

Year 2007 1997 2007 1997 2007 1997 2007 1997 2007 1997 2007 1997
Caenidae 0.07

Ceratopogonidae 0.25 0.40 0.20 0.40
Chironomidae 58.07 31.40 25.60 24.40 53.40 89.40 27.60 30.40 46.20 28.60 18.80 34.20

Dipseudopsidae
Elmidae 0.20

Enchytraeidae 0.20
Ephemeridae 0.20 0.20 0.40 0.20 0.40
Gammaridae 0.40 1.20 0.20 0.40 1.80 0.60 0.07

Hyalellidae 3.00 0.07
Hydridae 0.13

Hydrobiidae 0.20 0.20 0.60 0.20 0.27 0.60
Hydroptilidae 0.20 0.07
Hygrobatidae 0.20

Lebertiidae 0.20
Leptoceridae 0.20 0.20 0.40 0.40 0.40 0.60
Limnesiidae 0.13 0.40 0.20 0.07

Naididae 8.67 0.20 5.60 2.80 12.80 0.40 1.80 30.00 15.00
Oxidae 0.20 0.20 0.40 0.07

Physidae 0.20
Pionidae 1.00 0.80 0.20 1.80 0.40 0.80 1.20 1.20 0.80

Planorbidae 0.60 0.13
Polycentropodidae 0.20

Sabellidae 0.20
Sialidae 0.20

Sphaeriidae 0.07 4.60 2.40 4.40 0.40 0.60 1.60 10.00 0.20 11.20
Tetrastemmatidae 0.07 0.40

Tubificidae 7.20 6.40 9.00 2.60 19.40 10.40 21.20 19.80 3.80 16.00 13.40
Unionicolidae

Valvatidae 0.40 0.80 0.40 2.20
Turbellaria 3.53 5.40 1.00 0.40 0.40 1.40 1.60 0.80 4.80 7.20

Total No. Taxa 8 11 9 8 7 10 15 10 12 3 14 12
Total Abundance 77.8 50.4 43.6 35.4 76.8 104.2 67.4 68.0 58.2 30.2 71.9 84.2

Zone 2 Zone 1
Site 5 17 27 1676431
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Appendix C - BEAST Benthic Community Ordinations 
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Figure C1.  Ordination of a subset of Cornwall test sites using benthic invertebrate community 

data (family abundance). Site scores are summarized on Axes 1 & 2, with 90% (smallest ellipse), 

99% (middle ellipse), and 99.9% (largest ellipse) probability ellipses around GL reference sites 

(reference site scores shown as cross hairs).    
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Figure C2.  Ordination of a subset of Cornwall test sites using benthic invertebrate community 

data (family abundance). Site scores are summarized on Axes 1 & 2, with 90% (smallest ellipse), 

99% (middle ellipse), and 99.9% (largest ellipse) probability ellipses around GL reference sites 

(reference site scores shown as cross hairs).   
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Figure C3.  Ordination of local reference sites using benthic invertebrate community data (family 

abundance). Site scores are summarized on Axes 1 & 2, with 90% (smallest ellipse), 99% 

(middle ellipse), and 99.9% (largest ellipse) probability ellipses around GL reference sites 

(reference site scores shown as cross hairs).   
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Appendix D - BEAST Toxicity Ordinations 
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Figure D1.  Ordination and assessment of the first subset of test sites using 10 toxicity test 

endpoints, summarized on Axes 2 and 3, with 90%, 99%, and 99.9% probability ellipses around 

reference sites (reference site scores shown as cross hairs).  Ha su, Ha gw = Hyalella survival, 

growth; Tt su, Tt htch, Tt yg = Tubifex survival, cocoons hatched, no. young; Cr su = 

Chironomus survival; Hl gw = Hexagenia growth. Stress = 0.11. 
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Figure D2.  Ordination and assessment of the first subset of test sites using 10 toxicity test 

endpoints, summarized on Axes 1 and 2, with 90%, 99%, and 99.9% probability ellipses around 

reference sites (reference site scores shown as cross hairs).  Ha su, Ha gw = Hyalella survival, 

growth; Tt su, Tt htch, Tt yg = Tubifex survival, hatch, young; Cr su = Chironomus survival; Hl 

gw = Hexagenia growth. Stress = 0.11. 
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Figure D3.  Ordination and assessment of the first subset of test sites using 10 toxicity test 

endpoints, plotted on Axes 2 and 3, with 90%, 99%, and 99.9% probability ellipses around 

reference sites (reference site scores shown as cross hairs).  Ha su, Ha gw = Hyalella survival, 

growth; Tt su, Tt htch, Tt yg = Tubifex survival, hatch, young; Cr su = Chironomus survival; Hl 

gw = Hexagenia growth. Stress = 0.11. 
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