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EXECUTIVE SUMMARY

To evaluate benthic conditions along the Cornwall waterfront of the St. Lawrence River and
whether they continue to improve over time, sediment contaminant concentrations, sediment
toxicity, benthic invertebrate community structure, and benthic invertebrate tissue mercury (Hg)
residues were evaluated. In October 2012, 17 stations were sampled: 12 from areas exposed in
the past to Hg-contaminated industrial effluents (zones 1, 2 and 3) and 5 from local reference
(upstream) locations. Total Hg (THg) and methylmercury (MeHg) concentrations were analyzed
in the sediment and resident benthic invertebrates (chironomids, amphipods, snails, and
oligochaetes). Exposed and reference sites were compared in terms of Hg concentrations and the
relationships between Hg concentrations in invertebrates and sediment were examined by
regression analysis. The benthic community structure and toxicological responses in four
laboratory toxicity tests were assessed spatially by comparison to those from suitable reference
sites using ordination (nonmetric multidimensional scaling). Temporal trends of sediment Hg
concentration, community descriptors, and toxicological responses were assessed graphically
with time series data from 1997 through to 2012.

Sediment Hg remains elevated at exposed sites; THg ranged from 0.47 to 6.46 ug/g (median
1.75 pg/g) and MeHg from 1.23 to 5.47 ng/g (median 2.78 ng/g) compared to reference sites
where they ranged from 0.02 to 0.17 pug THg/g (median: 0.07 pug THg/g) and 0.47 — 0.98 ng
MeHg/g (median: 0.90 ng MeHg/g). The highest concentrations of both THg and MeHg were
found in zone 2, consistent with past studies and there was little change from 2007, where THg
was < 5.2 pg/g and MeHg was < 6.0 ng/g. With the exception of perhaps zone 3 (although data
was limited in this zone), sediment [THg]s were similar or lower to those from previous years.
[MeHg]s were more variable, showing mostly decreases since 2007 but there were also increases
at some sites (in each zone); some sites had similar concentrations to those observed in 2001
indicating relatively stable conditions over time.

Concentrations of THg in benthic invertebrates were elevated at exposed sites, ranging from
57 to 1,210 ng/g (median: 163 ng/g) compared to reference sites where they ranged from 24 to
86 ng/g (median: 38 ng/g). The greatest THg accumulation occurred in zone 2, (specifically at
the eastern end of zone) where it was up to 1.7 times and 4.2 times greater than zones 1 and 3,

respectively. With the exception of chironomids in zone 2 at a few sites, [THg]s in invertebrates



were similar or lower to those from 2007 or 2001 but still remained elevated above reference site
levels; concentrations at co-located sites have declined for most taxa since 2001. Across zones,
THg accumulation also remained mostly stable or lower since 2007 for each taxon; however, no
taxa could be collected from zone 3 in 2012 and the highest [THg] in zone 1 (chironomids)
represented a shallow site not previously sampled. Concentrations of MeHg in invertebrates
were mostly elevated at exposed sites, ranging from ~0.86 to 104 ng/g (median: 6.6 ng/g)
compared to reference sites, where they ranged from 1.2 to 21.2 ng/g (median: 4.3 ng/g). The
greatest MeHg accumulation occurred in zone 1 (c.f. zone 2 for THg) which was up to 8.6 times
and 24 times higher than that in zones 2 and 3, respectively. Invertebrate MeHg levels showed
declines since 2007 or 2001 with some exceptions but mostly remained elevated above reference
levels, or in a few instances, overlapped reference levels. Similar or lower MeHg levels were
observed in chironomids and snails since 2007 or 2001 in zones 1 and 2 (no data are available for
zone 3 in 2012). The highest MeHg levels were observed in amphipods collected from zone 1 in
2012, specifically at the shallower sites, while zone 2 had the lowest levels and remained fairly
stable since 2001. The concentration of THg in sediment was most strongly predictive of THg in
chironomids (analyzed without allowing gut clearance) while MeHg in sediment was most
strongly predictive of MeHg in amphipods. Adjusting for effects of other sediment covariables
(grain size and total organic carbon for chironomids and iron for amphipods) improved the
models.

There was no evidence of impaired benthic communities in 2012, with all exposed sites
categorized as similar to reference. In previous studies conducted in 2007 and 1997, sites were
mostly similar to reference while some were mildly different than reference. The 2012 Cornwall
samples consisted mainly of chironomids (< 42,200 m™), and tubificid (< 13,028 m™) and naidid
worms (< 9,268 m™), which were present at all sites. Taxon richness ranged from 5 to 21 taxa
per site with zone 1 having the greatest number of families present. In previous assessments, co-
located test sites were either in bands 1 or 2 (similar or mildly different) indicating that benthic
communities along the waterfront have remained stable and relatively similar since 1997.
Benthic community descriptors such as total benthos, taxon richness, and densities of most taxa
were relatively similar to reference in 2012 but showed varied responses over time, from stable

to both increases and decreases observed.



Of the 12 exposed sites sampled in 2012, 3 were severely toxic, 1 was toxic, 3 were
potentially toxic, and 5 were non-toxic. Toxicity was slightly increased in zone 2 from previous
years, while remained consistent in zones 1 and 3. The main toxicological effect was low
reproduction in the worm Tubifex, with reduced hatching of cocoons and subsequent low young
production compared to reference sites; this effect was evident across all three zones.
Gametogenesis (i.e., cocoon production by the adult worm) in Tubifex worms was unaffected.
These results were consistent with studies conducted in 1997 and 2007. Toxicity to Tubifex was
also observed at the unexposed upstream reference sites, which was consistent with the 2007
study as well. The cause of reduced worm reproduction was unclear (total Hg was not strongly
correlation to toxicological response) but was not likely Hg related since the same effects were
observed in both unexposed and exposed sites. The laboratory toxicity results were also not
consistent with field observations along the Cornwall waterfront where oligochaete worms were
an abundant species-rich group (28 species identified); however, it is possible that field

populations have a stronger tolerance due to their history of exposure.
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1 INTRODUCTION

Environment Canada (EC) has undertaken several sampling programs in the St. Lawrence
River at Cornwall Area of Concern (AOC) to define the general status of sediment contamination
and to assess benthic conditions over time. The benthic assessment of sediment (BEAST)
methodology was applied to sites along the Cornwall waterfront from surveys conducted 1997 —
2007 and site information was integrated using the sediment decision-making framework (EC
and MOE 2008). In 2005, administrative controls and monitored natural recovery were selected
as the best management option for the three historically contaminated zones along the Cornwall
waterfront (deBarros and Anderson 2010). A commitment to long term monitoring is required as
part of any sediment management strategy in order to confirm the success of the selected
remedial option. The first post-management decision survey in 2007 provided an update on
status of benthic conditions at Cornwall at a subset of sites that were sampled in 2001 or 1997.
In 2012, the second post-management decision survey was conducted which included revisiting
12 test sites and 5 local reference sites sampled previously. Surficial sediment contaminant
concentrations, toxicity, benthic invertebrate community composition and benthic invertebrate
tissue mercury (Hg) residues were assessed in zones 1, 2 and 3 of the Cornwall waterfront, and
the degree to which these conditions differed from those of reference locations determined using
multivariate and univariate techniques. This report describes the current state of conditions at

Cornwall and temporal trends in benthic conditions from 1997 to 2012.

2 OBJECTIVES AND APPROACH

The objectives of the Cornwall study were twofold:

1) Assess the current state of benthic conditions in the Cornwall AOC (2012) by examining
spatial differences between exposed (contaminated) and reference sediment, and
2) Assess temporal differences between conditions in 1997, 2001, and 2007 to determine if,

and by how much benthic conditions in the AOC are changing over time.

The assessments of Reynoldson (1998), Grapentine et al. (2005), and Milani and Grapentine
(2009) offered the most recent and extensive data against which changes in benthic conditions

through time can be compared. The approach involved the assessment of benthic invertebrate



community structure and sediment toxicity and measurements of Hg levels in benthos and

sediment. Additional sediment physical (grain size) and chemical analyses were also performed.

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 three

depositional zones where historical contamination exists. From upstream to downstream:

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, and

Zone 2 (North shore from Windmill point to Pilon Island) — adjacent/downstream of former
synthetic fibre (rayon) manufacturer.

Stations sampled in 2012 are shown in Fig. 1. All stations (=sites) sampled in 2007 were
revisited (as closely as possible) in 2012 (Table 1). Additionally, more sampling coverage was
added to shallow regions of zone 1 (see section 4.1). 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).
Sites in these areas provided data on background Hg 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 2007 (Milani and Grapentine
2009). Two new sites were added in shallow areas of zone 1 where porewater Hg was indicated
as being high (Razavi et al. 2013) and where Hg accumulation in amphipods was higher



compared to deeper areas (Ridal et al. 2011; Eveno 2011). Samples were collected from sites in
zones 1, 2, and 3; and in the upstream (outside former effluent exposure areas) reference
locations. One site in zone 3 (site 108) had to be dropped due to lack of sediment. In total, 17
stations (12 exposed or test sites and local 5 reference sites) were sampled. This sampling design
allowed analyses of both spatial patterns and temporal trends in benthic conditions. Analyses of
sediment toxicity and benthic community structure involved additional data from recently

sampled reference sites in the Great Lakes (see below).

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 Hg concentrations in
resident invertebrates. Sediment was obtained from the top 0 - 10 cm layer of river bed.

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 Hg bioaccumulation, numerically dominant
invertebrate taxa were targeted for collection from each location, and included amphipods,
chironomids, snails and oligochaetes. Chironomids were collected from all sites except one.
Snails, amphipods and oligochaetes were limited in numbers and could only be collected at a
subset sites (5-8 sites). Analyses of total Hg (THg) and methylmercury (MeHg) were 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 sample collection and handling are described in Milani and Grapentine (2009).
Samples were collected for analyses of overlying water and sediment physicochemistry,
sediment toxicity, benthic macroinvertebrate community composition and invertebrate tissue Hg
residue from 12 test sites and 5 reference sites (Fig. 1). Stations were positioned using WAAS-

enabled GPS receiver, and an attempt made to sample as close as possible (within 10 m) to



previous locations. Site positions from 1997-2012 are provided in Table 1. Co-located 2012 and
2007 reference sites were ~6 to ~23 m apart and co-located exposed sites were ~0.5 to ~9 m
apart between years. At each test site, a sediment sample for Hg analysis was collected from the
box core (10 sites) or the Ponar grab if a box corer could not be used (2 sites), which was
representative of exposure of benthic invertebrate community, as well as from the series of
Ponars collected for tissue analysis purposes, which was representative of individual taxa
exposure. An attempt was made to collect the sediment for tissue purposes with a petite Ponar.
However, where the petite Ponar could not penetrate submerged aquatic vegetation or could not
penetrate the sediment to 10 cm, a large Ponar was used. Tissue collection from sites in zones 1

and 3 were made with the large Ponar, as were sites 27 and 31 in zone 2.

5.2 Sample Analysis

The list of analytes measured in each environmental matrix is provided in Table 2. Analyses
of overlying water alkalinity, total phosphorus (TP), nitrates/nitrites-N, ammonia-N and total
Kjeldahl nitrogen (TKN) were performed using procedures outlined in Environment Canada
(2012a). Sample analyses of trace metals and nutrients followed procedures described in Milani
and Grapentine (2009). Total Hg in sediments was determined using EPA Method 7473 for
DMA-80 THg analyser, and THg in tissues by digestion, purge and trap, and CVAFS by Flett
Research Ltd., Manitoba, Winnipeg. Methyl Hg in sediment was determined by distillation,
aqueous ethylation, purge and trap, and CVAFS with automated instruments and MeHg in tissue
samples by digestion, aqueous ethylation, purge & trap, and CVAFS with an automated system,
by Flett Research Ltd. Total Hg in sediment samples was also determined using EPA method
7471A by Caduceon Environmental Laboratories, Ottawa, Ontario.

Particle size analysis (percents sand, silt, clay and gravel) of sediment samples were
determined using sieving apparatus and a Horiba Partica Laser Diffraction Particle Size Analyzer
(LA-950). A sodium metaphosphate solution was added to 5-10 g of freeze dried sediment
sample, mixed for 15 minutes, and poured through a 4.0 Phi sieve (62.5 pm). The material
retained on the sieve (sand and gravel) was dried and weighed. If the weight was more than 10%
of the sample, the material was sieved using sieve stack procedures described in Duncan and
LaHaie (1979). The solution that passed through the sieve (silt and clay) was analyzed using the

laser analyzer and the computer software programs Merge (Frazer 1990) and Sedi Web Page



Gorrie (2008) used to convert the light scattering to particle size. The particle size analysis
methodology for samples collected prior to 2012 was analyzed using sieving apparatus and a
Sedigraph analyzer. The Sedigraph analyser measures the sedimentation rates of different size
particles (gravity induced) suspended in a liquid with known properties and therefore would not
be directly comparable to the laser analyzer.

Polycyclic aromatic hydrocarbons (PAHSs) (18 parent compounds) were analysed by ALS
Laboratory Group (Waterloo, ON) by method SW846 3510/8270 (USEPA 1996; 2007). A
sediment subsample was fortified with deuterium-labelled surrogates and a mechanical shaking
technique used to extract the sample with a mixture of methanol and toluene. The extracts were
concentrated and analyzed by GC/MS. Sediment sulphide (AVS) and sulphate (as SO,) was
analyzed by Maxxam Analytics (Mississauga, ON) using EPA methods 821-R91-100 (AVS)
(USEPA 1991) and 375.4 (SO, — turbimetric) (USEPA 1983).

5.3 Taxonomic ldentification

The sorting, enumeration, identification and verification of benthic invertebrate samples
were performed by Craig Logan Consultants (Troy, Ontario). Laboratory processing of samples
followed the Canadian Aquatic Biomonitoring Network (CABIN) protocols (Environment
Canada 2012b). Non-benthic taxa and incompletely sampled invertebrates (e.g., poriferans,
nematodes, copepods, and cladocerans) were excluded. Material was sorted under a dissecting
microscope (minimum magnification = 10x), and organisms were enumerated and placed in
separate vials by family for identification and verification to lowest practical level by Society of

Freshwater Science certified taxonomists.

5.4 Whole Sediment Toxicity Tests

Sediments were initially sieved through a 250-um mesh sieve prior to testing to eliminate
native organisms which have been shown to interfere with toxicity responses (Reynoldson et al.
1994). For each replicate treatment, 600 mL of sediment was wet sieved with 2 L of carbon
filtered and aerated City of Burlington (Ontario) tap water (water characteristics (means):
conductivity 312 pS/cm; pH 8.2; hardness 127 mg/L; alkalinity 84 mg/L; chloride ion 26 mg/L).
Sediment was allowed to settle for a minimum of 24 hours and water decanted; decanted water

was used as the overlying water in the toxicity tests.



Four sediment toxicity tests were conducted: the amphipod, Hyalella azteca 28-day survival
and growth test; the chironomid, Chironomus riparius 10-day survival and growth test; the
oligochaete worm, Tubifex tubifex 28-day reproduction (and adult survival) test; and the mayfly,
Hexagenia spp. 21-day survival and growth test. Tests were conducted in 250-mL beakers
containing 50-100 mL of sediment and 125-150 mL of overlying water, with the exception of the
mayfly test, which were conducted in 1-L jars with 125 mL of sediment and 650 mL of overlying
water. Tests were aerated for 7 to 10 days prior to the introduction of test organisms. Tests are
described in Milani and Grapentine (2009).

5.5 Data Analysis

The main goals for the data analyses were to assess (a) spatial differences between
contaminated and reference sediments, and (b) temporal differences between conditions in 1997,
2001 or 2007. Conditions at historically contaminated sites in zones 1-3 were compared to two
groups of references sites: (1) those collected in the lower Great Lakes, 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).

5.5.1 Sediment chemistry

Concentrations of the individual chemical variables measured in the sediments were
compared to several guideline values: the Provincial Sediment Quality Guidelines (PSQG)
Lowest Effect Level (LEL) and Severe Effect Level (SEL) (Fletcher et al. 2008); and the
Canadian SQG Probable Effect Level (PEL) (CCME 2001). The LEL defines the level below
which no effect on the majority of the sediment-dwelling organisms is expected. The SEL and
PEL are concentrations frequently associated with adverse effects on the health of benthic

organisms.

5.5.2 Mercury distribution in sediment and biota

Sites in which concentrations of Hg in sediment and invertebrates ([HQ]sed, [HQ]inv) Were
significantly elevated above reference levels for the study area were identified by comparing
[Hg] for effluent-exposed sites to the 99" percentile value (= maximum) for the reference

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



Comparisons for THg and MeHg were made by graphical assessments of time series data,
showing conditions from 1997 to 2012.

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 Hg 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]seq) 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 Kjeldahl nitrogen, sulphide (AVS), sulphate, iron, and manganese
and sediment particle size fractions of sand, silt and clay; and overlying water concentrations of
total phosphorus, nitrate/nitrite-N, ammonia-N, total Kjeldahl nitrogen, dissolved O,, alkalinity,
and pH.

All models fitted to the data included [Hg]seq as a free predictor (i.e., it was not forced to be
in the model). The specific null hypothesis of interest was that “the effect of [Hg]seq ON [HY]iny =
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):

o« maximum RZgjusted

« significance of partial F-tests (= t-tests) for predictors (especially [Hg]seq)
« significance of F-test for regression

« variance inflation factors (VIFs) for predictors < 10

o homoscadastic and normally distributed residuals

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

Because sediment and invertebrates were collected from some of the same locations as in
2001 and 2007, site-by-site changes in THg and MeHg concentrations were determined. This

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



5.5.2 Benthic invertebrate community structure

For the benthic community assessment, the 5 St. Lawrence River reference sites were
supplemented with 8 eastern Lake Ontario reference sites for comparison to the 12 Cornwall-
area test sites. The 8 Lake Ontario sites were selected from a group of 13 Lake Ontario sites
sampled in 2010-11 based on their similarity to the test sites in habitat conditions, as determined
from a Principal Components Analysis (PCA) conducted on 17 habitat variables for 18 reference
and 12 test sites.

Prior to benthic community data analysis, taxon counts from samples collected using the
Ponar grab were converted to an area equivalent to that the box core subsampling tube (33.16
cm?). The comparisons of Cornwall benthos data to reference sites were conducted by nonmetric
multidimensional scaling (NMDS) applied to a Bray-Curtis distance matrix using 17
macroinvertebrate family taxa (log(x+1) transformed). Rare taxa (present in < 3 sites) were
excluded from the analysis. A stress test was applied to determine the appropriate number of
dimensions based on the following criteria: 1) a final stress value < 20, 2) randomization test p <
0.05, and 3) a > 5 point stress reduction between dimensions (Peck 2010). NMDS was first run
using the reference data with the appropriate number of dimensions determined as described
above. Cornwall test site data were then fitted into the ordination space constructed with the
reference sites one at a time, with the best fit (lowest stress) position determined on each of the
existing (calibration) axes. Stress was calculated, and once the lowest stress position was
determined, it became the ordination score for the site. Confidence ellipses were then
constructed around the reference sites, establishing four categories of difference/similarity from
reference: similar (within the 90% ellipse), possibly different (between the 90 and 99% ellipses),
different (between the 99 and 99.9% ellipses), and very different (outside the 99.9% ellipse).

Benthic trends through time were assessed using NMDS scores and commonly used
descriptors such as total abundance, taxon richness, and key family abundance. Both the
multivariate and univariate analyses are graphical assessments of time series data, showing
conditions from 1997 through to 2012. The key feature of the representations was the change
through time in how the Cornwall sites compared to the reference sites. NMDS was performed
using PC-ORD (McCune and Mefford, 2011). Confidence ellipses were constructed using Systat
(Systat Software Inc. 2007).



5.5.3 Sediment Toxicity

Data analyses to assess sediment toxicity were made by comparisons of Cornwall sites to 66
Great Lakes (GL) reference sites using NMDS applied to relative Euclidean distance site x site
distance matrix. A stress test was applied to determine the appropriate number of dimensions as
described in Section 5.5.2. NMDS was first run using the GL reference data with the appropriate
number of dimensions determined as described above. Cornwall test site data were then fitted
into the ordination space constructed with the GL reference sites and for each site (one at a time),
the best fit (lowest stress) position was determined on each of the existing (calibration) axes.
Stress was calculated, and once the lowest stress position was determined, it became the
ordination score for the site. To evaluate how the toxicological responses influenced the
resulting pattern, the endpoints were overlain into the ordinations space and correlation
coefficients determined between axes scores and each endpoint response. The relationships
between habitat variables and ordination axes scores were also examined by regression analysis.
Test sites were categorized into one of four bands by constructing probability ellipses (90%,
99%, and 99.9%) around the GL reference site scores. Test sites in band 1, within the 90%
probability ellipse, were non-toxic; sites in band 2, between the 90 and 99% ellipses, were
potentially toxic; sites in band 3, between the 99 and 99.9% ellipses, were toxic, and; sites in
band 4, outside the 99.9% ellipse, were severely toxic (Reynoldson et al. 2002). NMDS was
performed using PC-ORD (McCune and Mefford, 2011) and probability ellipses constructed
with SYSTAT (Systat Software Inc. 2007).

Trends through time of individual toxicity endpoints were made showing the change in
responses at sites from 1997 to 2012. The key feature of the representations is the change
through time in how the Cornwall test sites compared to the mean and variation from the mean
(standard deviation) for the GL reference sites.

5.6  Quality Assurance/Quality Control

One in every 10 sites was randomly selected as a QA/QC station, where triplicate sediment
and benthic community samples were collected for determination of within-site and among-
sample variability. Three unique field replicate samples were collected during the sampling
phase of the program at Cornwall test sites 184 and 31 and treated as separate samples
throughout the rest of the sample preparation and analysis phases. The variation among the



field-replicated analytical data was examined using the coefficient of variation (CV) which is the
ratio between the standard deviation (SD) and the mean multiplied by 100. The precision of
sample duplicates was evaluated using the relative percent difference (RPD), defined as RPD =
(%1 - x2)/ ((x1+ x2)/2) x 100. An acceptable range of values for the quality control results is
indicated for each analyte by laboratories conducting the analysis.

QC evaluation specifically for THg and MeHg analyses included analyses of sample
duplicates and repeats, matrix spikes, certified reference materials (CRM), laboratory standards
and method blanks. For sediment, sample duplicates were analyzed at least once every 15
samples, and matrix spikes were performed on every tenth sediment sample to determine Hg
recoveries. For biota, and spiked matrix duplicates were analyzed for THg and MeHg 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 National Research Council CRM
MESS-3 was concurrently digested and analysed for THg and CRMs IAEA 405, FRES02 and
ALFA were concurrently digested and analysed for MeHg. For biota samples, CRMs included
DORM-3 and OPR (solids) for THg, and DORM-2 and ALFA for MeHg.

QC procedures for analyses of trace metals, major oxides and nutrients involved control
charting of influences, standards, and blanks. CRMs included LKSD-3, LKSD-2, WRQC and
DO053-542 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 10 samples. For AVS and sulphate, QC procedures included the analyses of matrix
spikes, spiked blanks, method blanks and duplicates used in each analytical run and for PAHS,
BTEX and petroleum hydrocarbons included the analysis of laboratory control samples (LCS),

method blanks, matrix spikes, sample replicates and 2 or 3 surrogate spikes for each sample.

Taxonomy

For the benthic invertebrate identification and enumeration performed by Craig Logan
Consultants, 10% of every sample was resorted. If a 95% level sorting efficiency was not
achieved, the sample was resorted until a minimum of 95% was achieved. 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
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were randomly selected and re-identified by a QA taxonomist. Data entry involved visual
confirmations of the taxonomic identification and number of specimens in each taxon. Benthic
data was bulk uploaded directly on the Canadian Aquatic Biomonitoring Network (CABIN)
database.

Toxicity tests

For toxicity tests, bias was assessed through the use of control sediment, which contains
only background quantities of the analytes of interest. This “clean" sediment was collected from
Long Point Marsh (Lake Erie) (42°35.213" N, 80°27.130" W) and was included in each test set.
The assessment of organism response from the use of the control sediment established the test
validity and data within the bias window, e.g., mean plus or minus two SDs and percent survival
greater than a set limit established for Long Point sediment was used in data analysis. Warning
charts were constructed for chronic responses which had to be within two SDs from the mean
response for Long Point sediment (a minimum of seven points used in the warning chart). Tests

that did not pass set criteria were repeated.

6 RESULTS AND DISCUSSION

6.1 Quality Assurance/Quality Control
Methyl Hg values below the MDL or ML

Some of the measured invertebrate MeHg concentrations were below the method detection
limit (MDL) of 4 ng/g as well as the minimum level of quantitation (ML) of 16 ng/g. (These
values are preceded by a “~” in Table 8.) Implications of these data are provided by Flett
Research:

The MDL is the lowest concentration that can be measured with 98% confidence
(approximately 3 SDs of the mean method blank) that the concentration is greater than zero
whereas the ML (minimum level of quantitation) refers to the lowest level that can be detected
with essentially absolute certainty that it is greater than zero, under normal operating
conditions. This minimum level refers to concentrations that exceed 10 SDs of the method blank.
Both the MDL and ML are valid as a ‘“reportable detection limit” but each has a different

degree of confidence associated with it. For a sample with concentration exceeding the MDL,
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confidence level is 98% that the sample truly contains detectable Hg. For a sample exceeding
the ML, there is absolute (~100 %) confidence that the sample truly contains detectable Hg.
When data are close to the 4 ng/g mark the gross peak areas for the samples can be examined
and compared to the area of the method blanks for that data set to see if the sample gave an
instrument response which was significant when compared to the blank. Generally gross peak
areas that are at least 2-3 times that of the method blank would indicate confidence that the
sample contains detectable Hg (Dawn Gilbert, pers. comm.)

In examination of tissue MeHg raw data, all but 7 of the samples had gross peak areas which
were at least 2-3 times that of the method blank. Therefore, there was confidence that all but the
7 samples contained detectable Hg. The 7 samples where gross peaks were below 2 times the
peak for the blanks are highlighted red in Table 8 and were most of the oligochaete data from
zone 2 as well as two reference site samples for chironomids and one sample in zone 1 for
chironomids (site 183). As there was no confidence that these samples contained detectable

MeHg, results from these samples should be interpreted with caution.

Sample variability

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
coefficient of variation (CV = SD + mean x 100) were determined for the analytical data.
Triplicate field sediment samples were collected at sites 184 (18400, 18401, and 18402) and 31
(3100, 3101, and 3102).

CVs for trace metals, major oxides and nutrients ranged from 0 - 96.5%, with means of 13.2
(site 184) and 9% (site 31) (Appendix A, Table Al). Most samples (89%) had CVs <20%,
which was very good for field replicated samples. CVs for the sediment THg samples ranged
from 18.3-41.3% and for MeHg ranged from 8.3-11.3% (Table Al). CVs for total PAHs ranged
from 32.2-40.3% and for total petroleum hydrocarbons ranged from 4.3- 32.6% (Table Al).
While there were differences in variability were seen among the various parameters, overall
results indicated relatively consistent results between box cores taken from the same site and low

within-site variability (samples were taken from three separate drops of the box core). Higher
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CVs are generally seen where analytes are present in low concentrations. While significant
variability may exist in the field which may make interpretation of the results of the field
replicates difficult (USEPA 1994), a failure to meet the measurement quality objectives for the
field replicates would result in only a minor concern, indicating the existence of minor
uncertainty in the data (assuming that the laboratory replicates show no major problem with
analytical variability) (USEPA 1994). Such concerns should not be used in isolation to
disqualify data from the sample or sample batch (Papp et al. 1989).

Sample precision, accuracy and bias

Analytical precision of sample duplicates, indicated by the RPD, are provided in Appendix
A, Tables A2-A8. For trace metals, metal oxides and nutrients, a RPD < 20% indicated that the
measurements were within precision standards. The RPDs ranged overall from 0 to 101% (mean
2.2-20%) and 90% of samples had RPDs < 20% (Appendix A, Table A2), indicating that there
was a high level of precision was achieved for sample measurements. For Hg analysis there was
also good agreement between sample replicates, indicating a high level in precision in Hg
analysis. RPDs ranged from 10.0-40.9% (mean 17.7%) for [THQ]seq, 0.17-10.6% for [THQ]iny, 1-
21.4% (mean 7.6%) for [MeHQ]sq, and 0.5-10.3% (mean 5.9%) for [MeHg]inv (Appendix A,
Tables A3-A6). For PAH samples, the RPD ranged from 0.1 to 41% (mean 10.7%); there were 5
flags identified for PAHs, where the absolute or relative percent difference between sample
duplicates exceeded the QC limits (Appendix A, Table A7). In these cases, exceedences of QC
limits were relatively minor and PAH concentrations in these samples low (< 0.89 mg/kg), thus
likely a very minor concern. For AVS and sulphate samples, RPDs were very low ranging from
0.9 - 13.1% (Appendix A, Table A8), indicating good precision for these analyses.

Analytical accuracy of the method was also determined using a matrix spike, which
determines whether there are any matrix effects on recoveries by adding a known amount of a
compound to the samples that is similar chemically to the target analyte. Normal recoveries are
generally between 70-110%, but can vary for different chemicals. Matrix spike results for
sediment THg samples (5 samples) ranged from 84.9 - 108.9% (RPD for matrix spike duplicates
=1.1-8.5%) (Table A3) and for MeHg (2 samples) ranged from 93.2 - 103.0% (Table A5). For
biota, the THg sample spikes (4 samples) recoveries ranged from 101.1 - 107.3% (Table A4) and
for MeHg samples (4 samples), they ranged from 91.6 - 102.2% (Table A6). All Hg recoveries
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in matrix spikes were within the laboratory QC limits which were: 80-120% for THg in
sediment, 71-125% for THg in biota and 65-110% for MeHg in both sediment and biota. For
sulphide and sulphate analysis, matrix spike recoveries were 35% and 116%, respectively, with
sulphide outside the QC limits of 75-125% (Table A8); while recovery for sulphide was outside
control limits, overall quality control for this analysis met acceptability criteria (Table A8). The
failure to recover the matrix spike within QC limits would not necessarily mean that the data
should be rejected as there are other drivers in qualifying data. For PAH samples, matrix spike
recoveries ranged from 74.2 to 113.9% (mean 95.6%), within the QC limits of 50-140% (Table
A9). These results indicate that overall and most importantly for Hg analysis that very good
accuracy was obtained.

Surrogate spikes (applicable only to organic analyses) are organic compounds that are
spiked into the routine samples prior to extraction and were used to assess the efficiency of the
extraction technique and as a form of accuracy testing, but without the confounding influence of
the analyte of interest already present in the sample (USEPA 1986). A surrogate spike may be
defined as an added organic compound that is similar to the analytes of interest in chemical
composition, extraction, and chromatography, but that is not normally found in the
environmental sample (USEPA 1986). Acceptable surrogate spike recoveries were set at 100 +/-
30 percent for the US EPA ARCS program (USEPA 1994). For PAH analysis, the compounds
2-Fluorobiphenyl and p-Terphenyl d14 were used as surrogates; recoveries ranged overall from
88.6 — 118.6% (overall mean: 103.9%) (Appendix A, Table A10). Overall, these high recoveries
indicate a good ability of the laboratory to analyse these organic compounds.

Laboratory control samples (LCS) and reference material have known analytes and
concentrations and are used to quantify the variance and bias of the chemical preparation and
instrumental testing stages without matrix interference. Bias is determined by comparing the
analytical results to the known value of the reference material, plus or minus an established
acceptance range either provided with the reference material or agreed upon as part of the data
quality objective process. For example for the USEPA ARCS Program, the accuracy
requirement for bias in either SRMs or CRMs is that the measured value must be within +/-20
percent of the known concentration (USEPA 1994). Recoveries of reference material for THg
ranged from 102.9-107.4% (RPD: 3.2-4.3%) for sediment samples (MESS-3) (Appendix A,
Table A3) and from 93.0-104.7% for biota samples (DORM-3, OPR) (Table A4). For MeHg
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samples, reference material recoveries ranged from 82.6 — 101.2% for sediment samples (IAEA
405, FRES02, A.S.S-alfa) (Table A5) and from 85.1 — 100.4% for biota samples (DORM-2,
A.S.S.-Alfa) (Table A6). For the trace metal and nutrient samples, four RMs were processed and
analyzed with each batch of samples. Recovery of trace metals (excluding Hg) in the RM
(LKSD-3) ranged from 81-122%, within the limits of 70-130%, the recovery for THg RM
(LKSD-2) was 78% (within the limit of 70-120%), the recovery for the metal oxides RM
(WRQC) ranged from 87-105% (all within QC limits) and for total organic carbon and total
Kjeldahl nitrogen, the RM (D053-542) ranged from 134-143% (Appendix A, Table Al11). All
recoveries were within the limits specified for each parameter in Table A11l. For PAH analysis,
a LCS was run with each batch of samples; percent recovery of the target analytes ranged from
83.9-106.2%, well within the control limits (50-140%) (Appendix A, Table A12).

Overall, results indicate that the laboratories were capable of making accurate and precise

measurements at the required reporting limits.

Sample contamination

The method blank (MB) is an analyte-free matrix that was subjected to the same preparation
and analytical procedure as other samples and is used to document contamination resulting from
the analytical process. MB results should generally be below the reporting limit for most
analytes being tested. MBs for THg and MeHg samples were all below MDLs (Appendix A,
Tables A3-A6). For AVS and sulphate samples MBs were very low or below RDLs (Appendix
A, Table A8) and for PAH samples, all MBs were also below detection limits (Appendix A,
Table A13).

Benthic invertebrate community composition

Sorting efficiencies for 2012 samples are provided in Appendix A, Table A14. Ten samples
were randomly selected for QC purposes. Sorting efficiency error ranged from 0-3.6%, for an
overall mean of 0.88%. These efficiencies exceeded the acceptable level (>95%), indicating that
a good representation of the benthic community was achieved, and no corrective action was
required.

The taxonomic misidentification errors (IE) for each set of samples are reported in Table
Al15. Sample IEs ranged from 0-2.78% with an overall mean of 0.88%, meeting CABIN quality
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objectives of <5%. There was one misidentified oligochaete species in sample 17-v. The
original taxonomist identified the oligochaete as Aulodrilus limnobius, while the QC taxonomist
identified it as Aulodrilus pluriseta. After consultation, the QC taxonomist identification held.
Corrective action included rechecking all Aulodrilus specimens to ensure no other errors were

made.

Toxicity tests

Toxicity tests had to pass set criteria or data quality objectives (DQOs) for each organism
before they were used in data analysis. All tests passed DQOs with the exception of one C.
riparius test where survival was low (48%) (Appendix A, Table A16). This C. riparius test was

subsequently rerun and passed DQOs. Data from the rerun test was included in data analysis.

6.2 Overlying water characteristics

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 3). The ranges
across sites were low and similar to that found in 2007 and 2001 (values in brackets):
temperature 1.1°C (1.5, 2.8°C), dissolved oxygen 2.3 mg/L (1.9, 1.5 mg/L), alkalinity 2.6 mg/L
(3.5, 4.0 mg/L), pH 0.3 units (0.7, 0.5 units), conductivity 5 uS/cm (7, 18 uS/cm), total P 0.01
mg/L (0.01, 0.05 mg/L), total Kjeldahl N 0.08 mg/L (0.13, 0.13 mg/L), nitrates+nitrites 0.05
mg/L (0.05, 0.12 mg/L), and total ammonia 0.02 mg/L (0.05, 0.02 mg/L). The similar values
suggest a homogeneous water mass across sampling sites.

Trends in overlying water conditions from 1997 to 2012 are shown in Figs. 2a-b. The
warmer temperatures (coupled with lower dissolved oxygen) in 2007 reflects the earlier sampling
period (early to mid-September) compared to other sampling years (mid to late October).
Dissolved oxygen remained > 8 mg/L throughout the time period, well above the provincial
water quality objective (PWQO) of 5 mg/L for warm water biota (Fig. 2a). Alkalinity was
mostly between 85-90 mg/L throughout the period and was fairly stable from 1997-2007, with
slight in increases in 2012, and pH increased and decreased throughout the period (consistently
across sites) but remained basic (> 8.1) (Fig. 2a). Total P and TKN concentrations were
relatively stable across years; site 5 (zone 2) was elevated in both total P and TKN compared to

other sites in 1997 but dropped to similar concentrations to other test sites and reference sites
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from 2001-2012 (Fig. 2b). Nitrate + nitrite concentrations decreased across both test and
reference sites from 1997-2007 after which levels were stable and total ammonia concentrations
increased in 2007 across both test and reference sites (mostly notably at site 167 in zone 1) and
decreased back down in 2012 to levels similar or lower to those observed in 1997 (Fig. 2b).

6.3 Sediment Mercury Levels

The average (of the two laboratories) THg concentrations on a dry weight basis ranged from
0.47 — 6.46 ug/g at test sites and from 0.02 — 0.17 pg/g at reference sites (Table 4). All test sites
exceeded the maximum reference site concentration by ~3 to 39 times. The Lowest Effect Level
(LEL) of Ontario’s Sediment Quality Guidelines (Fletcher et al. 2008) for Hg (0.2 pg/g) was
exceeded at all test sites and the Severe Effect Level (SEL) (2.0 pg/g) was exceeded at 4 sites: 1
site in zone 1 (3S), 1 site in zone 3 (108) and 2 sites in zone 2 (27 and 31) (Table 4). Total [Hg]s
were considerably higher within sites 27 and 31 for the samples that were composited from a
series of Ponars collected for tissue Hg analysis (see Section 5.1). These sample results are
designated with a “T” in Table 4. The higher [Hg] could be the result of using the large Ponar
device at these two sites (rather than a petit Ponar) and thus the concentration could represent
sediment fraction below 10 cm. (Too little sediment was obtained using a petit Ponar therefore a
large Ponar was used.) However, a large Ponar was used at other sites where concentrations
were similar (e.g., all sites in zone 1 and 3). The observed variability could also represent within
site or sample heterogeneity and/or high moisture content in the samples may be a contributing
factor in the apparent heterogeneity of the samples making both in-lab reproducibility and field
replication difficult (Dawn Gilbert, Flett Research, pers. Comm.). (High variability was observed
for other sites where duplicates were analyzed.) Flett Research Lab recommended freeze drying
and ball milling sediment samples to a homogeneous powder before analyzing to reduce or
eliminate analytical variability associated with wet sediment samples, particularly those which
are heterogeneous and recommended that an average concentration be used for reporting
purposes. Overall, the highest Hg concentrations were similar across zones in 2012, although
coverage was minimal (1 site) in zone 3 (Table 4). Spatial patterns of THg was examined in
zone 3 in 2004 (22 stations) where concentrations ranged from 0.01-3.7 pg/g (median 0.30 pg/g)
in the surficial 0-10 cm (Richman 2007). Total [Hg] found at site 101 in 2012 (mean: 4.5 pg/g)
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was on the high end of range observed in 2004 but was similarly elevated to site 101 sampled in
2004 (sites were ~22 m apart between sampling years).

Concentrations of MeHg (mean of field replicate(s) + tissue replicate(s)) ranged from 1.23 —
5.47 ng/g (median 2.78 ng/g) at exposed sites and from 0.47 — 0.98 ng/g (median: 0.90 ng/g) at
reference sites (Table 4). The overall highest concentration was found in zone 2 (site 31), and
similarly high concentrations were found in zones 3 (108) and zone 1 (EHB). The [MeHg]
observed in zone 3 (mean: 4.9 ng/g) was similar to the maximum concentration observed for 22
stations in 2004 (range: 0.3-4.7 ng/g) (Richman 2007). The fraction of MeHg relative to THg at
test sites was low (0.1-0.7%) and was similarly low in 2007 (0.4 %) and 2001 (0.6%). As they
did for THg, all test sites exceeded the maximum for the reference sites. Exposed site [MeHg]
exceeded the reference site maximum by lesser amounts than was the case for THg — by 3.6 to
5.6 times, similar to that found in 2007, where exceedences were by 2.4 to 6.2 times (Milani and
Grapentine 2009).

There was a strong positive relationship between log(x)-transformed MeHg and log(x)-THg
in the sediment, with r* = 0.78 (p<0.001) (Fig. 3), similar to that found in 2007 (r*=0.82, p<
0.0001, n=19) (Milani and Grapentine 2009) and 2001 (r*=0.70, p< 0.001, n=34) (Grapentine et
al. 2005).

Sediment Hg trends over time

Trends in [Hg] over time, from 1997-2012, are shown by site (Figs. 4a-b) and by zone (Figs.
5a-b). For THg, with the exception of site 101, concentrations in 2012 were similar or lower to
those from previous years (Fig. 4a). Three sites had [THg]s drop to or below the SEL since 2007
— sites 183, 184, and 64 (Fig. 4a). However, a notable increase (2.4 times) was observed at site
101 from 2007 to 2012 and [THg] at this site has increased since 2001 (Fig. 4a). Although
[THg] at site 31 slightly increased in 2012 compared to 2001 and 2007, this concentration is less
than a third of the level for 1997. Trends could not be evaluated for sites 3S and 7S, located in
the shallower region of zone 1, since the first sampling event took place in 2012 while other sites
have not been sampled since 2007 or 2001. (An attempt was made to collect sediment at 108 but
sufficient sediment could not be found.) For reference sites, [THg]s remained almost unchanged

throughout the period and remain well below concentrations at most test sites (Fig. 4a).
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Concentrations of MeHg were generally more variable than THg throughout the period (Fig.
4b). Sites 101, 27, and EHB, had increased [MeHg]s from 2007 to 2012 (Fig. 4b); increases
were from 1.6 to 2.2 times. Declines in [MeHg] were evident at sites 183, 5 and 64, either from
2007 or from 2001 (Fig. 4b); [MeHg]s were 1.3 to 4.4 times lower than that observed in 2001
(Fig. 4b). At sites 184, 168 and 17, [MeHg]s dropped in 2012 to levels similar to those observed
in 2001. Reference site [MeHg]s were relatively stable since 2001 and remain below those at
test sites (Fig. 4b).

On a per zone basis, the highest [THg]s were found in zone 2 over the years (1997-2012)
and since 2001, [THg]s have remained fairly stable (Figs. 5a-c). In 2012, median [THg]s in
zones 1 and 2 of 1.2 and 1.8 pg/g, respectively, were similar or lower to that found in 2007 (1.1
and 2.1 pg/g, respectively), and 2001 (1.4 and 2.8 pg/g, respectively), indicating little change in
these zones overall in concentrations in the 0-10 cm. It appears that [THg]s in zone 3 are
increasing since 2007 (Fig. 5b); however, the value in 2012 (4.5 pg/g) represented one site
whereas in 2001 (2.1 pg/g) and 2007 (2.6 pg/g) they represented 2 sites. Concentrations of
MeHg overlapped between years in zones 1 and 2 with similar or lower concentrations in 2012
compared to 2007 (Figs. 6a-b). In 2012, median [MeHg]s in zones 1 and 2 (2.6 and 2.5 ng/g,
respectively) were lower than that found in 2007 (3.0 and 4.0 ng/g, respectively) while higher
than zone 1 and lower than zone 2 in 2001 (1.7 and 3.2 ng/g, respectively). Zone 3 [MeHg]s
were very similar from 2001-2007 but increased in 2012 (one site), similar to that seen for THg
(Fig. 5b).

6.4 Supplementary Sediment Properties

Metals, nutrients and particle size

Several metals (e.g., Cd, Cr, Cu, Fe, Ni, Zn) were elevated above the LEL at two sites in
each of zones 1 and 2 (Table 5). Generally, metal concentrations were highest in Zone 2 and
lowest at the sandy sites, e.g., EHB (zone 1) and 101 (zone 3) (Table 5). Exceedences of the
LELs were also observed for several metals at 4 of the 5 upstream reference sites (Appendix B,
Table B1). Other than Zn in zone 2, which was slightly enriched at exposed sites (< 299 pg/g)
compared to local reference (< 128 pg/g), metal concentrations along the Cornwall waterfront
were similar to local reference sites (background conditions), well below the SELs, and thus
unlikely problematic to the benthos.
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Sediment nutrients were elevated throughout the waterfront as well as at reference sites.
The TOC at exposed sites was < 10.8%, exceeding the LEL at all sites except the highly sandy
one (EHB) and exceeding the SEL in zone 2 (Table 5). TOC at reference sites was < 5.3% and
elevated above the LEL at 4 of the 5 sites (Appendix B, Table B1). This suggests the presence
of some highly organic sediment along the waterfront, specifically in eastern parts of zones 1 and
2 (range: 7.5-10.8%) (Table 5) which was also observed (to a greater extent in zone 1) in
previous studies (Appendix B, Fig. B1). Concentrations of TKN were similar at exposed (<
7,280 ng/g) and reference sites (< 6,200 ng/g); exceedences of the SEL occurred at both exposed
and reference sites (Table 5, Appendix B, Table B1). Concentrations of total P were also similar
between exposed (< 1,270 pg/g) and reference sites (< 1,440 pg/g). Trends in the 3 sediment
nutrients from 1997-2012 are shown in Fig. 7. Concentrations of TOC were mostly between the
LEL and SEL and relatively stable across years except for 2 sites in zone 1 (183, 184), where
they were 2 times the SEL in 2001 but dropped to below the SEL by 2012 (Fig. 7). Some slight
increases in TOC were seen at a few sites in 2012 and site 5 (zone 2) to just above the SEL (Fig.
7). Concentrations of TKN were stable from 1997-2001 with some increases in 2007 and 2012
for both test and reference sites (Fig. 7). [TKN]s increased to above the SEL in some cases (test
and reference sites) in 2007 or 2012; exceedences were up to 1.5 times for test sites and up to 1.3
times for reference sites by 2012 (Fig. 7). Total P concentrations were stable from 1997-2001
and then increased in 2007 throughout the years and between the LEL and SEL and similar or
lower than concentrations at reference sites (Fig. 7); total P was slightly elevated above the SEL
at 1 reference site in 2007, but subsequently dropped to below the SEL in 2012 (Fig. 7).

Most exposed sites had sediment consisting of silt (median: 78%) with lesser amounts of
sand (median 18%) and clay (median: 4.6%) except for EHB (zone 1) which was almost entirely
sand (99%) and 101 (zone 3) where sand also dominated (63%) (Appendix B, Table B2).
Organically enriched sediment (as well as sediment with a high proportion of fines) may have an
increased potential for Hg methylation; therefore, some sites may be at higher risk than others.
These results are similar to those found in 2007, where exceedences of LELs were noted for
several metals in exposed and reference locations, metal concentrations were generally highest in
Zone 2 and elevated TOC was also observed at exposed sites (< 21%) compared to local
reference sites (< 5%) (Milani and Grapentine 2009). The particle size fraction < 63 pum could

not be compared between sampling years due to changes in methodology; however, the sand
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fraction between years was fairly similar for sites between 2007 and 2012 (Appendix B, Table

B2) with slight differences likely due to site positions
Organic contaminants

PAHS

Concentrations of PAHs were greater than the LEL (4 pg/g) but not the SEL and ranged
from 2.5 to 25 pg/g at exposed sites (Table 6). PAHs were highest in zone 1 (range: 3.5 — 25
Mg/g compared to zone 1 (range: 2.5 — 7.7 pg/g) and zone 3 (5.6 pug/g). PAHSs were not detected
at reference sites (Table 6). PAHs were not measured in the previous EC studies conducted
1997-2007.

BTEX Hydrocarbons and Petroleum hydrocarbons

Volatile hydrocarbons benzene, toluene, ethyl benzene and xylenes (BTEX) were not
detected in Cornwall samples (Appendix B, Table B3) as in 2007 (Milani and Grapentine 2009).
Total petroleum hydrocarbons (PHCs) (C6 to C50) were enriched at exposed sites, ranging from
266 to 1,230 mg/kg compared to reference sites which ranged from non-detect to 180 mg/kg
(Appendix B, Table B3). The highest concentration of PHCs was in zone 3, followed by the
eastern part of zone 2 and zone 1 (similar to that found for %TOC). Total PHCs consisted
mostly of the F3 fraction (C16-C34) (~60%) and F4 fraction (C34-C50) (<40%); however, very
heavy hydrocarbons (F4G, >C50) were found at one site in zone 1 (site 168), zone 3 (site 101)
and in 4 of the 5 sites in zone 2 (Appendix B, Table B3). This was similar to that found in 2007
where PHC concentrations were < 951 mg/kg (median 310 pg/g) at exposed sites and < 230
mg/kg at local reference sites, where the F3 fraction was dominant but there was the presence of
the very heavy hydrocarbons at a site zones 1 (site 168) and 2 of the 5 sites in zone 2 (Milani and
Grapentine 2009).

6.5 Invertebrate Mercury Levels

From 1 to 3 taxa were collected for analysis from each site. Chironomids were collected
from all exposed sites except one (zone 3) and all reference sites (n=16). Remaining taxa were

collected sporadically throughout the zones: snails at 4 exposed sites and 1 reference site (n=5),
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amphipods at 5 exposed sites and 1 reference site (n=6), and oligochaetes at 8 exposed sites and

0 reference sites (n=8). Only oligochaetes could be collected in zone 3.

Total Mercury

On a whole-body, uncleared-gut basis, the greatest THg accumulation occurred in zone 2,
specifically at the eastern end of the zone at site 31 (Fig. 8a); accumulation in zone 2 was up to
1.7x and 4.2x greater than zones 1 and 3, respectively. Within zone 1, the highest THg
accumulation occurred in the shallower sites (site 3S) for three taxa. Concentrations of THg
ranged from 57 to 1,210 ng/g (median: 163 ng/g) at exposed sites and from 24 to 86 ng/g
(median: 38 ng/g) at reference sites (Table 7). Bioaccumulation of THg by taxa, are provided

below.

Chironomids — THqg

Chironomids showed the greatest range of THg concentrations at exposed sites, ranging
from 111 to 1210 ng/g dw with all sites exceeding the 99™ percentile for reference sites (85.6
ng/g) by 1.3 to 14 times (Table 7). Where multiple data exist within a site (11 exposed sites have
multiple taxa data), chironomids accumulated the highest levels of THg at 64% of sites.

Snails — THg

Concentrations in snails ranged from 57 to 152 ng/g at exposed sites with all sites exceeding
the one reference site concentration (42.3 ng/g) by 1.3 to 3.6 times (Table 7). Total Hg
bioaccumulation was more similar to that seen in the amphipods than the other two taxa.

Amphipods — THg
Concentrations in amphipods ranged from 57.4 to 127 ng/g at exposed sites and all sites

exceeded the one reference site concentration (37.5 ng/g) by 1.5 to 3.4 times (Table 7).
Compared to the other taxa, amphipods generally accumulated the least MeHg at sites where

multiple data exist (Table 7).
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Oligochaetes — THg

Concentrations in oligochaetes at exposed sites ranged from 177 to 905 ng/g (Table 7).
Oligochaetes were the only taxa collected in zone 3 (site 101) and THg (291 ng/g) was elevated
compared to accumulation in other taxa at reference sites (range: 24-86 ng/g). (There are no
reference data for oligochaetes.) Where there were multiple taxa data within a site (7 sites),

worms accumulated the highest THg levels at 57% of sites.

Methylmercury

Bioaccumulation of MeHg was greatest in zone 1, different than that seen for THg (Fig. 8b),
and was up to 8.6x and 24x higher than that observed in zones 2 and 3, respectively. Within
zone 1, amphipods collected from the shallower sites had the highest levels. Concentrations of
MeHg ranged from 0.86 to 104 ng/g (median: 6.6 ng/g) at exposed sites and 1.2 to 21.2 ng/g
(median: 4.3 ng/g) at reference sites (Table 8). Zone 1 had the greatest variation in [MeHg]
across taxa (Fig. 8b). Results that fell below the ML (minimum level of quantitation) were
flagged with a ‘~* in Table 8; however, examination of instrument response (gross peak areas) in
exposed samples versus method blanks revealed that all but 7 samples had > 2 times difference
lending confidence that these samples contained detectable MeHg. The 7 values highlighted in
red were < 2 times the response for the method blanks, thus these values should be interpreted

with caution. Bioaccumulation of MeHg by taxa are provided below.

Chironomids — MeHq

Chironomids also showed the greatest range of MeHg concentrations at exposed sites (same
as that seen for THg), ranging from ~3.4 to 40.1 ng/g dw. Sites exceeding the 99™ percentile for
reference sites (~8.1 ng/g) included three in zone 1 (EHB, 3S, 7S) by 1.6 to 5 times and two sites
in zone 2 (27, 31) by 1.5 to 1.7 times (Table 8). There was confidence that all but one exposed
sample (site 183) and two reference samples (1320, 1331) contained MeHg.

Snails — MeHqg

Concentrations in snails ranged from ~5.2 to ~11.2 ng/g at exposed sites with all sites
exceeding the one reference site concentration (~2.57 ng/g) by 2 to 4.4 times (Table 8).

Bioaccumulation of MeHg was generally similar to that of the chironomids for the same site.
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Amphipods — MeHqg

Concentrations in amphipods ranged from 35.3 to 104 ng/g at exposed sites and all sites
exceeded the one reference site concentration (21.2 ng/g) by 1.7 to 4.9 times (Table 8).
Compared to the other taxa, amphipods accumulated the most MeHg at sites where multiple data
exist (Table 8), similar to that found in previous EC studies conducted in 2001 and 2007. This
was different than that seen for THg, where amphipods generally accumulated lower levels than

the other taxa.

Oligochaetes — MeHq

Concentrations at exposed sites ranged from ~0.86 to ~8.23; however, 4 of the 5 sites in
zone 2 (highlighted red in Table 8) should be interpreted with caution since these values were
below confidence that the sample contains detectable MeHg (see Section 6.1). Oligochaetes
were the only taxon collected in zone 3 (site 101) and accumulation was low (~4.3 ng/g)
compared to accumulation in other taxa at reference sites. There are no reference site data.
Where there are multiple taxa data within a site (i.e., oligochaetes and chironomids), the worms

accumulated the least MeHg.

Invertebrate Hg trends over time

Trends in [THg] over time, from 2001-2012, are shown by site for each taxon (Fig. 9a-c)
and by zone for each taxon (Fig. 10). With the exception of chironomids in zone 2 at a few sites,
[THg]s in 2012 were similar or lower to those from 2007 or 2001 but still remained elevated
above reference site levels (Figs. 9a-c). Concentrations at co-located sites have declined for
most taxa since 2001 (Figs. 9a-c). Across zones, THg accumulation also remained mostly stable
or lower since 2007 for each taxon; however, for zone 3, the three taxa collected in previous
years (midges, snails and amphipods) could not be collected in 2012 and the high Hg value in
zone 1 for chironomids represents the shallow site (7S) that was not sampled previously (Fig.
10). Razavi et al. (2013) reported overall higher [THg] in amphipods collected from zone 1 in
2007 (< 596.1 ng/g; n=38) than those from the current study (< 127 ng/g) or previous studies (<
239 ng/g) (Grapentine et al. 2005; Milani and Grapentine 2009) but sample size was much larger

in the former study. In the current study, chironomids showed the highest THg accumulation

24



overall in each zone (Fig. 10); however, oligochaetes accumulated the highest levels of THg at 3
of the 5 sites in zone 2 and one site in zone 1 (Table 7).

Trends in [MeHg] over time, from 2001-2012, are shown by site for each taxon (Fig. 11a-c)
and by zone for each taxon (Fig. 12). MeHg levels also showed declines in taxa since 2007 or
2001 with some exceptions for chironomids and amphipods. Levels of MeHg remained elevated
above reference levels for the most part, although in some cases concentrations at exposed sites
overlapped reference levels from 2007 or 2012 (Figs. 11a-c). By zone, chironomids and snails
showed similar or lower levels since 2007 or 2001 in zones 1 and 2. (No data are available for
zone 3 in 2012.) The highest MeHg levels were observed in amphipods collected from zone 1 in
2012, while zone 2 had the lowest levels and remained fairly stable since 2001 (Fig. 12). Current
[MeHg] in amphipods from zone 1 (range: 43-104 ng/g) or from previous studies (range: 18-47
ng/g) (Grapentine et al. 2005; Milani and Grapentine 2009) were mostly lower than those
reported by Razavi et al. (2013) in a 2007 study that focused on zone 1 (range: 27.6-146.9 ng/g,

n=23), although the sample sizes were much greater in the latter study.

6.6 Relationships between Mercury in Sediment and Invertebrates

Concentrations of Hg in each invertebrate taxon vs. Hg in sediment are plotted in Figs. 13 to
16, with fitted regression lines using sediment [THg] or [MeHg] alone as the predictor.
Regression equations and residual plots are provided in Appendix C. For THg, significant slopes
(P < 0.046) for the single predictor models were found for chironomids (n=16) and amphipods
(n=6) with adjusted r* values of 76.6 and 58.7%, respectively (Figs. 13a, 15a; Table 9). The
slope for the chironomids was more than double those for amphipods. Prediction of biota [THg]
was improved for the chironomids and amphipods by including sediment or grain size variables
(clay) and total organic carbon (TOC) as additional predictors (Table 9). The oligochaete model
(n=8) was improved with the addition of AVS (concentrations provided in Appendix B, Table
B4), with a negative slope (P= 0.003), and an adjusted r? value of 82.8% (Table 9). [THg]se Was
the strongest predictor and remained highly significant for all models (P< 0.010). Significant
slopes were found for chironomids and amphipods in previous years (2007 and 2001), with
improved predictions when sediment or overlying water nutrient, grain size variables or AVS
and sulphate (concentrations provided in Appendix B, Table B4) were included as additional
predictors (Grapentine et al. 2005, Milani and Grapentine 2009). A significant slope (P < 0.004)
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was also found for snails in 2001 (rzad,- value of 0.24, n=29), (Grapentine et al. 2005), but not in
current study where sample size was considerable lower (n=5). Nevertheless, even after fitting
other sediment variables to the regressions, [THQ]inyv Was strongly related to [THQ]seq.
Concentrations of Hg in the benthic invertebrates were measured without clearing their guts.
Thus, a fraction of the observed [Hg]in, could include sediment-bound Hg in the gut. While this
is relevant for assessing uptake of Hg by predators of invertebrates, which consume whole
organisms, it could account for the strong [THQ]seq - [THQ]inv relationships observed.

In 2012, with [MeHg]sq alone as the predictor significant positive slopes were found for
chironomids (r*=0.41; p=0.008) and amphipods (r>=0.78; p=0.02) (Figs. 13b, 15b) but not snails
or oligochaetes (Figs. 14b, 16b). It should be noted that for oligochaetes, half the values were
below confidence that the sample contains detectable MeHg values and thus results are not
reliable. Prediction of biota [MeHg] was improved for the chironomids and amphipods by
including sediment total phosphorus or iron (Fe) as additional predictors (negative slopes) with
adjusted R? values of 0.64 and 0.97, respectively (Table 9). In 2007, with [MeHg]sq alone as the
predictor, there were no statistically significant relationships for any of the three taxa; however
with additional predictors (e.g., Fe and Mn, SO,) the regressions were significant for the
chironomids and amphipods, with Rzad,- values going from 0 and 0.25 to 0.74 and 0.80 for the
chironomids and amphipods, respectively (Milani and Grapentine 2009). In 2001, with
[MeHg]sq alone as the predictor, only the snail regression was significant (p=0.028) with rzadj
value of 0.14 and 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
rzad,- =0.36, 0.48 and 0.57 for the chironomids, snails and amphipods, respectively (Grapentine et
al. 2005).

Overall, invertebrate MeHg concentrations were influenced by sediment MeHg
concentrations and a very strong relationship was found between [MeHg] in sediment and
[MeHg] in amphipods; however this regression was based on a small sample size. Significant
predictors of [Hg] in invertebrates included sediment grain size, nutrients, AVS and Hg
variables, similar to past studies. These results show some agreement with those of a 2005 study
of Cornwall area sediments by Canaério 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. Razavi et

al. (2013) found that the best predictors of [MeHg] in amphipods was porewater [MeHg] and
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[THg] (positive slopes), and depth and % LOI (negative slopes). (Porewater Hg was not

analyzed in the current study.)

6.7 Benthic Invertebrate Community Structure

The 2012 Cornwall samples consisted mainly of the midge Chironomidae (< 42,200 m™),
and the oligochaete worms Tubificidae (< 13,028 m™), and Naididae (< 9,268 m™), which were
present at all sites (Table 10; Appendix D, Table D1). The most abundant chironomids were
Polypedilum and Paralauterborniella although 34 genera were identified (Appendix D, Table
D3). The most abundant oligochaetes were immature unidentifiable tubificids (with and without
chaetal hairs); however, 28 species were identified in the samples, the most abundant of which
were Dero flabelliger and Pristina acuminata (naidids) and Aulodrilus pigueti and Quistradrilus
multisetosus (tubificids) (Appendix D, Table D3). Trombidformes (mites), consisting of 9
families and represented predominantly by Pionidae (Piona), were also present at all sites but in
lesser abundance (sum < 603 m™) (Table 10, Appendix D, Table D4). Taxa present at 5-7 sites
included: Trichopterans (caddisflies; sum < 2,232 m®), consisting of 3 families but
predominantly Leptoceridae (Leptocerus americanus); amphipods (sum < 2,413 m?),
represented by 2 families but mostly Hyalellidae (H. azteca); Pisidiidae (fingernail clam; < 422
m?); Caenidae (Caenis punctate) (mayfly; < 181 m™), and; gastropods (snails; sum < 2,352 m™),
consisting of 3 families but predominantly Hydrobiidae (Amnicola limosa) (Table 10; Appendix
D, Table D4). The remaining (other) 8 taxon groups present (sum < 841 m™%; Table 10) consisted
mainly of Asellidae (isopod; < 362 m), Hydridae (< 362 m™), and Ceratopogonidae (biting
midge; < 181 m®) (Appendix D, Table D1).

Taxon richness ranged from 5 to 21 families (Table 10). Zone 1 had an overall greater
number of families present compared to zones 2 and 3 and generally had lower total abundance
of taxa with the exception of the shallow site 7S (Table 10). Comparison of the total abundance
of the top 20 dominant taxa for test and reference sites indicated that the main difference was the
presence of zebra mussels (Dreissenidae) at the reference sites (700-800 m™), which were almost
absent at test sites, and the higher abundance of chironomids at test sites (~1,200 m™) versus
reference sites (~900 m™) (Fig. 17). The percent occurrence of the dominant taxa was similar for
exposed and reference sites with chironomids, tubificids, naidids, pisidids and mites being most

frequently present (Fig. 17). Again the key difference was the dreissenid mussels which
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occurred at 15-20 reference samples versus little to no occurrence at exposed sites as well as the
presence of caenid and ephemerid mayflies at 6-8 test sites versus little to none at reference sites
(Fig. 17).

Using taxon (17 family) abundance, a 2-dimensional nonmetric multidimensional scaling
(NMDS) solution was recommended for the reference model (final stress = 10.99). The
Cornwall test sites were similar to each other (i.e., they were located in similar location in
ordination space) with some separation along the second axis for site 183 (site 183 was the most
dissimilar to rest of test sites) likely due to increased taxon richness at this site (Fig. 18a, Table
10). Test sites were most similar to the St. Lawrence River reference sites 1321, 1331 and 1332
reference (Fig, 18a) and most dissimilar to Lake Ontario site 1304 likely due to increased
abundances of several taxa (e.g., naidids, tubificids, mites) at test sites compared to the Lake
Ontario reference sites. All test sites were located within the 90% confidence ellipse (band 1)
constructed around the reference sites and thus were categorized as similar to reference (Fig.
18b). The results of the multivariate assessment (NMDS) are summarized in Table 10, along
with results from the two previous (1997 and 2007) assessments. Co-located test sites were
either in bands 1 or 2 (similar or mildly different than reference) in previous assessments
indicating that benthic communities along the waterfront were stable and have remained/

relatively similar since 1997.

Trends in benthic community over time

The change in community composition over time was assessed by graphical analysis of
results from a NMDS of invertebrate family densities in site samples (Fig. 19). The sample
scores, connected in time series with other samples from the same site, show that variation
among Cornwall sites decreased over time, and in 2012 was within the range of variation for the
St. Lawrence River and Lake Ontario reference sites, except for one site 64, which was separated
from other sites on the second axis. (This disagrees somewhat with the NMDS of 2012 data
alone and is either a result of the additional data from other years, or maybe a poor fit of the
NMS procedure.) Variability was generally greater for the reference sites and specifically for the
Lake Ontario reference sites (Fig. 19).

Trends over time for two commonly used benthic descriptors, total abundance and taxon

richness, are provided in Figs. 20a and 20b, respectively. Total benthos at Cornwall sites was
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stable from 1997-2007 after which mostly increases were seen relative to reference sites (Fig.
20a); total benthos was nonetheless within the range of that seen for reference sites throughout
2000-2012, and reference sites were more variable (Fig. 20a). Taxon richness was variable at
test sites showing both increases and decreases from 1997-2007 and then again from 2007 to
2012 (Fig. 20b). Most Cornwall sites were within the range of the reference sites; one site (zone
2) was below the sparser reference sites in 2012 (Fig. 20b).

For most individual taxa, both increases and decreases were observed within the period
1997-2012, which also occurred at reference sites. Except for tubificids and dreissenids), taxon
densities at Cornwall sites were within the range observed for reference sites (Figs. 21a-j). The
numerically most important taxa were the chironomids, followed by the tubificid and naidid
worms. Throughout the time period, densities of these taxa at the Cornwall sites were similar to
or higher than those for most of the reference sites, although one reference site had very high
abundances of chironomids in 2007 and naidid worms in 2010 (Fig. 21a,c). Chironomids
increased in density at most test sites after 2007 (except site 183 in zone 1 which showed a sharp
decrease); some test sites remained within the range of densities for the reference sites but some
sites were above the range for most reference sites (Fig. 21a). After 2007, tubificid and naidid
densities also mostly increased with some sites (within each zone) to above the upper range
observed for most reference sites (Figs. 21b,c). The decreased densities after 2007 at site 183
(zone 1), and increases at other sites for chironomids and tubificid/naidid worms followed the
same pattern as seen for total benthos (Fig. 20a) indicating that the decrease or increase was
mainly driven by these taxa. Trichopteran densities were relatively stable from 1997-2007 at test
sites with similar densities to reference sites during this period (Fig. 21d). After 2007, both
increases and decreases in trichopterans were observed at test sites whereas there were mostly
increases at reference sites; about half the test sites had higher densities than most of the
reference sites, while remaining test sites had similar or lower densities. Amphipod densities
mostly declined from 1997 to 2007 at both test and reference sites (Fig. 21e); from 2008-2012,
densities increased at some test sites to above those observed at reference sites. Gastropod
densities were stable or declined from 1997-2007 although this was observed at reference sites as
well (Fig. 21f); after 2007, changes (increases or decreased) were still within the reference range.
Trends for the other lesser abundant taxa such as mites, pisidid clams, dreissenids and other

(remaining) taxa are provided in Figs. 21g-j. Fingernail clams (Pisidiidae) showed declines from
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1997 to 2007 after which they remained stable to 2012 with densities mostly within the range at
reference sites (Fig. 21h). Mite densities mostly declined or remained stable from 1997 to 2007
and with one site falling below and one site well above the reference range (Fig. 21g); after
2008, densities at exposed sites either increased or decreased to within the range observed for
reference sites. Dreissenids were absent from Cornwall sites throughout the 1997-2012 (Fig.
21i) whereas they were present at reference sites and in some cases in high densities throughout
the period (Fig. 19i). Remaining (other) taxa present at Cornwall sites were mostly stable from
1997-2012, except for 2 sites which show a large increase or decrease relative to reference sites

after 2007 (Fig. 21j); the densities of other taxa were within the range for most reference sites.

6.8 Sediment Toxicity

Mean species survival, growth and reproduction for 2012 Cornwall sediments are provided
in Table 11. The numerical criteria for reference conditions for each species based on 66 Great
Lakes reference sites are included: non-toxic is within 2 SDs of the mean; potentially toxic is
between 2 and 3 SDs of the mean, and; toxic is > 3 SDs of the mean. There was reduced
survival to Hyalella (61%) and mortality to adult Tubifex (1 or 2 worms out of 20) in zone 1, and
slightly reduced Hexagenia survival (92%) in zone 2 at one site (Table 11). The main effect
observed was low Tubifex reproduction however, with substantially reduced hatching of cocoons
and subsequent low young production compared to reference sites evident in zone 1 (2 of the 6
sites), zone 3 (the 1 site) and zone 2 (3 of 5 sites) (Table 11). At these impacted sites, the percent
of hatched cocoons ranged from 2.5-26% and young production ranged from 0.9-7.1 juvenile
worms/adult compared to GL reference sites, where the mean % of hatched cocoons was 57%
and mean young production was 22.1 (Table 11). Gametogenesis in the adult Tubifex worms,
however, was unaffected (i.e., cocoon production by the adult worm) (Table 11), which was also
found in previous studies (Milani and Grapentine 2009, Reynoldson, 1998). Reduced Tubifex
reproduction and Hexagenia survival was also noted at upstream reference site 1321 and reduced
Chironomus survival at site 1322 (Table 11).

Using the 10 toxicity endpoints, a 2-dimensional nonmetric multidimensional scaling
(NMDS) solution was recommended for the GL reference model (mean stress = 14.343, p =
0.004). When the 12 exposed sites and 5 upstream reference sites were run through the GL
reference model (one at a time), they ranged from very similar to quite different from GL
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reference (mean stress = 12.090) with a gradient pattern observed along both the first and second
axis (Fig. 22a). The construction of the three probability ellipses around the 66 GL reference
sites showed that 3 exposed sites were located outside 99.9% ellipse (severely toxic), 1 site was
between the 99 and 99.9% ellipses (toxic), 3 sites were between the 90 and 99% ellipses
(potentially toxic), and the 5 remaining exposed sites were within the 90% ellipse (hon-toxic)
(Fig. 22b). Two of the 5 reference sites (1321 and 1322) were also potentially toxic (Fig. 22b).
These summary results are provided in Table 11 along with the results from previous surveys
(2007, 2001). Strong evidence of toxicity (sites fell in band 3 or 4) was evident at 1 or 2 sites
within each zone, which was also found in 2007 (Milani and Grapentine 2009). In zones 2 and
3, toxicity was at observed at the same sites between years (sites 64 and 101), while in zone 1,
the toxic site in 2012 (EHB) was previously potentially toxic (Table 11). The potential toxicity
observed at the 2 reference sites was also observed in 2007 (Table 11). Overall toxicity in 2012
was generally similar to that found in 2007, although increased toxicity was evident at two sites
in 2012 (i.e., sites EHB and 31 were severely toxic or toxic in 2012 but only potentially toxic in
2007) (Table 11). Differences between years for these two sites were due to a lower percentage
of hatched cocoons and young production (2.5-14.4%; 2.6-3.0 young/adult) in 2012 compared to
2007 (35-58%); 5.2-12.5 young/adult) (Milani and Grapentine 2009).

Joint plots showing the relative relationship of endpoints to the NMDS axes scores and the
relationship between the explanatory (habitat) variables and NMDS scores are provided in Figs.
23a and 23D, respectively. The direction of the endpoint vectors shows its relative association
with the axes and the magnitude of that association (the longer the vector the stronger the
association) (Fig. 23a). Tubifex % hatched cocoons was the most influential response and was
most strongly associated with axis 1 (r* = 0.832), followed by Tubifex young production
(r*=0.498) while Hyalella survival was most strongly associated with axis 2 (r’=0.475) (Fig. 23a;
Appendix E, Table E1). Examination of the relationships between the habitat (explanatory)
variables and site axes scores showed that alkalinity (= 0.28) and THg (r> = 0.20) may have an
influence on toxicological response (Fig. 23b) although correlations were not very strong (r?
<0.28) (Appendix E, Table E2). Total Hg was elevated above the SEL or LEL at exposed sites
but not at the upstream reference sites where low reproduction and/or reduced survival were also
observed and alkalinity was only slightly elevated at exposed (< 91.7 mg/L) and upstream
reference sites (< 91.8 mg/L) compared to GL reference sites (mean 87 mg/L, sd=2) (Table 3).
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In 2007, Hg and TOC were significantly correlated to site axes scores in some cases although
correlations were also not very strong (r°=0.21 and 0.15, for Hg and TOC, respectively) (Milani
and Grapentine 2009).

Trends in toxicity over time

The changes in individual toxicological response at sites sampled from 1997-2012 are
shown in Figs. 24-27. Tubifex cocoon production was stable or improved since 1997 with all
sites above -2 SD of the mean and all sites except one above the reference mean (Fig. 24a). The
percent of hatched cocoons remained stable at ~half the sites but decreased to below -2 SD from
the mean at the other half (Fig. 24b) while young production remained stable or has increased
over time; about a third of the sites still remain below -2 SD from the reference mean (Fig 24c).
Hyalella survival was stable or improved since 2007 except for 1 site where survival dropped to
below 2 SD from the reference mean (site 184); survival was >76% at all sites except 184 (Fig.
25a). Hyalella growth has increased or remained steady over time since 1997 for most sites
except 184 where growth dipped to below the reference mean; all sites however are within 2 SD
of the mean (Fig. 25b). Chironomus survival showed declines at about half the sites since 2007
but remained within 2 SD of the mean and was >76% (Fig. 26a). Chironomus growth mostly
remained stable or improved since 1997 or 2007 and the two sites showing the greatest declines
in growth were in zone 1 (EHB, 183); sites were, however, all within 2 SD of the mean (Fig.
26b). Hexagenia survival showed increases and decreases since 2007 but was >92% and overall
remained above -2SD of the mean except for one site (site 31) (Fig. 27a). Hexagenia growth has
increased at all sites since 2007 and was above -2 SD of the mean (Fig. 27b).

7 CONCLUSIONS

A summary of status of benthic conditions for 2012 Cornwall test sites relative to reference
sites and temporal trends from 1997 to 2012 are summarized in Table 12.

Total and methyl Hg concentrations in sediment exposed to historical industrial discharges
remained elevated above those at local reference sites at all exposed (test) sites; concentrations of
total Hg exceeded high guidelines at 1 or 2 sites in each of the three zones. The highest

concentrations of sediment total and methyl Hg was found in zone 2, consistent with past studies.
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With the exception of zone 3 (represented minimally by 1 site), sediment total Hg concentrations
in 2012 were similar or lower to those from previous years. Methyl Hg concentrations at
Cornwall sites were generally more variable than total Hg, with increases from 2007 or decreases
from 2007 or 2001 observed at half the sites, while remaining sites had levels similar to those
observed in 2001.

Total Hg levels in resident benthic invertebrates (chironomids, amphipods, snails and
oligochaetes) exposed to historical industrial discharges remained elevated above those at local
reference sites but were mostly similar or lower to levels in 2007 or 2001. Declines in total Hg
were seen for most taxa since 2001 at co-located sites. Methyl Hg concentrations in
invertebrates at test sites were similar to or elevated at test above those at local reference sites.
Methyl Hg levels declined in some taxa since 2007 or 2001 with some exceptions. Methyl Hg in
the benthos, which was highest in zone 1 showed different patterns of distribution among zones
than total Hg, which was highest in zone 2. Total and methyl Hg in sediment were significantly
predictive of concentrations in 2-3 invertebrates; however, regressions were based on small
sample sizes. After adjusting for effects of other sediment covariables (e.g., sediment particle
size, total organic carbon, acid volatile sulphide, iron), relationships improved.

Benthic communities at Cornwall at 2012 test sites were categorized as similar to reference.
These results were consistent with previous surveys indicating stable communities or little
change in benthic communities over time (since 1997). The predominant taxa at Cornwall test
sites, tubificids and chironomids, were similar or increased in abundance compared to reference
in 2012. Total abundance and taxon richness were mostly within the range observed for
reference sites from 1997-2012; there were some increases in total benthos after 2007 while
taxon richness was more variable showing both increases and decreases. Other taxa were
relatively similar to reference sites in 2012 but showed varied response over time with both
decreases and increases in abundance observed.

Sediment toxicity was evident at four sites due to impaired reproduction in the worm Tubifex
and three sites were potentially toxic due to impaired Tubifex reproduction or low Hyalella
survival. Toxicity to Tubifex was evident throughout the three zones but was also observed at
some unexposed upstream reference sites, consistent with past studies. Tubifex were able to
produced cocoons but development of worms inside the cocoon was affected (and hence young

production). Survival and growth endpoints remained fairly stable over time except for one site
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in each of zones 1 and 2, where declines were significant compared to reference sites. Tubifex
cocoon and young production remained stable over time, but there were some decreases in the
rate of hatching. The cause of reduced worm reproduction was unclear (total Hg was not
strongly correlation to toxicological response) but was not likely Hg related since the same
effects were observed in both unexposed and exposed sites. Toxicity results from the laboratory
were also not consistent with field observations along the Cornwall waterfront where oligochaete
worms were an abundant species-rich group; however, it is possible that field populations have a

stronger tolerance due to their history of exposure.
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Figure 1. Invertebrate and sediment sampling locations for 2012 assessment. A = test site (n=12); e = local reference site (n=5).
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Figure 2a. Trends in overlying water temperature (°C), dissolved oxygen (mg/L), pH and alkalinity (mg/L) for Cornwall test sites

and local reference sites (green solid lines) from 1997 to 2012.
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Figure 2b. Trends in overlying water total phosphorus, total Kjeldahl nitrogen, nitrates + nitrites, and total ammonia (mg/L) for

Cornwall test sites and local reference sites (solid green line) from 1997 to 2012.
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Figure 3. Relationship between logged total mercury and methylmercury concentrations in
surficial sediment, 2012. The 95% confidence bands (blue) and prediction bands (red) for the
regression equation are shown. Mercury determinations are from Flett Research Laboratory.
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Figure 4a. Temporal trends in sediment total mercury concentration at Cornwall test sites and
local reference sites (green solid lines) from 1997 to 2012. The black and red dashed lines
represent the Lowest Effect Level (LEL) and Severe Effect Level (SEL), respectively. Sites with

total Hg concentrations greater than the SEL are labelled.
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Figure 4b. Temporal trends in sediment methylmercury concentration at Cornwall test sites and

local reference sites (green solid lines) from 2001 to 2012.
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Figure 5. Trends in surficial sediment total mercury
concentrations from 1997-2012 in (A) zone 1, (B), zone 3, and (C)
zone 2, compared to local reference (green). The boundaries of the
box represent the 25™ and 75" percentile, the solid line is the
median, the dotted line is the mean, the whiskers (error bars) are

the 10" and 90™ percentiles and the dots are outlying points.
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Figure 6. Trends in surficial sediment methylmercury concentrations from 2001-2012 in (A)
zones 1 and 3, and (B) zone 2, compared to local reference (green). The boundaries of the box
represent the 25™ and 75™ percentile, the solid line is the median, the dotted line is the mean, the
whiskers (error bars) are the 10" and 90™ percentiles and the dots are outlying points. Zone 3

[MeHg] is represented Dby the outlying horizontal line in subfigure A.
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Figure 7. Trends in sediment total organic carbon (%), total Kjeldahl nitrogen, and total phosphorus concentrations (ug/g dw) at
Cornwall test sites and local reference sites (green solid line) from 1997-2012. The lowest effect level (LEL) and the severe effect

level (SEL) is indicated for each nutrient.
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Figure 9a. Total mercury concentrations (ng/g dw) in chironomids at Cornwall and local

reference sites (solid green) from 2001 to 2012.
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Figure 9b. Total mercury concentrations (ng/g dw) in snails at Cornwall and local reference sites

(solid green) from 2001 to 2012. Unconnected symbols are sites sampled only once.
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Figure 10. Total mercury concentrations (ng/g dw) in chironomids, snails, and amphipods by zone from 2001-2012. Each line connects

[THg] for an individual site in 2001, 2007 and 2012. [THg] for any individual or non-continuous sites within a zone are shown by symbol.

Mercury determinations are from Flett Research Laboratory.
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Figure 1la. Methylmercury concentrations (ng/g dw) in chironomids at Cornwall and local
reference sites (green) from 2001 to 2012. Note: no midges could be obtained in 2012 from the
site with highest levels in 2007 (Site 108 — Zone 3).
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Figure 11b. Methylmercury concentrations (ng/g dw) in snails at Cornwall and local reference

sites (solid green) from 2001 to 2012.
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Figure 11c. Methylmercury concentrations (ng/g dw) in amphipods at Cornwall and local

reference sites (solid green) from 2001 to 2012.
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Figure 12. Methylmercury concentrations (ng/g dw) in chironomids, snails, and amphipods by zone from 2001-2012. Each line connects
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Figure 13. Relationship between total mercury (A) and methylmercury (B) log concentrations in

chironomids and sediment. Mercury determinations are from Flett Research Laboratory.
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Figure 14. Relationship between total mercury (A) and methylmercury (B) log concentrations in

snails and sediment. Mercury determinations are from Flett Research Laboratory.
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Figure 15. Relationship between total mercury (A) and methylmercury (B) log concentrations in

amphipods and sediment. Mercury determinations are from Flett Research Laboratory.
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Figure 16. Relationship between total mercury (A) and methylmercury (B) log concentrations in

oligochaetes and sediment. Mercury determinations are from Flett Research Laboratory.
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Figure 17. Dominant taxa (top 20) from 1997-2014 for reference sites (green) and Cornwall test sites (red).
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Cornwall AOC (2012) and reference site (2010-12) benthos*
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Figure 18a. Two-dimensional nonmetric multidimensional scaling of 2012 test and reference

sites illustrating grouping structure.
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Figure 19. Temporal variability of the benthic community structure of exposed sites (red lines)
(1997-2012) versus St. Lawrence River reference sites (gold lines) and Lake Ontario reference

sites (green lines) (2000-2012). Each line connects the scores of a site through time. The arrow
head represents the most recent year.
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Figure 20a. Temporal trends in total benthos for Cornwall test sites located in zone 1 (red), zone 2
(orange) and zone 3 (pink) compared to reference sites (green).
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Figure 20b. Temporal trends in taxon richness for Cornwall test sites located in zone 1 (red), zone 2

(orange) and zone 3 (pink) compared to reference sites (green).
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Chironomidae
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Figure 21a. Temporal trends in chironomid abundance for Cornwall test sites located in zones 1
(red), 2 (orange) and 3 (pink) compared to reference sites (green).
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Figure 21b. Temporal trends in tubificid abundance for Cornwall test sites located in zones 1 (red),
2 (orange) and 3 (pink) compared to reference sites (green).
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Naididae
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Figure 21c. Temporal trends in naidid abundance for Cornwall test sites located in zones 1 (red), 2
(orange) and 3 (pink) compared to reference sites (green).
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Figure 21d. Temporal trends in trichopteran abundance for Cornwall test sites located in zones 1
(red), 2 (orange) and 3 (pink) compared to reference sites (green).
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Amphipoda
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Figure 21e. Temporal trends in amphipod abundance for Cornwall test sites located in zones 1 (red),
2 (orange) and 3 (pink) compared to reference sites (green).

Gastropoda

=
[#:=]
1

=
[=a}
1

=
=
1

=
[
1

=
=
1

S
[=a}
1

log(No. per sample + 1)
=
[#=]

=
=y
1

0.2-

0.0

1996 1998 2000 2002 2004 2006 2008 2010 2012
Year

Figure 21f. Temporal trends in gastropod abundance for Cornwall test sites located in zones 1 (red),

2 (orange) and 3 (pink) compared to reference sites (green).
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Figure 21g. Temporal trends mite abundance for Cornwall test sites located in zones 1 (red), 2
(orange) and 3 (pink) compared to reference sites (green).
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Figure 21h. Temporal trends in pisidid abundance for Cornwall test sites located in zones 1 (red), 2
(orange) and 3 (pink) compared to reference sites (green).
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Dreissenidae
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Figure 21i. Temporal trends dreissenid abundance for Cornwall test sites located in zones 1 (red), 2
(orange) and 3 (pink) compared to reference sites (green).
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Figure 21j. Temporal trends in other taxa (excluding Dressenidae) abundance for Cornwall test sites
located in zones 1 (red), 2 (orange) and 3 (pink) compared to reference sites (green).
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Figure 22a. Two-dimensional nonmetric multidimensional scaling of toxicity endpoints for Great
Lakes (green dots) and 2012 upstream reference (blue diamonds) and Cornwall test sites (red

triangles) illustrating grouping structure. Mean stress = 11.684.
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AXIS 2

Tthtch A A A

Axis 1

Figure 23a. Joint plot showing the relative relationship of endpoints to the nonmetric
multidimensional scaling axes scores. Endpoints with r>>0.475 are shown. The longer the line
the stronger the influence of response on the axis. Tthtch = T. tubifex hatched cocoons

(r*=0.832), Ttyg = T. tubifex young production (r*=0.498), Hasu = H. azteca survival (r>=0.475).
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Figure 23b. Two-dimensional nonmetric multidimensional scaling of Great Lakes reference

sites and 2012 Cornwall and upstream reference sites showing the relationship between the
explanatory (habitat) variables (r>>0.20) and site ordination scores.
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T. tubifex
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Figure 24. Trends in T. tubifex cocoon production (A), hatched cocoons (B) and young
production (C) from 1997-2012 at 11 co-located Cornwall sites. The horizontal lines represent

the Great Lakes reference mean (n= 66 sites), and + 2 standard deviations (sd) from the mean.
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Figure 25. Trends in H. azteca survival (A) and growth (B) from 1997-2012 at 11 co-located

Cornwall sites. The horizontal lines represent the Great Lakes reference mean (n= 66 sites), and

+ 2 standard deviations (sd) from the mean.
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C. riparius
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Figure 26. Trends in C. riparius survival (A) and growth (B) from 1997-2012 at 11 co-located
Cornwall sites. The horizontal lines represent the Great Lakes reference mean (n= 66 sites), and
+ 2 standard deviations (sd) from the mean.
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Hexagenia spp.
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Figure 27. Trends in Hexagenia spp. survival (A) and growth (B) from 1997-2012 at 11 co-
located Cornwall sites. The horizontal lines represent the Great Lakes reference mean (n= 66

sites), and * 2 standard deviations (sd) from the mean.
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Table 1. Site coordinates (UTM North, Zone 18) and depth for 1997-2012 studies. Sites in the same row are co-located (same or similar

locations). MBC= mini-box corer.

1997 2001 2007 2012
Site Site Easting  Northing | Site Site Easting Northing Site Site Easting Northing Site Site Easting Northing
Area depth depth depth depth
U/S Ref. 1319 26 506371.1 4984680.3
1320 6.4 505141.8 4983905.1 | 1320 6.8 505141.9 4983907.8 | 1320 6.6 505151.3 4983902.8
1321 5.4 514300.8 4985690.5 | 1321 6.7 514305.4 49856929 | 1321 6.3 514309.5 4985682
1322 6 5151229 4983020.4 | 1322 6.6 515119.8 4983020.1 | 1322 8.1 515130.8 4983039.9
1323 6.8 515657.4  4982764.2
1325 5.8 509857.1  4985759.0
1326 8.4 507351.4  4983503.2
1331 8.0 508732.5 4983873.6 | 1331 8.1 508734.3 4983872.8 | 1331 6.5 508736.1 4983878.8
1332  10.6 515998.5 4985347.7 | 1332 10.7 515996.2 4985346.5 | 1332 9.6 516002.9 4985338.2
D/S Ref. 1327 5.2 526730.9 4984006.7 | 1327 6.9 526732.6 4984008.0
1328 8.6 525933.5 4983770.6
Al 5.8 527311.7 4984070.2 Al 6.1 527312.8 4984069.7
Zonel 167 7.5 521149 4984263 167 7.1 521173.8 49842819 | 167 7.9 521173.9 4984281.4
168 7.9 521206.9 4984278.2 | 168 8.1 521204.5 4984281.8 | 168 8.0 521210.8 4984281.3
183 1.9 5211115 4984161.8 | 183 2.7 521110.6 4984167.3 | 183 2.0 5211109 4984167.7
184 4.0 521151.7 4984213.0 | 184 5.2 521152.6 4984209.5 | 184 2.5 521155.4 4984211.3
EHB 9.2 521363.3 4984360.6 | EHB 8.0 521357.1 4984357.0
3S 1.8 521190.8 4984311.3
7S 1.1 521311.6 4984394.1
Zone 3 101 7.1 523157.5 4984774.4 | 101 7.3 523157.4 4984773.5| 101 8.0 523155.7 4984771.9
108 6.3 523196.2 4984755.9 | 108 6.4 523196.8 4984756.9
Zone 2 105 5.5 523937 4985038 5 6.1 523952.5 4985067.8 5 5.5 523952.1 4985067.1 5 5.7 523956.2 4985064.7
109 7.5 523978 4985097 9 6.5 523996.8 4985100.2
16 9.2 524163.8 4985100.4
117 10.5 524181 4985227 17 8.9 5242019 4985223.3 17 7.6 524199.7 4985221.7 17 8.9 524206.1 4985219.7
19 9 524252.2  4985223.2
127 12.0 524391 4985290 27 10.7 524419.3 4985285.2 27 10.9 524421.4 4985285.5 27 9.9 524428.9 4985281.1
128 524479 4985290
131 10.0 524568 4985395 31 8.7 524582.0 4985396.2 31 9.1 524585.1 4985395.4 31 9.3 524586.1 4985394.4
132 10.5 524623 4985420
164 7.5 524070 4985168 64 3.1 524075.0 4985179.5 64 3.4 524076.4 4985178.7 64 5.2 524078.2 4985174.5
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Table 2. Environmental variables measured at each site.

Field Overlying Water Sediment Benthic

(0.5 m from bottom) (0-10cm) Invertebrates
Northing Alkalinity Total Hg Total Hg
Easting Conductivity Methyl Hg Methyl Hg
Site Depth Dissolved Oxygen 29 Metals

pH

Total Kjeldahl Nitrogen
Nitrates+Nitrites-N
Total Ammonia-N

Total Phosphorus

12 Major Oxides

Acid Volatile Sulphides
PAHSs

Sulphate

Total Phosphorus

Total Kjeldahl Nitrogen
Total Organic Carbon
Loss on Ignition

Clay, Silt, Sand, Gravel
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Table 3. Characteristics of sampling site overlying water, 2012. Values are in mg/L unless otherwise

noted.

Area/Zone Site | Alkalinity | Conductivity | Dissolved NH; | NO3/NO,| TKN | pH | Temp | Total P
pS/cm 0, °oC

SLR 2001/07 reference 87.0 292 9.6 0.021 | 0154 | 0238 | 85 | 168 | 0.014
site mean (sd)® @) (4.6) (0.7) | (0.011) | (0.048) |(0.035)| (0.2) | (3.0) | (0.003)
SLR Reference | 1320 88.1 274 105 0.005 | 0026 | 0227 | 84 | 9.21 |0.0169
(upstream) 1321 90.3 276 9.6 0.005 | 0.148 | 0215 | 8.1 | 13.65 | 0.0087
1322 89.2 274 9.5 0.008 | 0124 | 021 | 84 | 12.7 |0.0185
1331 90.3 276 9.4 0.011 | 0137 | 0216 | 8.4 | 12,56 | 0.0087
1332 91.8 275 9.6 0.0025 | 0.141 | 0228 | 8.3 | 13.15 | 0.0103
Zone 1 183 90.6 279 11.6 0.006 | 0.138 [ 0.235 [ 83 [12.68 | 0.009
1847 90.4 276 11.7 0.019 | 0.146 | 0.281 | 84 | 13.2 | 0.014
168 90.5 275 11.4 0.008 | 0.147 | 0256 | 8.3 | 13.31 | 0.0096
EHB 90.1 275 11.7 0.0025 | 0.149 [ 0205 | 8.3 | 13.43 | 0.0097
3S 90.5 275 9.7 0.008 | 0149 | 0217 | 8.3 | 13.34 | 0.0098
7S 90.4 275 9.9 0.008 015 | 0.234 | 83 [ 13.37 | 0.0103
Zone 3 101 91.7 276 10.8 0.008 | 0161 | 021 [ 8.4 [12.84[0.0093
Zone 2 5 90.8 278 10.7 0.02 017 [ 0.208 | 83 [12.89 | 0.0101
64 91.1 279 10.9 0.012 017 [ 0222 | 83 [ 1291 0.022
17 90.9 278 10.8 0.012 | 0171 | 0213 | 83 [1295| 0.01
27 90.5 276 10.9 0.012 | 0.164 | 0.248 | 8.3 | 13.02 | 0.008
31° 90.3 275 10.4 0.006 | 0.166 | 0.221 | 83 | 12.8 | 0.008

& from Grapentine et al. (2005) and Milani and Grapentine (2009)

> QA/QC site; value represents mean of 3 field replicates
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Table 4. Total mercury (ng/g dw) and methylmercury (ng/g dw) concentrations in sediment. Total

mercury values exceeding the provincial Severe Effect Level (2.0 pg/g) are in red.

Total Hg Total Hg Total Hg Methyl Hg
Zone Site (Flett) (Caduceon) Avg’ (Flett)
(Mg/g dw) (Mg/g dw) (Mg/g dw) (ng/g dw) [avg]
Local 1320 0.081 0.064 (0.064)° 0.073 0.58
Reference 0.037 (0.025, 0.023, 0.015 0.021
1321 0.022)* 0.47
1322 0.061 0.068 0.065 0.98
1331 0.147 0.126 0.137 0.90
1332 0.150 0.181 0.166 0.97 (0.99)° [0.98]
Zone 1 183 1.69, 1.447 2.47 2.02 1.31, 1.147[1.23]"
0.771 (0.679, 0.722)* [0.7330.77970.764" 0.80 2.17 1.767 1.84" 2.27
184 0.46", 1.08" (1.1)" [2.06]"
0.466 0.636 1.58 (1.65)* 1.12"
168 0.725,0.886" [1.37]"
0.654, 0.419" 0.217 (0.294)° 0.469
EHB | (0.225,0.324,1.88)™ 4.97, 2.027 [3.50]"
3.74 3.99 3.15, 3.05' (3.08)™
3s 4.22 (4.69)% 4.047 [3.11]7
7S 1.11 2.01 1.56 3.53
Zone 3 4.94 (3.84)° 4.64 438, 5217 (5.54)™
101 3.7 (4.24)*5.817 [4.88]"
Zone 2 5 1.4,2.38" 1.57 1.73 1.89,1.987[1.94]"
64 1.38, 1.99" 1.84 1.76 2.10,2.82" [2.46]"
0.651 (0.712, 1.2, 0.771)* 0.938 0.94 1.69,0.92" (1.14)™
17 1.06" [1.36]"
0.776 (0.742, 0.724, 0.498 3.08
27 0.557) 1.7,4.85" [3.28]"
11.27 (10.1)™
9.94™R (11.4,10.4)™R@
3.06 (3.17, 2.97, 15)™ 2.36 2.87" 3.47" 6.46
3.117 4.18F 3.753.76" (4.18)"
31 | 1247 (109,275, 11.6)™ 3.567 7.18" [5.47]

%laboratory duplicate; ° repeat aliquot; " field replicate T Sample from tissue collection tubs (see methods); * reanalysis

“average between the two labs; ~“average of field rep(s) and tissue rep(s)
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Table 5. Sediment trace metal and nutrient concentrations at Cornwall test sites, 2012 (Caduceon Laboratory

analysis). Values exceeding the Severe Effect Level (SEL) and Lowest Effect Level (LEL) are in red and blue,

respectively.
. N N Zone 1 Zone 3 Zone 2

Parameter| Units | MD.L. | LEL® | SEL 53 o o8 | e = 7S 1010 s ” T > a
Aluminum| ug/g 10 7620 |15566.7| 7150 2680 5410 8700 3785 | 13600 [ 14500 | 7200 7940 6253

Antimony| ug/g 0.5 < 0.5 0.7 <05 | <05 | <05 1.2 <44 0.8 1.4 0.7 <0.5 1.2

Arsenic| ug/g 0.5 6 33 2.3 3.7 1.8 0.6 2.0 2.4 1.3 3.6 5.1 2.7 2.2 2.1

Barium| ug/g 1 55 124 48 15 47 76 25 115 121 55 64 49.7

Beryllium| ug/g 0.2 0.3 0.5 0.3 <0.2 0.2 0.3 <0.2 0.5 0.5 0.3 0.3 0.2

Bismuth| pg/g 5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Cadmium| ug/g 0.5 06 | 10 | <05 1.5 <05 | <05 ] <05 ]| <05 ]| <05 0.7 0.6 <05 | <05 | <05
Calcium| pglg 10 5430 | 20667 | 21700 | 10700 | 29800 | 32700 | 28950 | 25200 | 27100 | 28600 | 24100 | 31867

Chromium| ug/g 1 26 110 27 32 18 7 15 22 11 33 35 20 20 17

Cobalt| ug/g 1 5 9 5 2 4 6 3 8 9 6 6 5

Copper| wHglg 1 16 110 41 46 21 17 24 27 16 50 50 25 18 21
Iron| pg/g 10 | 20000 |40000| 12900 | 25767 | 13200 | 6510 [ 12000 | 16600 | 10100 | 23600 [ 25400 | 15300 | 19600 | 14367

Lead| po/g 5 31 250 23 25 18 8 14 19 17 54 64 35 15 18
Magnesium| ug/g 10 3370 | 10893 [ 11400 | 6150 | 11400 | 11900 | 8440 | 11800 | 12700 | 12300 | 11500 | 12033
Manganese| ug/g 1 460 | 1100 87 229 140 79 136 155 124 222 247 195 227 200

Molybdenum| ug/g 1 2 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Nickel| ug/g 1 16 75 19 25 14 5 12 15 8 23 24 13 14 12
Phosphorus| ng/g 5 936 1004 870 574.5 795 951 704.5 902 952 847 865 903
Potassium| ug/g 30 1310 2720 1170 475 1030 1610 700 2380 2620 1260 1430 1100

Silicon| ug/g 1 198 181 227 242 228 232 179 209 222 238 234 180
Silver| ug/g 0.2 <0.2 0.4 <02 [ <02 [ <02 | <02 ] <02 0.6 0.4 1 <02 | <0.2

Sodium| pg/g 20 170 337 170 90 180 250 180 290 310 180 210 190

Strontium| pg/g 1 24 44 26 14.5 43 53 30.5 47 51 36 32 38

Tin| ug/g 10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10

Titanium| ug/g 1 408 729 413 188.5 341 461 280 670 716 431 507 408

Vanadium| ug/g 1 13 26 15 8.5 13 18 13.5 24 26 19 26 18

Yttrium| po/g 0.5 8.5 14.3 10 5.25 8.6 11.1 6.5 13.1 14 10 11 10.1

Zinc| ug/g 3 120 | 820 80 120 72 31 53 81 52 299 291 135 112 105

Zirconium| pHg/g 0.1 2.5 5.8 6.1 3.75 7.1 8 7.05 7 7.4 7.2 6.4 7.6

Aluminum (AI203) % 0.04 9.92 10.4 10 11.195 [ 9.92 10.2 8.275 9.04 10.3 9.63 7.76 8.3
Barium (BaO) % 0.002 0.063 | 0.064 | 0.068 [0.0715 | 0.068 0.07 0.06 0.057 | 0.064 | 0.066 | 0.058 | 0.063
Calcium (CaO) % 0.06 2.17 3.37 5.22 2.73 5.37 5.49 4.99 3.85 4.45 3.73 4.42 5.46
Chromium (Cr203) % 0.006 0.01 | 0.0117( 0.008 | 0.0085| 0.008 [ 0.008 0.01 0.01 0.011 |< 0.006|< 0.006| 0.008
Iron (Fe203) % 0.01 3.14 4.33 3.07 3.71 3.11 3.57 3.425 3.96 4.57 2.95 5.42 3.75
Magnesium (MgO)| % 0.03 122 | 237 | 254 [ 1855 | 255 | 264 | 1.97 | 245 | 281 | 1.84 | 257 | 2.62
Manganese (MnO) % 0.003 0.043 | 0.056 | 0.054 [0.1005| 0.052 | 0.054 [ 0.052 | 0.051 [ 0.059 | 0.058 [ 0.081 [ 0.062
Phosphorus (P205)| % 0.5 <05 | <05 | <05 [ <05 | <05]<05]<05]<05|<05|<05]<05]c<05

Potasium (K20) % 0.2 2.3 2.4 2.4 2.7 2.3 2.4 2.25 2.2 2.5 2.3 1.6 2.3
Silica (SiO2) % 0.1 59.3 53.0 60 61.2 59.1 56.8 61.25 44 49.7 52.3 58.3 64.6

Sodium (Na20) % 0.5 2.3 1.9 2.5 2.6 2.7 2.6 3.6 2 2.3 2.6 1 1.5
Titanium (TiO2) % 0.02 0.57 0.63 0.57 0.52 0.55 0.6 0.635 | 0.59 0.67 0.61 1 0.69
TC (LOI@1000°C) % 0.05 20.7 21.7 10.3 2.99 11 14.3 7.105 29 23.6 9.18 9.03 8.69
Whole Rock Total % 97.6 99 96.7 88.4 91.8 94.4 90.15 92.2 94.4 83.8 87.7 93.4
Total Kjeldahl Nitrogen| uHg/g 0.05 550 | 4800 | 4050 7280 2280 569 2660 4990 1250 4960 6150 2100 2600 1780
Phosphorus-Total| pg/g 0.01 | 600 |2000| 1130 | 1270 942 676 966 1070 949 1100 [ 1170 972 804 1029
Total Organic Carbon|% by wt| 0.05 1 10 7.47 8.30 2.52 0.78 2.74 4.44 1.625 10.8 7.65 2.15 2.47 1.86

From Fletcher et al. (2008); ® mean of three field replicates © average of laboratory duplicates; MDL = method detection limit
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Table 6. Polycyclic aromatic hydrocarbon concentrations (g/g) in exposed and reference sediment, 2012.

Site 183 1842 168 EHB 3S 7S 101 5 64 17 27 317 1320 1321 1322 1331 1332
Polycyclic Aromatic Hydrocarbons

Acenaphthene 0.18 <0.25 <0.050 0.181 0.21 0.36 <0.075 | <0.10 <0.15 <0.075 <0.075 <0.075 [ <0.075 <0.050 <0.10 <0.10 <0.15
Acenaphthylene 0.18 <0.25 <0.050 <0.050 <0.10 <0.15 [ <0.075 | <0.10 <0.15 <0.075 <0.075 <0.075 | <0.075 <0.050 <0.10 <0.10 <0.15
Anthracene 0.63 0.22 0.077  0.363 0.46 0.54 0.231 | <0.10 <0.15 0.144 <0.075 0.08 | <0.075 <0.050 <0.10 <0.10 <0.15
Benzo(a)anthracene 2.34 0.52 0.317 0.778 0.96 1.23 0.477 0.38 0.35 0.594  0.239 0.29 |[<0.075 <0.050 <0.10 <0.10 <0.15
Benzo(a)pyrene 2.13 0.62 0.320  0.658 0.88 1.09 0.439 0.41 0.43 0.640 0.234 0.30 [ <0.075 <0.050 <0.10 <0.10 <0.15
Benzo(b)fluoranthene 2.29 0.66 0.342  0.734 0.86 1.07 0.428 0.49 0.56 0.726  0.249 0.31 | <0.075 <0.050 <0.10 <0.10 <0.15
Benzo(g,h,i)perylene 1.16 0.41 0.201  0.379 0.51 0.61 0.252 0.30 0.32 0.460  0.155 0.18 | <0.075 <0.050 <0.10 <0.10 <0.15
Benzo(k)fluoranthene 1.65 0.46 0.247  0.469 0.61 0.83 0.261 0.34 0.36 0.531 0.182 0.24 |[<0.075 <0.050 <0.10 <0.10 <0.15
Chrysene 2.48 0.61 0.362  0.805 0.92 1.22 0.589 0.54 0.51 0.747  0.296 0.34 | <0.075 <0.050 <0.10 <0.10 <0.15
Dibenzo(ah)anthracene 0.35 <0.25 0.052 0.100 0.13 0.17 <0.075 | <0.10 <0.15 0.104 <0.075 0.05 <0.075 <0.050 <0.10 <0.10 <0.15
Fluoranthene 4.27 0.97 0.607 1.73 2.29 271 0.895 0.75 0.87 1.42 0.456 0.58 | <0.075 <0.050 <0.10 0.10 <0.15
Fluorene 0.26 <0.25 <0.050 0.196 0.20 0.35 0.095 | <0.10 <0.15 <0.075 <0.075 <0.075 | <0.075 <0.050 <0.10 <0.10 <0.15
Indeno(1,2,3-cd)pyrene 1.34 0.42 0.201  0.429 0.53 0.64 0.223 0.28 0.32 0.466  0.155 0.19 |[<0.075 <0.050 <0.10 <0.10 <0.15
1+2-Methylnaphthalenes 0.171 <0.042 <0.042 0.099 0.085 0.456 | 0.062 | 0.043 <0.042 <0.042 <0.042 <0.042 | <0.042 <0.042 <0.042 <0.042 <0.042
1-MethyInaphthalene <0.090 <0.15 <0.030 0.050 <0.060 0.172 | <0.045 | <0.060 <0.090 <0.045 <0.045 <0.045 [ <0.045 <0.030 <0.060 <0.060 <0.090
2-Methylnaphthalene 0.110 <0.15 <0.030 0.048 <0.060 0.284 | 0.062 | <0.060 <0.090 <0.045 <0.045 <0.045 | <0.045 <0.030 <0.060 <0.060 <0.090
Naphthalene <0.15 <0.25 <0.050 0.100 <0.10 <0.15 | <0.075 | <0.10 <0.15 <0.075 <0.075 <0.075 | <0.075 <0.050 <0.10 <0.10 <0.15
Phenanthrene 2.14 0.51 0.280 1.46 1.87 2.16 0.816 0.25 0.28 0.657  0.152 0.27 | <0.075 <0.050 <0.10 <0.10 <0.15
Pyrene 3.36 0.81 0.529 1.37 1.91 2.14 0.783 0.60 0.72 1.18 0.405 0.48 | <0.075 <0.050 <0.10 <0.10 <0.15
PAHSs, total 25.04 6.06 3.54 9.95 12.43  16.03 5.61 4.38 4.72 7.67 2.52 328 |[<0.075 <0.050 <0.10 <0.10 <0.15

#mean of three field replicates
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Table 7. Total mercury concentration (ng/g dry weight, recovery corrected) in resident benthic

invertebrates.
BIOTA — Total Mercury
Area/Zone Site Chironomid Snail Amphipod Oligochaete
St. Lawrence River 17-109 25-166 34-72 n/a
Reference range (mean)? (60) (81) (54)
SLR Reference 1320 23.8 - - -
(upstream) 1321 315 - - -
1322 29.8 42.3 37.5 -
1331 85.6 - - -
1332 85.2 - - -
Zone 1 183 173 - 81.6 -
184 127 711 57.4 (57.3)" -
168 126 - - 249
EHB 472 - - 315
3S 713 152 127 -
7S 219 68.3 103 -
Zone 3 101 - - - 291
Zone 2 5 111 - 66.2 205
64 134 57.0 - 177
17 151 - - 292
27 617 (686)° - - 365
31 1210 - - 905

 From Grapentine et al. (2005) and Milani and Grapentine (2009)

‘-‘=no data
® Jaboratory duplicate




Table 8. Methylmercury concentration (ng/g dry weight, recovery corrected) in resident benthic
invertebrates. Values below the minimum level of quantitation limit (16 ng/g), which is
considered a practical quantitation limit, are flagged by an “~”. Values highlighted in red are
below the confidence level that the sample contains detectable methylmercury (see text in
Section 6.1 for details).

BIOTA — Methylmercury
Area/Zone Site Chironomid Snail Amphipod Oligochaete
St. Lawrence River 1.4-24.0 7.3-43.0 13.8-35.0 n/a
Reference range (mean)® 7.7) (21.7) (24.3)
SLR Reference 1320 ~1.20 - - -
(upstream) 1321 ~4.95 - - -
1322 ~8.27 ~2.57 21.2 -
1331 ~3.15 - - -
1332 ~4.25 - - -
Zone 1 183 ~3.36 - 46.6 -
184 ~4.06 (~4.04)P ~5.20 42.5 -
168 ~5.08 - - ~2.87
EHB 40.1 - - ~6.75
3S ~12.7 ~11.2 104 -
7S ~14.2 ~8.62 101 -
Zone 3 101 - - - ~4.56 (~4.10, ~4.14)"
Zone 2 5 ~5.38 (~5.68)" - 35.3 ~2.09
64 ~6.02 ~6.73 - ~0.86
(~6.24)"°
17 ~6.17 - - ~2.98
27 ~12.1 - - ~2.58
31 ~14.0 - - ~8.23

 From Grapentine et al. (2005) and Milani and Grapentine (2009)
‘-‘=no data
® laboratory duplicate
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Table 9. Prediction of whole body concentrations of total mercury and methylmercury in
invertebrate taxa collected in 2012 based on sediment mercury concentration alone (“A”
models), and where applicable, sediment mercury concentration plus other sediment
physicochemical variables (“B” models). The groups of multiple predictors listed are from the
models that best predicted [Hg]in using sediment and water variables. [Hg]ses Was retained in all

models. Variables in the models that were log(x)-transformed are indicated.

Response Predictor - P R P
Model Coefficient . )
log( [Holinv ) ([X]seq ) (predictor) (regression)

Total Hg - Chir A log total Hg 0.5551 <0.001 76.6 <0.001
B log total Hg 0.5822 <0.001 925 <0.001

% clay -0.0364 0.007

% TOC -0.0481 0.002
Total Hg-Snails A log total Hg 0.2306 0.121 0.0 0.121
Total Hg-Amph A log total Hg 0.2440 0..046 58.7 0.046
B log total Hg 0.2900 0.010 87.7 0.020

% TOC -0.0322 0.048
Total Hg-Olig A log total Hg 0.2681 0.093 30.0 0.093
B log total Hg 0.3856 0.003 82.8 0.005

log AVS -0.3064 0.007
Methyl Hg-Chir [ A log Methyl Hg 0.7316 0.008 36.3 0.008
B log Methyl Hg 0.6297 0.004 64.4 <0.001

Total P sed -0.0009 0.004
Methyl Hg-Snail | A log Methyl Hg 0.6769 0.119 48.0 0.119
Methyl Hg-Amp | A log Methyl Hg 1.0899 0.020 72.6 0.020
B log Methyl Hg 0.9462 0.003 96.9 0.003

log Fe -0.8836 0.011
Methyl Hg-OligF | A log Methyl Hg -0.0066 0.991 0.0 0.991

2 methyl Hg values were below confidence that the sample contains detectable methyl Hg; therefore results not reliable.
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Table 10. Macroinvertebrate abundance (per m?) and taxon richness for 2012 Cornwall test sites by zone. Site assessment categories

(bands) based on multivariate comparisons to reference sites for current and previous studies are shown (see text for details).

Taxon Zone 1 Zone 3 Zone 2

Group 183 184° 168 EHB 3S 7S 101 5 64 17 27 31°
No. families 21 19 8 7 15 17 7 8 13 9 5 12
Chironomidae 4,304 5,106 7,780 | 16,598 | 15,923 | 33,233 | 35706 | 14,475 | 9,650 | 11,399 | 14,294 | 42,200
Tubificidae 2,301 2,392 | 11,942 | 3,241 1,990 2,413 13,028 7,961 6,936 5,790 8,022 9,550
Naididae 2,103 2,915 6,273 3,067 3,136 2,774 4,524 4,946 5,187 6,092 6,273 9,268
Trichoptera 1,014 | 1,307 121 0 362 1,990 0 121 2,232 0 0 0
Amphipoda 792 985 0 0 1,628 | 1,568 0 0 2,413 0 0 0
Gastropoda 470 1,327 60 0 543 2,352 0 0 0 60 0 0
Trombidformes 371 221 60 74 603 241 362 422 603 362 60 241
Caenidae 148 161 0 25 0 181 60 0 0 0 0 20
Pisidiidae 50 0 0 0 0 60 0 60 121 422 60 121
Other taxa” 841 442 181 25 362 663 0 60 422 181 0 60
Total Abundance | 12,392 | 14,857 | 26,417 | 23,030 | 24,548 | 45476 | 53,679 | 28,046 | 27,563 | 24,306 | 28,709 | 61,460
BAND 2012 1 1 1 1 1 1 1 1 1 1 1 1
BAND 2007° 2 1 1 1 - - 2 1 1 1 1 1
BAND 1997° - - - - - - - 1 2 1 2 1

# QA/QC site — values represent mean of three box corer drops
®< 8 taxa - see Appendix D, Table D1 for list

¢ Milani and Grapentine (2009)

¢ Reynoldson (1998)
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Table 11. Mean percent survival, growth (mg dry weight) and reproduction per individual in sediment toxicity tests conducted with Cornwall
test sites and upstream (U/S) reference sites. Toxicity, based on numerical guidelines, is indicated in red and potential toxicity in blue. Site

assessment categories for current and previous studies are shown.

C. riparius H. azteca Hexagenia spp. T. tubifex
Site Growth % Growth % Growth % No. % % No. BAND | BAND | BAND
Survival Survival Survival | cocoons/ | cocoons | Survival young/ 2012 2007° | 1997°
Adult hatched Adult
GL REF 0.36 89.8 0.52 87.9 4.18 98.9 10.3 56.5 99.9 22.1
mean®
Zone 1l
183 0.20 76.0 0.55 76.0 7.58 98 9.4 46.9 90 22.4 1 2 -
184 0.31 84.0 0.36 61.3 8.40 100 12.6 49.7 100 25.7 2 1 -
168 0.37 92.0 0.36 95.0 6.12 100 12.6 26.2 100 7.1 2 2 -
EHB 0.30 82.7 0.64 89.3 3.50 100 12.3 2.5 95 2.6 4 2 -
3S 0.43 78.7 0.33 88.3 5.05 98 11.3 454 100 30.7 1 - -
7S 0.45 80.0 0.37 90.7 6.85 100 12.2 44.0 100 25.1 1 - -
Zone 3
101 0.46 78.7 0.47 89.3 3.28 96 10.7 3.6 100 1.6 4 4 -
Zone 2
5 0.35 88.0 0.34 85.3 3.66 100 12.1 40.2 100 11.0 1 2 2
64 0.37 93.3 0.44 86.7 6.81 96 12.8 5.4 100 0.9 4 3 1
17 0.36 94.7 0.44 92.0 6.71 100 12.7 43.8 100 21.0 1 1 2
27 0.35 88.0 0.72 94.7 6.64 96 12.6 23.1 100 6.2 2 2 2
31 0.40 85.3 0.52 89.3 4.04 92 12.1 14.4 100 3.0 3 2 1
U/S Ref.
1320 0.36 89.3 0.40 93.3 5.09 96 11.2 41.4 100 10.8 1 2 -
1321 0.59 90.7 0.64 92.0 5.96 94 135 23.4 100 1.7 2 2 -
1322 0.21 66.7 0.69 98.3 10.60 100 12.4 35.0 100 21.8 2 2 -
1331 0.32 97.3 0.62 85.3 6.86 100 11.5 38.9 100 14.6 1 1 -
1332 0.44 76.0 0.40 80.0 5.19 100 11.6 58.5 100 25.5 1 1 -
Non-toxic? 0.53 - 0.83 - 7.87 - 78.4 — - -
0.21 >75.8 0.21 >69.2 0.80 >95.1 12.8-7.9 34.7 >98.4 38.0-6.4
Potentially 0.20 - 75.7 - 0.20 - 69.1 - 0.79 - 95.0 - 34.6 — 98.3 -
toxic 0.12 68.6 0.05 59.7 0.00 93.0 7.8-6.6 23.7 97.5 6.3-0.1
Toxic <0.12 <68.6 <0.05 <59.7 neg. <93.0 <6.6 <23.7 <97.5 0.0 - - -

2 Based on 66 reference sites, Environment Canada, unpublished data; ® Milani and Grapentine (2009); ¢ Reynoldson (1998); “ The upper limit for non-toxic category is set
using 2 x standard deviation of the mean and indicates excessive growth or reproduction
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Table 12. Summary of status and trends for mercury and benthic community and toxicity indicators of

conditions at Cornwall AOC sites.

Indicator

Status of Cornwall sites in 2012

Relative to local
reference sites

Trend from 1997/2001 to 2012

Sediment Mercury

Total Mercury higher lower (except zone 3)
Methylmercury higher variable
Benthic Community

reference sites show greater variability than exposed
Community composition sites; test site variability within that observed for
(NMDS axes) similar reference sites except one site
Total benthos similar stable or mostly slight increase after 2007

stable since 1997; variable — both increases or
Taxon richness similar decreases

Chironomidae
Tubificidae
Naididae
Trichopteran
Amphipoda

Gastropoda

Mites
Pisidiidae
Dreissenidae
Other taxa

similar or higher
similar or higher
similar

similar or higher

similar or higher
similar or lower
similar or higher
similar or higher

lower
similar or lower

mostly stable to 2007; mostly increases after
stable to 2007; mostly increases after

stable or increases to 2007; mostly increases after
stable to 2007 with variable increase or decrease after
mostly decreases from 1997 to 2007 with some
increases after 2007

decreases from 1997; variable increase or decrease
after 2007

mostly decreases to 2007 with variable increase or
decrease after

mostly decreases or stable

stable

mostly stable to 2007 with some increases after

Tissue Mercury Residues

Total Mercury higher stable or lower
Methylmercury higher stable or lower
Toxicity

2/3 non-

Integrated response
(NMDS axes)

T. tubifex young production
H. azteca survival

C. riparius survival
Hexagenia spp. survival

toxic/potentially toxic;
1/3 toxic/severely toxic
lower

mostly similar

similar or lower
similar or lower

mostly stable
stable or increased
stable or decreased
variable

variable
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Appendix A - QA/QC results
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Table Al. Coefficients of variation for field-replicated samples (sites 184 and 31).

Parameter Units 184-1 | 184-2 | 184-3 CV 31-1 31-2 31-3 CV
Aluminum ug/g 15600 | 17200 | 13900 | 10.6 6570 5590 6600 9.2
Antimony pa/g 0.6 0.7 0.7 8.7 <0.5 <0.5 1.2 na
Arsenic Hg/g 3.6 4.4 3 19.2 2.2 1.8 2.2 11.2
Barium Hg/g 122 143 107 14.6 50 a7 52 5.1
Beryllium pg/g 0.5 0.6 0.5 10.8 0.3 0.2 0.2 24.7
Bismuth Hg/g <5 <5 <5 na <5 <5 <5 na
Cadmium pa/g 0.7 3.1 0.6 96.5 <0.5 <0.5 <0.5 na
Calcium pa/g 22200 | 21200 | 18600 9.0 31000 | 31700 | 32900 3.0
Chromium Hg/g 31 36 28 12.8 17 15 18 9.2
Cobalt pa/g 9 10 8 11.1 5 5 5 0.0
Copper pa/g 46 51 41 10.9 24 19 21 11.8
Iron Hg/g 25800 | 28300 | 23200 9.9 14900 | 13700 | 14500 4.3
Lead pa/g 25 28 21 14.2 16 16 23 22.0
Magnesium Hg/g 11200 | 11900 | 9580 10.9 12200 | 11600 | 12300 3.1
Manganese pa/g 226 267 194 16.0 207 187 206 5.6
Mercury Hg/g 0.733 | 0.779 | 0.764 3.1 2.36 2.87 3.47 19.2
Molybdenum pa/g 1 1 1 0.0 <1 <1 <1 na
Nickel ug/g 24 30 21 18.3 13 11 12 8.3
Phosphorus Hg/g 1030 1070 912 8.2 909 887 912 1.5
Potassium pa/g 2700 3140 2320 15.1 1160 980 1160 9.4
Silicon Hg/g 188 182 172 4.5 232 150 158 25.1
Silver Hg/g 0.2 0.5 <0.2 | 606 | <02 | <02 | <0.2 na
Sodium pa/g 340 390 280 16.4 190 180 200 5.3
Strontium Hg/g 45 49 38 12.7 38 36 39 4.1
Tin Hg/g <10 <10 <10 na <10 <10 <10 na
Titanium Hg/g 727 811 648 11.2 419 380 426 6.1
Vanadium Hg/g 26 30 23 13.3 18 18 18 0.0
Yttrium ug/g 14.4 16 12.5 12.3 10.2 9.7 10.4 3.6
Zinc Hg/g 119 137 105 13.3 101 98 116 9.2
Zirconium Hg/g 6.1 5.9 5.5 5.2 7.5 7.5 7.8 2.3
Aluminum (Al203) % 10.8 10.5 9.82 4.8 8.24 8.16 8.4 1.5
Barium (BaO) % 0.067 0.064 | 0.062 3.9 0.064 | 0.063 0.063 0.9
Calcium (CaO) % 3.67 3.37 3.07 8.9 5.25 5.32 5.8 5.5
Chromium (Cr203) % 0.012 | 0.011 | 0.012 49 |[<0.006| 0.008 |< 0.006 na
Iron (Fe203) % 4.44 4.57 3.97 7.3 3.69 3.68 3.88 3.0
Magnesium (MgO) % 2.47 2.45 2.18 6.8 2.56 25 2.79 5.9
Manganese (MnO) % 0.057 | 0.058 | 0.053 4.7 0.06 0.063 | 0.064 3.3
Phosphorus (P205) % <05 <05 <0.5 na <05 <05 <05 na
Potasium (K20) % 25 25 2.3 4.7 2.1 2.3 2.6 10.8
Silica (Si02) % 55.6 52.4 51 4.4 65.3 64 64.4 1.0
Sodium (Na20) % 2 1.9 1.9 3.0 2.7 0.6 1.1 74.8
Titanium (TiO2) % 0.65 0.64 0.6 4.2 0.65 0.68 0.73 5.9
TC (LOI@1000°C) % 20.2 17.4 27.6 24.2 8.37 8.73 8.98 3.5
Whole Rock Total % 98.8 94 103 4.6 94.5 91.2 94.4 2.0
Total Kjeldahl Nitrogen pa/g 7260 8400 6180 15.2 1950 1660 1730 8.5
Phosphorus-Total Hg/g 1280 1370 1160 8.3 985 922 1180 13.1
Total Organic Carbon % by wt | 7.47 7.02 10.4 22.1 1.79 1.74 2.05 8.9

mean 13.2 9.0

range 0-96.5 0-74.8
Parameter | Units | 184-1 | 184-2 | 1843 | cv | 311 | 312 | 313 cV
Total Hg ng/g 724 460 1080 41.2 3060 3110 4180 18.3
Methyl Hg ng/g 2.17 1.76 1.84 11.3 3.76  4.18 3.56 8.3
total PAHs mg/kg 7.32 7.62 3.25 40.3 2.28 3.19 4.39 32.2
total PHCs mg/kg 630 1100 670 32.6 493 454 463 4.3
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Table A2. Relative percent difference (RPD) for sample duplicates (Caduceon Environmental

Laboratories).

Parameter Units " 1320 1320-Dup  RPD EHB EHB-Dup RPD 101 101 -Dup RPD
Aluminum ug/g 35500 34000 4.3 2720 2640 3.0 3770 3800 0.8
Antimony pa/g <0.5 <0.5 na <0.5 <0.5 na <0.5 4.4 na
Arsenic po/g 4.4 4.5 2.2 0.6 <0.5 na 1.2 1.4 15.4
Barium pa/g 284 285 0.4 15 15 0.0 25 25 0.0
Beryllium Ho/g 1.1 1.1 0.0 <0.2 <0.2 na <0.2 <0.2 na
Bismuth pa/g <5 <5 na <5 <5 na <5 <5 na
Cadmium Ha/g <0.5 <05 na <0.5 <0.5 na <0.5 <0.5 na
Calcium ug/g 7910 7970 0.8 11100 10300 7.5 28500 29400 3.1
Chromium ug/g 49 49 0.0 8 6 28.6 11 10 9.5
Cobalt ug/g 18 18 0.0 2 2 0.0 3 3 0.0
Copper ug/g 29 29 0.0 13 21 47.1 14 18 25.0
Iron ug/g 50800 48700 4.2 6920 6100 12.6 10000 10200 2.0
Lead ua/g 18 18 0.0 7 8 13.3 12 21 54.5
Magnesium pa/g 10600 10700 0.9 6410 5890 8.5 8350 8530 2.1
Manganese Ha/g 987 996 0.9 84 73 14.0 122 126 3.2
Mercury ug/g 0.064 0.064 0.0 0.217 0.294 30.1 4.94 3.84 25.1
Molybdenum Ha/g <1 <1 na <1 <1 na <1 <1 na
Nickel pa/g 37 36 2.7 5 5 0.0 8 8 0.0
Phosphorus ug/g 1250 1250 0.0 607 542 11.3 699 710 1.6
Potassium pa/g 5190 5250 1.1 480 470 2.1 700 700 0.0
Silicon ug/g 209 186 11.6 243 240 1.2 161 196 19.6
Silver pa/g <0.2 <0.2 na <0.2 <0.2 na <0.2 <0.2 na
Sodium ua/g 330 330 0.0 90 90 0.0 180 180 0.0
Strontium pa/g 52 52 0.0 15 14 6.9 30 31 3.3
Tin Ha/g <10 <10 na <10 <10 na <10 <10 na
Titanium pa/g 1560 1540 1.3 194 183 5.8 276 284 2.9
Vanadium ug/g 54 54 0.0 9 8 11.8 13 14 7.4
Yttrium pa/g 21 21.1 0.5 5.8 4.7 21.0 6.6 6.4 3.1
Zinc ug/g 116 117 0.9 45 17 90.3 55 48 13.6
Zirconium pa/g 6.3 6.7 6.2 3.9 3.6 8.0 7.1 7 1.4
Aluminum (AI203) % 14.7 15 2.0 9.39 13 32.2 8.28 8.27 0.1
Barium (BaO) % 0.095 0.097 2.1 0.072 0.071 1.4 0.061 0.059 3.3
Calcium (CaO) % 1.86 1.84 1.1 3.33 2.13 44.0 4.96 5.02 1.2
Chromium (Cr203) % 0.016 0.016 0.0 0.006 0.011 58.8 0.01 0.01 0.0
Iron (Fe203) % 7.63 7.8 2.2 2.4 5.02 70.6 3.49 3.36 3.8
Magnesium (MgO) % 2.38 2.49 4.5 1.67 2.04 19.9 1.91 2.03 6.1
Manganese (MnO) % 0.174 0.177 1.7 0.05 0.151 100.5 0.054 0.05 7.7
Phosphorus (P205) % <0.5 <0.5 na <0.5 <0.5 na <0.5 <0.5 na
Potasium (K20) % 3.3 34 3.0 2.3 3.1 29.6 2.1 2.4 13.3
Silica (SiO2) % 57.3 57.5 0.3 57.3 65.1 12.7 59.5 63 5.7
Sodium (Na20) % 1.6 1.6 0.0 2.5 2.7 7.7 2.9 4.3 38.9
Titanium (TiO2) % 0.95 0.96 1.0 0.47 0.57 19.2 0.65 0.62 4.7
TC (LOI@1000°C) % 11.3 11.3 0.0 3.11 2.87 8.0 7.23 6.98 3.5
Whole Rock Total % 99.9 101 11 81.1 95.7 16.5 87.5 92.8 5.9
Total Kjeldahl Nitrogen pg/g 4340 3710 15.7 578 560 3.2 1200 1300 8.0
Phosphorus-Total pa/g 1520 1360 11.1 640 712 10.7 858 1040 19.2
Total Organic Carbon % by wt 4.47 4.68 4.6 0.71 0.84 16.8 1.61 1.64 1.8
mean 2.2 20.4 8.1
range 0-15.7 0-101 0-54.5

89



Table A3. QA/QC results for sediment total mercury samples (Flett Research Laboratory).

Duplicates
Sample No. Hg Sample No. Hg Sample No. Hg
1321* 25.1 18400 127.4 3S 1349.8
1321* 16.6 18400 112.1 3S 1502.8
RPD 40.9 RSD>20% RPD 12.8 RPD 10.7
101 1432.3 27T 4937.3
101 1652.1 27T 4468.1
RPD 14.3 RPD 10.0
Blanks
1st Method Blank (ng) 0.064
2nd Method Blank (ng) 0.066
1st Method Blank (ng) 0.067
2nd Method Blank (ng) 0.067
Hg Standards
First 15 ng STD 15.2 15.0
2nd 15 ng STD 15.2 15.2
3rd 15 ng STD 15.6 14.8
4th 15 ng STD 0.0 Std out of range, >10% 0.0 Std out of range, >10%
5th 15 ng STD 0.0 Std out of range, >10% 0.0 Std out of range, >10%
6th 15 ng STD 0.0 Std out of range, >10% 0.0 Std out of range, >10%
50 ng STD 1st 48.5 48.5
50 ng STD 2nd 0.0 Std out of range, >10% 0.0 Std out of range, >10%
Sample Spike Recovery
Sample No. % Recowery RPD Sample No. % Recowery RPD
18400 EHB T
18400 90.0 EHB T 89.1
18400 98.0 EHB T 84.9
Mean of spiked
Mean of spiked duplicates for
duplicates for 18400 94.0 8.5 EHB T 87.0 4.8
17 64T
17 106.5 64T 101.3
17 108.9 64T 100.2
Mean of spiked
Mean of spiked duplicates for
duplicates for 17 107.7 2.3 64 T 100.7 1.1
17 T (0)
17 T (0) 103.7
17 T (0) 99.2
Mean of spiked
duplicates for
17T (0) 101.5 4.5
Mean of Spike Mean of Spike
Recoveries 100.8 Recoveries 96.4
Reference Samples
Material % Recowery RPD
MESS- 3 (91 ng/g) 102.9
MESS- 3 (91 ng/g) 107.4
MESS- 3 (91 ng/g) Mean 105.1 4.3
MESS- 3 (91 ng/g) 107.1
MESS- 3 (91 ng/g) 103.7
MESS- 3 (91 ng/g) Mean 105.4 3.2
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Table A4. QA/QC results for biota total mercury biota samples (Flett Research Laboratory).

Hg Standards

Hg Standard

Recowvery (%)

Duplicates
Net Total Hg conc.
(ng/g dry wt.)
[recovery corrected]
Sample No.
0037 617
(0037 686
RPD 10.6%
(0014 57.4
(0014 57.3
RPD 0.17%

Sample spike recovery

Sample No. Hg Recovery (%)
(0028)
(0028) 101.1
(0028) 103.1
Mean of spiked
duplicates for (0028) 102.1
(0045)
(0045) 105.8
(0045) 107.3
Mean of spiked
duplicates for (0045) 106.6
Mean of Spike
Recoveries 104.3

Hg STD 1 (0.02 ng) 105.9
Hg STD 2 (0.1 ng) 95.8
Hg STD 3 (0.25 ng) 102.5
Hg STD 4 (0.5 ng) 96.7
Hg STD 5 (1.0 ng) 99.1
Hg STD Mean 100.0
Hg STD 1 (0.02 ng) 103.6
Hg STD 2 (0.1 ng) 97.8
Hg STD 3 (0.25 ng) 101.8
Hg STD 4 (0.5 ng) 99.0
Hg STD 5 (1.0 ng) 97.8
Hg STD Mean 100.0
Sample No. Hg Recowery (%)

(0003)

(0003) 105.2

(0003) 105.1
Mean of spiked duplicates for
(0003) 105.1

(0021)

(0021) 106.7

(0021) 105.1
Mean of spiked duplicates for
(0021) 105.9
Mean of Spike Recoveries 105.5

Reference Samples

Material

Hg Recowery (%)

Material

Hg Recowery (%)

DORM- 3 (382 ng/g)
DORM- 3 (382 ng/g)
DORM- 3 (382 ng/g) Mean
OPR (solids) (1 ng/mL)
OPR (solids) (1 ng/mL)
OPR (solids) (1 ng/mL)
Mean

93.7
98.8
96.3
98.9
98.3

98.6

DORM- 3 (382 ng/g)
DORM- 3 (382 ng/g)
DORM- 3 (382 ng/g) Mean
OPR (solids) (1 ng/mL)
OPR (solids) (1 ng/mL)

OPR (solids) (1 ng/mL) Mean

102.3
104.7
103.5
100.6
93.0

96.8

91



Table A5. QA/QC results for sediment methylmercury samples (Flett Research Laboratory).

Duplicates Blanks

Net CH3Hg as Equiv.

Hg (ng/g dw) CH3Hg
Sample No. [recovery RPD (%) Conc. ng/g
17T 0.92 21.4 Method Blank 1 0.004
17T 1.14 Method Blank 2 -0.015
101 T 5.21 6.1 Method Blank 3 -0.011
101 T 5.54 Mean -0.007
168 1.58 4.3 Method Blank 1 -0.006
168 1.65 Method Blank 2 0.010
3101 3.76 10.6 Method Blank 3 0.015
3101 4.18 Mean 0.006
Repeats
1332 ~0.97 2.0
1332 ~0.99
3ST 3.05 0.98
3ST 3.08
Standards

Net Corrected Net Corrected

MeHg Std MeHg Std
Calibration Calibration
Factor (units / RSD of MeHg Factor (units / RSD of MeHg
pg) Standard pg) Standard
Standard 1 4027.8
Standard 2 4261.5
Standard 3 3980.7
Standard 4 3910.2 4773.1
Standard 5 4503.7 4726.9
Standard 6 4109.5 4742.1
Standard 7 4489.7 4614.7
Standard 8 3967.7 4392.6
Standard 9 4190.3 4425.2
Standard 10 4284.0 4860.0
Standard 11 4454.8 4439.2
Mean Value 4198.2 5.2 4621.7 3.9
Sample Spike Recovery
CH3Hg CH3Hg
Sample No. Recovery (%) Sample No.  Recowery (%)
(3102) 96.8 (1320) 99.5
(3102) 101.0 (1320) 103.0
(3102) (1320)
(277T) 95.2 (EHB) 87.5
(277T) 93.2 (EHB) 95.0
(27T) (EHB)
Mean of Recoveries 96.6
Reference Samples
CH3Hg CH3Hg

Material Recovery (%) Recovery (%)
IAEA 405 ID0501 (5.49+ 0.53 ng/g) 82.6 97.1
IAEA 405 ID0501 (5.49+ 0.53 ng/g) 88.9 88.0
FRESO02 ID1201 (27.4+ 3.6 ng/g) 91.1 97.4
FRES02 ID1201 (27.4+ 3.6 ng/g) 94.2 88.5
A.S.S. - Alfa ID0702 (1000 ng/L) 101.2 91.9
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Table A6. QA/QC results for biota methylmercury samples (Flett Research Laboratory).

Duplicates Blanks
Net CHzHg as Equivalent
Sample No. Hg (ng/g dw) [MeHg] ng/g
0028 ~5.38 Method Blank 1 0.152
(0028 ~5.68 Method Blank 2 0.279
RPD 5.4% Method Blank 3 0.804
[0048 ~6.73 Mean Method Blank 0.412
0048 ~6.24 Method Blank 1 0.588
RPD 7.6% Method Blank 2 1.011
(0042 ~4.56 Method Blank 3 1.200
(0042 ~4.10 Mean Method Blank 0.933
RPD 10.3%
f0016 ~4.06
0016 ~4.04
RPD 0.49%
Standards Reference Samples
RSD of CHsHg
net corrected MeHg Recowery
Standard [MeHg] Standard Material (%)
Standard 1 4792.8 Dorm-2 1D0601 (4470 + 320 ng/g) 89.8
Standard 2 4671.8 Dorm-2 1D0601 (4470 + 320 ng/g) 88.5
Standard 3 4587.1 Dorm-2 1D0601 (4470 + 320 ng/g) 85.1
Standard 4 4372.7 Mean of Dorm-2 87.8
Standard 5 4662.3 A.S.S. - Alfa ID0702 (1000 ng/L) 100.4
Standard 6 4436.4 Dorm-2 1D0601 (4470 + 320 ng/qg) 95.6
Standard 7 4430.4 Dorm-2 1D0601 (4470 + 320 ng/g) 97.8
Standard 8 4400.9 Mean of Dorm-2 96.7
Standard 9 4566.1 A.S.S. - Alfa ID0702 (1000 ng/L) 89.7
Standard 10 4442.0
Standard 11 4485.3
Standard 12 4740.2
Mean Value 4549.0 3.1
Sample Spike Recovery
CH3Hg
Sample No. Recovery (%)
(0017 ) 101.1
(0017 ) 102.2
(0017 )
(0029 ) 99.1
(0029 ) 93.8
(0029)
(0044 ) 98.4
(0044 ) 98.9
(0044 )
Mean of Recoveries 98.9
(0001 ) 94.4
(0001 ) 91.6
(0001)
Mean of Recoveries 93.0
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Table A7. Relative percent difference (RPD) of PAH replicate samples (ALS Environmental

Group).
RPD Diff
Analyte Rep 1 Rep 2 Units RPD Limit Diff Limit Qualifier
Acenaphthene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Acenaphthene 95.2 95.4 % 0.3 50 - - -
Acenaphthene <0.075 <0.075 mg/kg NA 40 - - RPD-NA
Acenaphthylene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Acenaphthylene 96.3 96.5 % 0.2 50 - - -
Acenaphthylene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Anthracene <0.075 <0.075 ma/kg NA 40 - - RPD-NA
Anthracene 91.7 94.7 % 33 50 - - -
Anthracene 0.231 0.140 mg/kg - - 0.091 0.15 J
Benzo(a)anthracene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Benzo(a)anthracene 90.7 89.9 % 0.9 50 - - -
Benzo(a)anthracene 0.477 0.271 mg/kg - - 0.206 0.15 J,G
Benzo(a)pyrene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Benzo(a)pyrene 88.0 87.9 % 0.1 50 - - -
Benzo(a)pyrene 0.439 0.250 mg/kg - - 0.190 0.15 J,G
Benzo(b)fluoranthene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Benzo(b)fluoranthene 83.9 85.4 % 1.7 50 - - -
Benzo(b)fluoranthene 0.428 0.244 mg/kg - - 0.184 0.15 J,G
Benzo(g,h,i)perylene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Benzo(g,h,i)perylene 89.1 89.4 % 0.3 50 - - -
Benzo(g,h,i)perylene 0.252 0.178 mg/kg 35 40 - - -
Benzo(K)fluoranthene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Benzo(K)fluoranthene 92.4 86.8 % 6.3 50 - - -
Benzo(Kk)fluoranthene 0.261 0.126 mg/kg - - 0.135 0.15 J
Chrysene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Chrysene 94.4 96.2 % 1.9 50 - - -
Chrysene 0.589 0.390 mg/kg 41 40 - - G
Dibenzo(ah)anthracene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Dibenzo(ah)anthracene 92.6 93.1 % 0.5 50 - - -
Dibenzo(ah)anthracene <0.075 <0.075 mg/kg NA 40 - - RPD-NA
Fluoranthene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Fluoranthene 93.2 94.4 % 12 50 - - -
Fluoranthene 0.895 0.592 mg/kg 41 40 - - G
Fluorene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Fluorene 95.2 95.6 % 0.4 50 - - -
Fluorene 0.095 0.099 mg/kg 3.6 40 - - -
Indeno(1,2,3-cd)pyrene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Indeno(1,2,3-cd)pyrene 84.2 83.5 % 0.8 50 - - -
Indeno(1,2,3-cd)pyrene 0.223 0.156 mg/kg 36 40 - - -
1-Methylnaphthalene <0.045 <0.045 mg/kg N/A 40 - - RPD-NA
1-Methylnaphthalene 91.2 91.9 % 0.8 50 - - -
1-Methylnaphthalene <0.045 <0.045 mg/kg N/A 40 - - RPD-NA
2-Methylnaphthalene <0.045 <0.045 mg/kg N/A 40 - - RPD-NA
2-Methylnaphthalene 88.4 90.0 % 1.8 50 - - -
2-Methylnaphthalene 0.062 0.050 mg/kg 23 40 - - -
Naphthalene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Naphthalene 89.3 89.7 % 0.5 50 - - -
Naphthalene <0.075 <0.075 mg/kg NA 40 - - RPD-NA
Phenanthrene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Phenanthrene 91.8 93.2 % 1.6 50 - - -
Phenanthrene 0.816 0.560 mg/kg 37 40 - - -
Pyrene <0.075 <0.075 mg/kg N/A 40 - - RPD-NA
Pyrene 91.5 93.4 % 2 50 - - -
Pyrene 0.783 0.532 mg/kg 38 40 - - -
Mean 10.7
Range 0.1-41
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Table A8. Quality control results for sulphide and sulphate analyses (Maxxam Analytics).

QA/QC Date
Batch Analyzed
Num Init QC Type Parameter yyyy/mm/dd Value Recowery UNITS [QC Limits
6442029 CG5 Method Blank Moisture 21/12/2012 <0.30 %
RPD Moisture 21/12/2012 13.1 % 20
6445819 TM8 Matrix Spike Sulphide 21/12/2012 35(1) % 75 - 125
Spiked Blank Sulphide 21/12/2012 90 % 75 - 125
Method Blank Sulphide 21/12/2012 0.24 RDL=0.20 ug/g
RPD Sulphide 21/12/2012 18.1 % 30
6447654 CG5 Method Blank Moisture 22/12/2012 <0.30 %
RPD Moisture 22/12/2012 0.9 % 20

Duplicate: Paired analysis of a separate portion of the same sample. Used to
evaluate the variance in the measurement.

Matrix Spike: A sample to which a known amount of the analyte of interest has
been added. Used to evaluate sample matrix interference.

Spiked Blank: A blank matrix sample to which a known amount of the analyte,
usually from a second source, has been added. Used to evaluate method
accuracy.

Method Blank: A blank matrix containing all reagents used in the analytical
procedure. Used to identify laboratory contamination.

(1) Recowery or RPD for this parameter is outside control limits. The owerall
quality control for this analysis meets acceptability criteria.

RPD Soluble (20:1) Sulphate (SO4) 27/12/2012 10.8 %

QA/IQC Date

Batch Analyzed

Num Init  QC Type Parameter yyyy/mm/dd Value Recowery Units

3078467 DRM Matrix Spike Soluble (20:1) Sulphate (SO4)  27/12/2012 116 %
Spiked Blank Soluble (20:1) Sulphate (SO4)  27/12/2012 98 %
Method Blank Soluble (20:1) Sulphate (SO4) 27/12/2012 ND  RDL=20 ug/g

RPD Soluble (20:1) Sulphate (SO4) 27/12/2012 1.8 %

3078469 DRM Matrix Spike Soluble (20:1) Sulphate (SO4) 27/12/2012 100 %

Spiked Blank Soluble (20:1) Sulphate (SO4)  27/12/2012 103 %

Method Blank Soluble (20:1) Sulphate (SO4) 27/12/2012 ND  RDL=20 ug/g

Duplicate: Paired analysis of a separate portion of the same sample. Used to
evaluate the variance in the measurement.

Matrix Spike: A sample to which a known amount of the analyte of interest has
been added. Used to evaluate sample matrix interference.

Spiked Blank: A blank matrix sample to which a known amount of the analyte,
usually from a second source, has been added. Used to evaluate method
accuracy.

Method Blank: A blank matrix containing all reagents used in the analytical
procedure. Used to identify laboratory contamination.

QC Limits
75 - 125
75- 125

35
75 - 125
75 - 125

35
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Table A9. Matrix spike (MS) recoveries for PAHs (ALS Laboratory Group).

Range 74.2-113.9

QC Type Analyte QC Spl. No. Reference Result Target Units % Limits
MS Acenaphthene WG1585888-5 L1235230-1 1.85 1.80 ug/g 102.3 50-140
MS Acenaphthylene WG1585888-5 L1235230-1 1.75 1.80 ug/g 96.9 50-140
MS Anthracene WG1585888-5 L1235230-1 1.71 1.80 ug/g 94.5 50-140
MS Benzo(a)anthracene WG1585888-5 L1235230-1 1.74 1.80 ug/g 96.2 50-140
MS Benzo(a)pyrene WG1585888-5 L1235230-1 1.54 1.80 ug/g 85.1 50-140
MS Benzo(b)fluoranthene WG1585888-5 L1235230-1 1.62 1.80 ug/g 89.9 50-140
MS Benzo(g,h,i)perylene WG1585888-5 L1235230-1 1.56 1.80 ug/g 86.4 50-140
MS Benzo(k)fluoranthene WG1585888-5 L1235230-1 1.34 1.80 ug/g 74.2 50-140
MS Chrysene WG1585888-5 L1235230-1 1.74 1.80 ug/g 96.2 50-140
MS Dibenzo(ah)anthracene WG1585888-5 L1235230-1 1.68 1.80 ug/g 93.1 50-140
MS Fluoranthene WG1585888-5 L1235230-1 1.82 1.80 ug/g 100.8 50-140
MS Fluorene WG1585888-5 L1235230-1 1.88 1.80 ug/g 104.3 50-140
MS Indeno(1,2,3-cd)pyrene  WG1585888-5 L1235230-1 1.60 1.80 ug/g 88.6 50-140
MS 1-Methylnaphthalene WG1585888-5 L1235230-1 1.77 1.80 ug/g 98.3 50-140
MS 2-Methylnaphthalene WG1585888-5 L1235230-1 1.78 1.80 ug/g 98.4 50-140
MS Naphthalene WG1585888-5 L1235230-1 1.73 1.80 ug/g 95.7 50-140
MS Phenanthrene WG1585888-5 L1235230-1 1.79 1.80 ug/g 99.1 50-140
MS Pyrene WG1585888-5 L1235230-1 1.78 1.80 ug/g 98.9 50-140
MS Acenaphthene WG1589118-5 L1235230-21 1.84 1.69 ug/g 109.0 50-140
MS Acenaphthylene WG1589118-5 L1235230-21  1.37 1.69 ug/g 80.8 50-140
MS Anthracene WG1589118-5 L1235230-21  1.85 1.92 ug/g 95.8 50-140
MS Benzo(a)anthracene WG1589118-5 1L1235230-21  2.17 2.17 ug/g 100.3 50-140
MS Benzo(a)pyrene WG1589118-5 L1235230-21  1.90 2.13 ug/g 86.3 50-140
MS Benzo(b)fluoranthene WG1589118-5 L1235230-21  1.89 2.12 ug/g 86.3 50-140
MS Benzo(g,h,i)perylene WG1589118-5 L1235230-21  1.72 1.94 ug/g 86.6 50-140
MS Benzo(k)fluoranthene WG1589118-5 L1235230-21  1.70 1.95 ug/g 84.9 50-140
MS Chrysene WG1589118-5 L1235230-21  2.38 2.28 ug/g 106.0 50-140
MS Dibenzo(ah)anthracene WG1589118-5 L1235230-21  1.64 1.69 ug/g 96.8 50-140
MS Fluoranthene WG1589118-5 L1235230-21  2.58 2.59 ug/g 99.9 50-140
MS Fluorene WG1589118-5 L1235230-21  1.86 1.79 ug/g 104.2 50-140
MS Indeno(1,2,3-cd)pyrene  WG1589118-5 L1235230-21  1.67 1.91 ug/g 85.6 50-140
MS 1-Methylnaphthalene WG1589118-5 L1235230-21  1.85 1.69 ug/g 109.6 50-140
MS 2-Methylnaphthalene WG1589118-5 L1235230-21  1.99 1.75 ug/g 113.9 50-140
MS Naphthalene WG1589118-5 L1235230-21  1.68 1.69 ug/g 99.3 50-140
MS Phenanthrene WG1589118-5 L1235230-21  2.48 2.51 ug/g 98.6 50-140
MS Pyrene WG1589118-5 L1235230-21  2.48 2.47 ug/g 100.3 50-140
Mean 95.6
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Table A10. Surrogate sample % recoveries for PAH analysis (ALS Environmental Group).

Surrogate: 2- Surrogate: p-
Sample Fluorobiphenyl Terphenyl d14
183 104.7 994
18400 104.7 98.4
18401 104.1 90.2
18402 108.1 101.3
168 103.7 107
EHB 102.7 106.1
3S 103.2 102.6
7S 102.7 102.2
5 105.7 95.6
64 101.9 88.6
17 101.6 104.8
27 100.1 102.4
3100 99.1 101.6
3101 90.1 104.3
3102 105.6 111.2
101 102.7 115.9
1320 107.3 106.3
1321 117.5 118.6
1322 113.3 104.8
1331 105.5 105.4
1332 103.1 101.4
Mean 104.6 103.2
Range 99.1-117.5 88.6-118.6




Table All. Metal, metal oxide and nutrient recoveries in laboratory reference material

(Caduceon Environmental Laboratories).

PARAMETERS QC Sample Recovery Calculation
Raw Data (ug/g) QC Sample Recovery
LKSD-3 (19-Dec-12) QC Result Reference Value Lab Mean % Recovery | Control Limits
Antimony 1.1 1.0 0.9 122 70-130
Arsenic 22.8 23 23.0 99 70-130
Barium 167 N/A 160 104 70-130
Beryllium 0.6 N/A 0.6 109 70-130
Cadmium (SC0063618) 2.6 3.2 3.2 81 70 - 130
Cobalt 29 30 28 101 70-130
Chromium 48 51 47 Y 70-130
Copper 32 34 32 100 70-130
Iron 36800 35000 29937 105 70-130
Manganese 1140 1220 1169 93 70-130
Molybdenum (SC0063618) 6 6.8 5.7 " 107 70- 130
Nickel 42 44.0 41.7 95 70 - 130
Lead 25 26 24.2 102 70-130
Silver 25 2.4 2.5 104 70 -130
Strontium 26 N/A 23.5 113 70-130
Titanium 1130 N/A 963 117 70-130
Vanadium 47 55 46.3 101 70-130
Zinc 119 139 127 94 70 -130
Mean 102
Range 81-122

LKSD-2 (21-Dec-12)
Mercury | 0.125 0.160 0.144 78 70-130

WRQC (25-Jan-13)

Aluminum (Al203) 2.55 2.57 99 75-125
Calcium (CaO) 44.55 43.08 103 75-125
Iron (Fe203) 1.02 1.09 94 75 -125
Magnesium (MgO) 3.31 3.28 101 75-125
Manganese (MnO) 0.037 0.037 100 60 - 140
Potasium (K20) 0.9 1.05 87 70-130
Silica (SiO2) 12.5 11.91 105 75 -125
Titanium (TiO2) 0.13 0.13 102 75-125
Mean 99
Range 87-105

D053-542 (18-Dec-12)

Total Kjeldahl Nitrogen 2133 1300 1493 143 50 - 150
Phosphorus-Total 1361 811 1012 134 44 - 156
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Table A12. PAH recoveries in laboratory control samples (ALS Laboratory Group).

QC Type Analyte QC Spl. No. Reference Result Target Units % Limits
LCS Acenaphthene WG1585888-2 0.761  0.800 ug/g 95.2 50-140
LCS Acenaphthylene WG1585888-2 0.770  0.800 ug/g 96.3 50-140
LCS Anthracene WG1585888-2 0.733  0.800 ug/g 91.7 50-140
LCS Benzo(a)anthracene WG1585888-2 0.725 0.800 ug/g 90.7 50-140
LCS Benzo(a)pyrene WG1585888-2 0.704  0.800 ug/g 88 50-140
LCS Benzo(b)fluoranthene WG1585888-2 0.671  0.800 ug/g 83.9 50-140
LCS Benzo(g,h,i)perylene WG1585888-2 0.713  0.800 ug/g 89.1 50-140
LCS Benzo(k)fluoranthene WG1585888-2 0.739  0.800 ug/g 92.4 50-140
LCS Chrysene WG1585888-2 0.755  0.800 ug/g 94.4 50-140
LCS Dibenzo(ah)anthracene WG1585888-2 0.740  0.800 ug/g 92.6 50-140
LCS Fluoranthene WG1585888-2 0.746  0.800 ug/g 93.2 50-140
LCS Fluorene WG1585888-2 0.761  0.800 ug/g 95.2 50-140
LCS Indeno(1,2,3-cd)pyrene  WG1585888-2 0.674  0.800 ug/g 84.2 50-140
LCS 1-Methylnaphthalene WG1585888-2 0.730  0.800 ug/g 91.2 50-140
LCS 2-Methylnaphthalene WG1585888-2 0.707  0.800 ug/g 88.4 50-140
LCS Naphthalene WG1585888-2 0.714  0.800 ug/g 89.3 50-140
LCS Phenanthrene WG1585888-2 0.734  0.800 ug/g 91.8 50-140
LCS Pyrene WG1585888-2 0.732  0.800 ug/g 91.5 50-140
LCS Acenaphthene WG1589118-2 0.837 0.800 ug/g 104.6 50-140
LCS Acenaphthylene WG1589118-2 0.850 0.800 ug/g 106.2 50-140
LCS Anthracene WG1589118-2 0.816  0.800 ug/g 102 50-140
LCS Benzo(a)anthracene WG1589118-2 0.806  0.800 ug/g 100.8 50-140
LCS Benzo(a)pyrene WG1589118-2 0.740  0.800 ug/g 92.5 50-140
LCS Benzo(b)fluoranthene WG1589118-2 0.729  0.800 ug/g 91.2 50-140
LCS Benzo(g,h,i)perylene WG1589118-2 0.769  0.800 ug/g 96.2 50-140
LCS Benzo(k)fluoranthene WG1589118-2 0.785  0.800 ug/g 98.2 50-140
LCS Chrysene WG1589118-2 0.809  0.800 ug/g 101.2 50-140
LCS Dibenzo(ah)anthracene WG1589118-2 0.786  0.800 ug/g 98.3 50-140
LCS Fluoranthene WG1589118-2 0.811  0.800 ug/g 101.4 50-140
LCS Fluorene WG1589118-2 0.833  0.800 ug/g 104.2 50-140
LCS Indeno(1,2,3-cd)pyrene  WG1589118-2 0.753  0.800 ug/g 94.1 50-140
LCS 1-Methylnaphthalene WG1589118-2 0.822  0.800 ug/g 102.7 50-140
LCS 2-Methylnaphthalene WG1589118-2 0.803  0.800 ug/g 100.3 50-140
LCS Naphthalene WG1589118-2 0.787  0.800 ug/g 98.4 50-140
LCS Phenanthrene WG1589118-2 0.806  0.800 ug/g 100.7 50-140
LCS Pyrene WG1589118-2 0.802  0.800 ug/g 100.3 50-140
Mean 95.3
Range 83.9-106.2
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Table A13.

Environmental Group).

Method blank (MB) results for PAHs analysis in sediment samples (ALS

QC Type Analyte QC Spl. No. Reference Result Target Units % Limits
MB Acenaphthene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Acenaphthylene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Anthracene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Benzo(a)anthracene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Benzo(a)pyrene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Benzo(b)fluoranthene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Benzo(g,h,i)perylene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Benzo(k)fluoranthene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Chrysene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Dibenzo(ah)anthracene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Fluoranthene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Fluorene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Indeno(1,2,3-cd)pyrene  WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB 1-Methylnaphthalene WG1585888-1 <0.030 <0.03 ug/g - 0.03
MB 2-Methylnaphthalene WG1585888-1 <0.030 <0.03 ug/g - 0.03
MB Naphthalene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Phenanthrene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Pyrene WG1585888-1 <0.050 <0.05 ug/g - 0.05
MB Acenaphthene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Acenaphthylene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Anthracene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Benzo(a)anthracene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Benzo(a)pyrene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Benzo(b)fluoranthene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Benzo(g,h,i)perylene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Benzo(k)fluoranthene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Chrysene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Dibenzo(ah)anthracene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Fluoranthene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Fluorene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Indeno(1,2,3-cd)pyrene ' WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB 1-Methylnaphthalene WG1589118-1 <0.030 <0.03 ug/g - 0.03
MB 2-Methylnaphthalene WG1589118-1 <0.030 <0.03 ug/g - 0.03
MB Naphthalene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Phenanthrene WG1589118-1 <0.050 <0.05 ug/g - 0.05
MB Pyrene WG1589118-1 <0.050 <0.05 ug/g - 0.05
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Table Al4. Sorting efficiencies (SE) (%) for 2012 Cornwall benthic invertebrate samples.

Sample # # organisms missed % SE error
5ii 0 0.00%
17v 0 0.00%
64iv 4 1.72%
1321v 0 0.00%
1331iv 0 0.00%
3102v 3 1.29%
18401iii 0 0.00%
27ii 0 0.00%
7Sii 1 1.17%
3Sv 4 3.60%

The project had a total sorting error rate of 0.78%

Corrective Action: none required.

Table A15. Taxonomy identification errors (IE) (%) and corrective action for 2012 Cornwall

benthic invertebrate samples.

Sample # misidentifications % IE error
5ii 0 0.00%
17v 1 2.78%
64iv 0 0.00%
1321v 0 0.00%
1331iv 0 0.00%
3102v 0 0.00%
18401iii 0 0.00%
27ii 0 0.00%
7Sii 0 0.00%
3Sv 0 0.00%

The project had a total misidentification rate of 0.88%

Corrective Action: 17v — Original taxonomist identified 1 Aulodrilus limnobius, and QC
taxonomist identified it as Aulodrilus pluriseta. After consultation, the QC taxonomist
identification held. Original taxonomist felt that this was an isolated case of thinking one thing
and writing down another; however, to be on the safe side all Aulodrilus specimens were
rechecked to make sure no other errors of this kind had occurred.
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Table A16. Toxicological response in laboratory control sediment (Long Point, Lake Erie) run concurrently with 2012 Cornwall test

sites.
Test
set No. Sites H. azteca C. riparius Hexagenia spp. T. tubifex Meets
No. % No. Data Quality
% % % % €OCoONs | hatched | Young/ | Objectives (y/n)
survival growth survival growth survival growth | survival | /adult | cocoons | adult
1320, 1321, yes
1 1332 90.6 0.44 89.3 0.48 100 7.19 100 12.4 56.9 38.2
168, 184, 1322, Fail C. riparius:
2 1331 94.6 0.45 48.0 0.28 100 6.29 100 12.4 60.7 39.6 test rerun
2 yes
rerun - - 80.0 0.39 - - - - - -
3 183, EHB 80.0 0.37 80.0 0.39 100 5.69 100 11.6 62.1 405 | Yes
12.5 yes — low H. azteca
survival but no
toxicity in exposed
3S,7S,5, 64 73.3 0.26 83.0 0.36 92 2.78 100 62.2 36.9 sites
5 101, 17, 27, 31 90.7 0.49 81.3 0.39 96 6.38 100 12.9 61.9 415 | Yes
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Appendix B - Supplementary physicochemical data
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Table B1.

Sediment trace metal and nutrient concentrations at upstream reference sites

(Caduceon Laboratory analysis). Values exceeding the Severe Effect Level (SEL) and Lowest
Effect Level (LEL) are in red and blue, respectively.

Upstream Reference

Parameter| Units M.D.L. 5
1320 1321 1322 1331 1332
Aluminum| ug/g 10 34750 2390 | 11300 | 11400 | 18300
Antimony| ug/g 0.5 <05 <05 <05 <05 0.6
Arsenic| Hg/g 0.5 45 0.7 3.2 2.7 4
Barium| no/g 1 285 15 90 79 137
Beryllium| ug/g 0.2 1.1 <0.2 04 0.4 0.7
Bismuth| poa/g 5 <5 <5 <5 <5 <5
Cadmium| pg/g 0.5 <05 <0.5 <05 0.8 1.0
Calcium| ug/g 10 7940 5410 | 60100 | 21600 | 22000
Chromium| pg/g 1 49 5 23 25 39
Cobalt| pg/g 18 2 7 7 11
Copper| ug/g 29 3 25 29 46
Iron| ug/g 10 | 49750 | 6150 | 22100 | 20100 | 31900
Lead| ug/g 5 18 <5 16 19 32
Magnesium| ug/g 10 10650 | 2870 | 14000 | 11700 | 13300
Manganese| ua/g 1 992 73 296 210 359
Molybdenum| pg/g 1 <1 <1 <1 <1 <1
Nickel| pg/g 1 37 3 19 18 29
Phosphorus| ug/g 5 1250 473 951 914 1140
Potassium| ug/g 30 5220 310 2330 1720 3000
Silicon| po/g 1 197.5 216 176 180 190
Silver| ug/g 0.2 <0.2 <0.2 <0.2 0.2 0.4
Sodium| pg/g 20 330 60 300 210 320
Strontium| /g 1 52 9 90 32 43
Tin| no/g 10 <10 <10 <10 <10 <10
Titanium| po/g 1550 222 572 564 803
Vanadium| po/g 54 7 22 21 31
Yttrium| po/g 0.5 21.05 55 124 12.9 16.8
Zinc| uo/g 3 117 19 87 85 128
Zirconium| pg/g 0.1 6.5 1.9 104 5.8 5.8
Aluminum (AI203)[ % 0.04 | 14.85 8.82 9.83 10.8 12
Barium (BaO) % 0.002 | 0.096 | 0.063 [ 0.062 | 0.069 [ 0.072
Calcium (CaO)| % 006 | 185 | 235 | 824 | 391 | 374
Chromium (Cr203) % 0.006 | 0.016 |<0.006 | 0.011 0.01 0.014
Iron (Fe203)| % 001 | 7715 | 253 | 414 | 397 | 547
Magnesium (MgO)| % 003 | 2435 | 109 | 297 | 257 | 293
Manganese (MnO)[ % 0.003 | 0.1755 | 0.055 | 0.072 | 0.061 | 0.081
Phosphorus (P205)| % 0.5 <05 | <05 | <05 | <05 | <05
Potasium (K20)] % 0.2 3.35 2.3 24 2.6 2.9
Silica (SiO2) % 0.1 57.4 70.5 53.3 58.2 57.9
Sodium (Na20)[ % 0.5 1.6 24 19 2.2 19
Titanium (TiO2) % 0.02 0.955 0.69 0.61 0.67 0.76
TC (LOI@1000°C) % 0.05 11.3 261 155 17.3 15.3
Whole Rock Total % 100.45 92 99.2 96.5 99.5
Total Kjeldahl Nitrogen| pg/g 0.05 4025 661 6200 | 3230 | 5670
Phosphorus-Total| pg/g 0.01 1440 627 1120 947 1300
Total Organic Carbon|% by wt| 0.05 [ 4.575 0.55 3.7 5.18 5.27
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Table B2. Physical characteristics of sediment at exposed and reference sites, 2012.

Area/Zone Site % Sand % Silt % Clay % Gravel 0/(02382;1
SLR 2001/07 reference site  0.24-94.2 5.8-74.9 0-51.7 0-6.5 -
range (mean)® (25.3) (48.5) (25.8) (0.4) -
SLR Reference 1320 1.52 86.89 11.59 0 0.4
(upstream) 1321 98.7 1.3 0 0 94.2

1322 21.08 75.46 3.46 0 8.6
1331 7.07 89.35 3.58 0 5.4
1332 5.5 90.7 3.8 0 1.8
Zone 1 183 30.85 66.39 2.76 0 18.8
184° 6.58 01.18 2.24 0 14.6
168 9.51 84.85 5.64 0 23.8
EHB 99.41 0.59 0 0 98.6
3S 18.74 79.74 1.52 0 -
7S 16.89 775 5.61 0 -
Zone 3 101 63.65 32.62 3.73 0 60.2
Zone 2 5 5.07 89.47 5.46 0 4.6
64 8.04 85.78 6.17 0 4.4
17 18.78 73.92 7.3 0 34.6
27 13.09 78.05 8.86 0 24.4
31P 32.89 65.73 1.37 0 27.7

& from Grapentine et al. (2005) and Milani and Grapentine (2009)

> QA/QC site; value represents mean of three field replicates
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Figure B1. Total organic carbon (% by weight) for reference sites (green) and exposed sites

from 2001-2012. The error bar represents the standard deviation for upstream reference sites.
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Table B3. Oil and grease, BTEX and F1-F4 petroleum hydrocarbon concentrations (mg/kg) in exposed and reference sediment, 2012.

Site 183 1842 168 EHB 3S 7S 101 5 64 17 27 317 1320 1321 1322 1331 1332
Oil and Grease, Total <1500 4550 860 970 1800 <1500 2860 <1000 <1500 <750 <750 1537 970 <500 1100 <1000 1500
Volatile Organic Compounds

Benzene <0.15 <0.25 <0.050 <0.050 <0.10 <0.15 <0.075 <0.10 <0.15 <0.075 <0.075 <0.075 <0.075 <0.050 <0.10 <0.10 <0.15
Ethyl Benzene <0.15 <0.25 <0.050 <0.050 <0.10 <0.15 <0.075 <0.10 <0.15 <0.075 <0.075 <0.075 <0.075 <0.050 <0.10 <0.10 <0.15
Toluene <0.15 <0.25 <0.050 <0.050 <0.10 <0.15 <0.075 <0.10 <0.15 <0.075 <0.075 <0.075 <0.075 <0.050 <0.10 <0.10 <0.15
o-Xylene <0.15 <0.25 <0.050 <0.050 <0.10 <0.15 <0.075 <0.10 <0.15 <0.075 <0.075 <0.075 <0.075 <0.050 <0.10 <0.10 <0.15
m+p-Xylenes <0.30 <0.50 <0.10 <0.10 <0.20 <0.30 <0.15 <0.20 <0.30 <0.15 <0.15 <0.15 <0.15 <0.10 <0.20 <0.20 <0.30
Xylenes (Total) <0.34 <0.56 <0.15 <0.15 <0.22 <0.34 <0.17 <0.22 <0.34 <0.17 <0.17 <0.17 <0.17 <0.15 <0.22 <0.22 <0.34
Hydrocarbons

F1 (C6-C10) <15 <25 <5.0 <5.0 <10 <15 <75 <10 <15 <7.5 <7.5 <7.5 <7.5 <5.0 <10 <10 <15

F1-BTEX <15 <25 <5.0 <5.0 <10 <15 <75 <10 <15 <7.5 <75 <7.5 <75 <5.0 <10 <10 <15

F2 (C10-C16) 39 <50 15 12 22 <30 144 <20 <30 16 <15 72 <15 <10 <20 <20 <30

F2-Naphth 39 <50 15 12 22 <30 144 <20 <30 16 <15 72 <15 <10 <20 <20 <30

F3 (C16-C34) 680 543 234 196 280 430 679 500 620 332 169 277 <75 <50 180 120 170

F3-PAH 660 537 231 188 270 420 675 500 620 326 167 274 <75 <50 180 120 170

F4 (C34-C50) 230 257 119 99 130 250 403 340 390 224 97 121 <75 <50 <100 <100 <150
FAG-SG (GHH-Silica) 1600 2250 980 750 <1000 <1500 1850 1500 1900 1240 800 1010 <750 <500 <1000 <1000 <1500
Total Hydrocarbons (C6-C50) 950 800 368 307 430 680 1230 840 1010 572 266 470 <75 <50 180 120 170

Chrom. to baseline at nC50 YES YES NO YES YES YES NO NO NO NO YES NO YES YES YES YES YES

®mean of three field replicates
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Table B4. Acid volatile sulphide and sulphate concentrations in sediment samples.

Sulphide Sulphate
Site (ug/Q) RDL (ug/Q) RDL
1320 39.9 0.71 51 20
1321 47.9 0.93 210 20
1322 363 6.8 290 20
1331 154 3.3 120 20
1332 122 2.9 260 20
183 76.5 1.2 690 20
18400 1000 31 770 20
18401 689 24 900 60
18402 463 11 590 20
168 58.8 1.5 190 20
EHB 26.3 0.43 250 20
3S 237 6.3 260 20
7S 915 25 380 20
101 439 7.2 480 20
5 639 22 580 20
64 803 24 850 60
17 180 4.7 340 20
27 309 5.6 530 20
3100 38.8 1.2 410 20
3101 133 2.7 330 20
3102 142 2.6 390 20
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Appendix C - Relationships between Hg in sediment and Hg in benthos
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Regression: Total Hg - Chironomids
The regression equation is
log THg chir =

16 cases used,

0.868 + 0.582 logsed THg - 0.0481 %TOC - 0.0364 S%clay

1 cases contain missing values

Predictor Coef SE Coef T P VIF
Constant 0.8676 0.1422 6.10 0.000

logsed THg 0.58219 0.04473 13.02 0.000 1.014
$TOC -0.04812 0.01238 =-3.89 0.002 1.053
$clay -0.03639 0.01125 -3.23 0.007 1.042
S = 0.136207 R-Sg = 94.0% R-Sg(adj) = 92.5%
PRESS = 0.396544 R-Sg(pred) = 89.30%

Analysis of Variance

Source DF SS MS F P
Regression 3 3.4845 1.1615 62.61 0.000
Residual Error 12 0.2226 0.0186

Total 15 3.7072

Source DF Seqg SS

logsed THg 1 2.8968

$TOC 1 0.3938

$clay 1 0.1939

Durbin-Watson statistic = 1.76531

No evidence of lack of fit (P >= 0.1).

Residual

Residual Plots for log THg chir

Normal Probability Plot Versus Fits

99 0.2 s o

90 _ ot ° .
5 3 | :
O 50 2 00 -
[}
o & o1 oy °

10 e .

° [ 2
1 -0.2
-0.30 -0.15 0.00 0.15 0.30 15 2.0 2.5 3.0
Residual Fitted Value
Histogram Versus Order
3 0.2
0.1
% 2 0 A
2 2 00
2 4 \\—O\J/ \\
w1 -0.1
-0.2
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 4 6 8 10 12 14 16

Observation Order

110



Regression: Total Hg — Snails

The regression equation is

log THg snail = 1.17 + 0.231 logsed THg

5 cases used, 12 cases contain missing values
Predictor Coef SE Coef T P VIF
Constant 1.1686 0.3247 3.60 0.037

logsed THg 0.2306 0.1075 2.14 0.121 1.000
S = 0.149232 R-Sgq = 60.5% R-Sg(adj) = 47.4%
PRESS = 0.422334 R-Sg(pred) = 0.00%

Analysis of Variance

Source DF SS MS F P
Regression 1 0.10242 0.10242 4.60 0.121
Residual Error 3 0.06681 0.02227

Total 4 0.16923

Unusual Observations

logsed 1log THg St

Obs THg snail Fit SE Fit Residual Resid
2 1.43 * 0 1.4977 0.1773 * * X
17 4.19 * 2.1355 0.1489 * * X

X denotes an observation whose X value gives it large leverage.
Durbin-Watson statistic = 1.65007

No evidence of lack of fit (P >= 0.1).

Residual Plots for log THg snail
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Regression: Total Hg - Amphipods
The regression equation is
log THg amp = 1.19 + 0.290 logsed THg - 0.0322 $TOC

6 cases used, 11 cases contain missing values

Predictor Coef SE Coef T P VIF
Constant 1.1938 0.1440 8.29 0.004

logsed THg 0.29001 0.04879 5.94 0.010 1.093
$TOC -0.032183 0.009944 -3.24 0.048 1.0093
S = 0.0662341 R-Sg = 92.6% R-Sg(adj) = 87.7%
PRESS = 0.113359 R-Sg(pred) = 36.67%

Analysis of Variance

Source DF SS MS F P
Regression 2 0.165847 0.082923 18.90 0.020
Residual Error 3 0.013161 0.004387

Total 5 0.179008

Source DF Seq SS

logsed THg 1 0.119898

$TOC 1 0.045949

Unusual Observations

log
logsed THg St
Obs THg amp Fit SE Fit Residual Resid
2 1.43 * 1.5900 0.0855 * * X
12 3.76 * 2.2331 0.0722 * * X
16 4.03 * 2.2818 0.0756 * * X
17 4.19 * 2.3500 0.0865 * * X

X denotes an observation whose X value gives it large leverage.
Durbin-Watson statistic = 2.67576

* NOTE * Not enough data for lack of fit test

Residual Plots for log THg amp
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Regression: Total Hg - Oligochaetes
The regression equation is
log THg olig = 1.86 + 0.386 logsed THg - 0.306 logAvVS

8 cases used, 9 cases contain missing values

Predictor Coef SE Coef T P VIF
Constant 1.8642 0.2399 7.77 0.001

logsed THg 0.38560 0.07155 5.39 0.003 1.1lel
1logAvS -0.30639 0.06943 -4.41 0.007 1.161
S = 0.0890633 R-Sg = 87.7% R-Sg(adj) = 82.8%
PRESS = 0.127474 R-Sg(pred) = 60.58%

Analysis of Variance

Source DF SS MS F P
Regression 2 0.28372 0.14186 17.88 0.005
Residual Error 5 0.03966 0.00793

Total 7 0.32338

Source DF Seq SS

logsed THg 1 0.12926

logAvS 1 0.15446

Unusual Observations

log

logsed THg St

Obs THg olig Fit SE Fit Residual Resid
1 1.91 * 2.1096 0.10064 * * X
2 1.43 * 1.8998 0.1375 * * X
3 1.79 * 1.7683 0.1302 * * X
4 2.17 * 2.0297 0.0938 * * X
5 2.18 * 2.0641 0.0915 * * X

X denotes an observation whose X value gives it large leverage.

Durbin-Watson statistic = 2.52778
No evidence of lack of fit (P >= 0.1).

Residual Plots for log THg olig
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Regression: Methyl Hg - Chironomids

The regression equation is
log Chir MeHg =

16 cases used,

1.59 + 0.630 logsed MeHg - 0.000878 TPs

1 cases contain missing values

Predictor Coef SE Coef T P

Constant 1.5853 0.2762 5.74 0.000

logsed MeHg 0.6297 0.1793 3.51 0.004

TPs -0.0008783 0.0002529 -3.47 0.004

S = 0.209237 R-Sg = 69.2% R-Sg(adj) = 64.4%

Analysis of Variance

Source DF SS MS F P

Regression 2 1.27738 0.63869 14.59 0.000

Residual Error 13 0.56914 0.04378

Total 15 1.84652

Source DF Seq SS

logsed MeHg 1 0.74940

TPs 1 0.52798

Unusual Observations

logsed log Chir

Obs MeHg MeHg Fit SE Fit Residual St Resid
2 -0.328 0.6946 0.8282 0.1627 -0.1336 -1.01 X
17 0.738 0.7796 1.1462 0.1060 -0.3666 -2.03R

R denotes an observation
X denotes an observation

with a large standardized residual.
whose X value gives it large leverage.
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Regression: Methyl Hg - Snails
The regression equation is
log snail MeHg = 0.502 + 0.677 logsed MeHg

5 cases used, 12 cases contain missing value
Predictor Coef SE Coef T P
Constant 0.5024 0.1522 3.30 0.046

logsed MeHg 0.6769 0.3125 2.17 0.119 1

S = 0.176138 R-Sq = 61.0% R-Sq(adj) = 48.

PRESS = 0.383134 R-Sg(pred) = 0.00%

Analysis of Variance

Source DF SS MS F
Regression 1 0.14556 0.14556 4.69
Residual Error 3 0.09307 0.03102

Total 4 0.23864

There are no replicates.
Minitab cannot do the lack of fit test based

Unusual Observations

log

logsed snail
Obs MeHg MeHg Fit SE Fit Residual
1 -0.237 * 0.3423 0.2188 *
2 -0.328 * 0.2805 0.2457 *

X denotes an observation whose X value gives
Durbin-Watson statistic = 1.49754

No evidence of lack of fit (P >= 0.1).

S
VIF
.000

0%

0.119

on pure error.

St
Resid

* X

* X

it large leverage.

Residual Plots for log snail MeHg
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Regression: Methyl Hg - Amphipods
The regression equation is
log Amp MeHg = 5.19 + 0.946 logsed MeHg - 0.884 logFe

6 cases used, 11 cases contain missing values

Predictor Coef
Constant 5.1883
logsed MeHg 0.9462
logFe -0.8836

S = 0.0474925 R-Sg

Analysis of Variance

Source DF

Regression 2 0
Residual Error 3 0
Total 5 0.
Source DF Seq

E Coef
0.6713
0.1006
0.1558

SS

.35525
.00677

36202

SS

logsed MeHg 1 0.28271
logFe 1 0.07255

T P
7.73 0.005
9.41 0.003

-5.67 0.011

R-Sq(adj) =

MS F

.17763 78.75
.00226

96.9%

P

0.003

9

Residual Plots for log Amp MeHg
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Regression: Methyl Hg - Oligochaetes
The regression equation is
log Olig MeHg = 0.499 - 0.007 logsed MeHg

8 cases used, 9 cases contain missing values
Predictor Coef SE Coef T P VIF

Constant 0.4995 0.2594 1.93 0.103
logsed MeHg -0.0066 0.5395 -0.01 0.991 1.000

S = 0.331718 R-Sg = 0.0% R-Sg(adj) = 0.0%
PRESS = 1.31460 R-Sg(pred) = 0.00%

Analysis of Variance

Source DF SS MS F P
Regression 1 0.0000 0.0000 0.00 0.991
Residual Error 6 0.6602 0.1100

Total 7 0.6602

There are no replicates.
Minitab cannot do the lack of fit test based on pure error.

Unusual Observations

logsed log Olig

Obs MeHg MeHg Fit SE Fit Residual St Resid
1 -0.237 * 0.501 0.378 * * X
2 -0.328 * 0.502 0.425 * * X
17 0.738 -0.066 0.495 0.204 -0.560 -2.14R

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Durbin-Watson statistic = 2.30336

Possible lack of fit at outer X-values (P-Value = 0.014)
Overall lack of fit test is significant at P = 0.014

Residual Plots for log Olig MeHg

Normal Probability Plot Versus Fits
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Appendix D - Benthic invertebrate counts
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Table D1. Macroinvertebrate family abundances for 2012 Cornwall test (exposed) sites (number

per m?).

Site 183 184 168 EHB 3S 7S 101 5 64 17 27 31

Taxon Group Zone 1 1 1 1 1 1 3 2 2 2 2 2
Diptera Chironomidae 4304 5107 7780 16598 15923 33233 35706 14475 9650 11399 14294 42199
Haplotaxida Tubificidae 2301 2392 11942 3241 1990 2413 13028 7961 6936 5790 8022 9550
Naididae 2103 2915 6273 3067 3136 2774 4524 4946 5187 6092 6273 9268

Amphipoda Gammaridae 74 80 0 0 0 0 0 0 60 0 0 0
Hyalellidae 717 905 0 0 1628 1568 0 0 2352 0 0 0

Bivalvia Pisidiidae 50 0 0 0 0 60 0 60 121 422 60 121
Gastropoda Hydrobiidae 470 1287 60 0 543 2352 0 0 0 60 0 0
Physidae 0 20 0 0 0 0 0 0 0 0 0 0

Planorbidae 0 20 0 0 0 0 0 0 0 0 0 0

Trichoptera| Hydropsychidae 0 0 60 0 0 0 0 0 0 0 0 0
Hydroptilidae 50 20 0 0 0 0 0 60 0 0 0 0

Leptoceridae 965 1287 60 0 362 1990 0 60 2232 0 0 0

Trombidformes Hydrozetidae 50 20 0 0 0 0 0 0 0 0 0 0
Arrenuridae 50 20 0 0 0 0 0 0 0 0 0 0

Hygrobatidae 50 40 0 50 181 60 60 0 121 0 0 101

Lebertiidae 0 0 0 0 0 0 0 0 0 0 0 40

Limnesiidae 25 60 0 0 121 60 60 0 241 0 0 0

Oxidae 0 0 0 25 0 60 0 0 121 60 0 40

Pionidae 198 80 60 0 241 60 241 422 121 302 60 40

Torrenticolidae 0 0 0 0 0 0 0 0 0 0 0 20

Unionicolidae 0 0 0 0 60 0 0 0 0 0 0 0

Ephemeroptera Caenidae 148 161 0 25 0 181 60 0 0 0 0 20
Other taxa Dreissenidae 0 0 0 0 0 0 0 0 0 0 0 0
Glossiphoniidae 99 60 0 0 60 0 0 0 0 0 0 0

Enchytraeidae 0 0 0 0 0 0 0 0 0 60 0 0
Ceratopogonidae 0 0 181 0 60 60 0 0 0 121 0 40
Coenagrionidae 25 0 0 0 0 60 0 0 0 0 0 0

Asellidae 346 302 0 0 0 362 0 0 0 0 0 0

Hydridae 74 0 0 25 121 121 0 0 362 0 0 0

Tetrastemmatidae 198 0 0 0 60 60 0 0 0 0 0 20

Planariidae 99 80 0 0 60 0 0 60 60 0 0 0

Total No. Taxa 21 19 8 7 15 17 7 8 13 9 5 12

Total Abundance 12392 14857 26417 23030 24548 45476 53679 28046 27563 24306 28709 61460
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Table D2. Oligochaete species present at 2012 Cornwall test (exposed) sites. Number per 33.16 cm?.

Site: 183 |]Site: 18400 Site: 18401 Site: 18402 Site: 168 Site: 3s Site: 7s Site: EHB

TAXA PL{P2(P3] i |ii |iii|iv| v i |ii[di[iv] v ] i [iilidiifiv|[ v ] i [ii[idii]iv]|wv] i ]ii]dijiv]wv] i |iilii|liv|wv]P1[{P2|P3
OLIGOCHAETA
Amphichaeta americana
Arcteonais lomondi 1
Aulodrilus limnobius
Aulodrilus pigueti 1.7]0.511.2) 5] 1] 2| 3 1 15 2 2[{ 173 1f 1 5| 2 1] 1 1 4.7|10.2
Aulodrilus pluriseta
Chaetogaster diaphanus
Dero digitata 0.5 1] 6] 1| 4 2| 3] 3[ 10] 1f 6/ 8 1] 3] 2] 2| 1| 2| 1] 2 1 5 if 5
Dero flabelliger 3.2 6.9] 6 2[ 2 3| 14 1] 6] 2 2 11 70 7] 3] 2 3] 5 1] 1 1 1.5(9.1
Dero lodeni
Dero nivea 3 0.7] 6 2 2 1f 10 11| 6 1] 1 4 3] 2 3 4 5/ 3] 5/ 7| 6]0.2|5.7/0.5
Enchytraeus
Limnodrilus hoffmeisteri 0.2 1 1 1 1] 4 3] 1] 11 1] 1 2 1 0.2/ 0.2
Nais barbata 2 1 1 2| 3 4 1
Nais bretscheri
Nais communis 0.2
Nais pardalis 1
Nais simplex
Nais variabilis
Pristina aequiseta 1
Pristina acuminata 2.7 2.7 3.2
Pristina leidyi 0.2/0.2 0.2{2.2({0.2
Pristina longiseta 0.7]0.7
Quistradrilus multisetosus §1.7{0.2({4.7] 9 5 1 1 1f 1f 4 50 3[ 3[ 2| 1] 51 5 3] 3] 4 4 1 1 8 2| 4] 9]2.2]14.9/0.2
Slavina appendiculata 1 1 1] 1 1 1]10.2/0.2
Specaria josinae 0.2 1 0.2
Stylaria lacustris 1.2 3] 9 5[ 7 5 1 1.5
Tubificinae imm. + hairs 0.5/2.7{2.2 1 1 19 9] 14| 7] 14} 1 1 2 1 114.2|1.5/4.9
Tubificinae imm. - hairs 2 3]2.2) 4] 2 3 1 1] 2| 1| 2 2] 38| 31| 13| 7| 14 7| 5] 2| 2| 6} 1] 5/ 3| 3| 1} 2|5.7[1.2
Vejdovskyella comata 1 37 5] 21] 1] 9
Vejdovskyella intermedia
OLIGO frags 1.2/ 0.5/ 0.5f 17 1 1 3 13 8 2 1 1f 3] 4 1{ 4 3] 1 7] 6] 8] 4] 6] 2| 6]2.2[1.7[1.5
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Table D2. Continued.

Site: 101 Site: 5 Site: 64 Site: 17 Site: 27 Site:3100 Site: 3101 Site: 3102

TAXA i i i [ v | v )i i i [av [ v | [ [ v | v )i i i [ iv [ v | i i [ av [ v | i i [ iv [ v i i i [iv | v ] i i i v | v
OLIGOCHAETA
Amphichaeta americana 1 1 1
Arcteonais lomondi
Aulodrilus limnobius 1 1 1 1 2| 1 3] 2 3] 1] 3[ 1] 3] 1] 4| 1
Aulodrilus pigueti 25| 15| 28| 14| 27] 13| 35| 29| 18] 9] 6] 2| 4] 2[ 2] 2| 2 5] 51 1f 2 5] 1 11 2| 5] 1f 4 1] 1 2| 3
Aulodrilus pluriseta 1 1
Chaetogaster diaphanus 1 1 2 1
Dero digitata 1| 4] 2] 2| 3| 2[ 3] 8§ 3] 4 4 2] 1 2 1 1 1
Dero flabelliger 5/ 3] 11 2[ 3] 5 3| 4| 19 14| 7| 5] 18] 7| 18] 6] 5 1 1f 1] 1} 1| 5/ 14 2| 4 8 1| 13| 2| 6] 4| 2[ 6 4] 8
Dero lodeni 1
Dero nivea 2| 2| 1f 5] 8 1] 3| 3[ 1] 2 1 1 1
Enchytraeus 1
Limnodrilus hoffmeisteri 3 2 3 3 1 1 1f 2 3 1 3 2
Nais barbata 1] 1 1 2
Nais bretscheri 1 1
Nais communis
Nais pardalis 1
Nais simplex 1] 1
Nais variabilis 2
Pristina aequiseta 1
Pristina acuminata 4 3] 9] 5| 4 2| 1 1f 1] 1§ 11| 7 6] 11| 24] 14| 10[ 27 7| 11} 16 4 20| 16| 19 14 17{ 17| 14
Pristina leidyi
Pristina longiseta
Quistradrilus multisetosus 4 2| 2| 3] 2 1 6] 13| 6| 6| 8] 5] 11| 13| 5] 51 9] 9 7 6| 4 7| 6 1 5] 3
Slavina appendiculata 1 1 1 1 1 3[ 1 6 2| 3| 2 1 1 2| 2 2 4] 1
Specaria josinae 1] 1| 1] 2 1 1 1l 2 2 4] 1| 11 2| 2| 2 1l 11 2
Stylaria lacustris 1 2 1 3 2 1] 1
Tubificinae imm. + hairs 3] 20| 9f 10[ 9 1 3 1 2| 3| 4] 3 3] 6/ 5[ 6| 3] 4| 10| 23| 18] 8 8| 2| 9 12| 3] 14| 13[ 6| 10| 8
Tubificinae imm. - hairs 23 29| 32| 33| 31] 1 1 4| 5| 3 5| 3 1] 10| 17| 20f 9| 5] 5| 12 9| 10| 17} 9| 18| 19 7| 4] 4| 4| 11f 13| 9| 19| 11 8| 13| 17
Vejdovskyella comata 3 5/ 3[ 11 3] 8 3| 5 2[ 3 8l 4 7[ 5] 6] 3] 5[ 1] 9] 2] 13[ 4 6] 4| 8| 12 10| 8| 4 7( 71 5] 22
Vejdovskyella intermedia 2 1 1 2] 1 4 1 51 1] 1 1l 2] 2| 3
OLIGO frags 1 3] 4 1 1] 1] 2| 3] 2] 5] 2| 3| 2 1] 1] 1] 3] 11 2| 4 8 6] 6] 9] 1 1] 2 1 2 1
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Table D3. Chironomid genera/species present at 2012 Cornwall test (exposed) sites. Number per 33.16 cm?.

Site: 183 |Site: 18400 Site: 18401 Site: 18402 Site: 168 Site: 3s Site: 7s Site: EHB
TAXA PL|P2(P3) i | i [dii |iv [ v ] i | i [dii|dv| v ] i |ii[idii]iv| v ] i |ii[iii]iv]| v ] i |iilf[iii]iv]| v ] i |iiliii]liv]| v ]P1|P2{P3
DIPTERA:Chironomidae
Tanypodinae
Ablabesmyia - early instar 0.5[{1.7]0.2 1 1 2 3[ 1 1] 2 1] 1
Ablabesmyia peleensis 1
Clinotanypus pinguis 1
Coelotanypus scapularis 1 1
Labrundinia neopilosella 0.5 1
Labrundinia pilosella 1 1
Labrundinia nr. virescens 0.2
Procladius 0.7[0.7]0.5] 4| 1 3] 2] 2| 2 1] 3 1 2] 2| 4] 5/ 61100 5 5 71 7] 9] 16| 4| 15] 12| 14]0.5/0.5
Procladius bellus - II instar
Tanypus - II instar 1 4 3] 3
Orthocladiinae
Cricotopus [annulator cmplx - II]
Nanocladius [prob. alternantherea] 0.2
Orthocladius [nr. nigrita] 1 1 1 0.2
Orthocladius annectens 1
Psectrocladius [psilopterus grp - II] 1
Psectrocladius (Monopsectrocladius) 0.2
Thienemanniella lobapodema 0.2| 0.2 1 1] 5 1§ 1] 5 2| 3
Chironominae:Chironomini
Apedilum subcinctum 1
Chironomus decorus 0.5 0.7 1 16 23| 18| 10§7.4|3.7|2.2
Cladopelma 0.2[ 2|1.5 1 1 2 5 50 26| 14| 35]0.5
Cryptochironomus 0.7 2 1] 1 1 2] 1] 2 2 2 2 1 1.5[0.7[ 1.2
Cryptotendipes emorsus
Demicryptochironomus cuneatus 0.2
Dicrotendipes modestus 0.2[0.5]10.2] 2| 2 1] 1 4 11 2| 1] 1] 1 1] 1 1 6| 2| 1] 10/ 6} 12 5/ 16] 71 9 1 0.2
Dicrotendipes neomodestus 0.2 1 3
Dirotendipes tritomus 1
Glyptotendipes dreisbachi 0.2
Nilothauma babiyi
Parachironomus
Paralauterborniella nigrohalteralis 0.5/ 0.2] 2.5
Paratendipes subequalis 0.2]1.7]0.5
Phaenopsectra [obediens grp] 0.5[0.2 1 1 2 2 1
Phaenopsectra [puntipes grp]
Polypedilum angulum 1.5[/3.4/0.2 1 2
Polypedilum aviceps 0.2|0.2 1 1
Polypedilum nubeculosum 0.2 1] 1 2] 1 1
Polypedilum scalaenum 0.2
Polypedilum simulans [halterale gr] 113.2[1.2 2 1 4
Tribelos jucundum 3.9 3[1.2) 2| 9 4 51 3| 4 4 1
Xenochironomus xenolabis 1
Chironominae:Pseudochironomini
Pseudochironomus
Chironominae:Tanytarsini
Cladotanytarsus 1 0.5]0.5
Paratanytarsus 0.7 2[ 1 1 15| 2 2 2 2] 1) 10 3| 1] 2
Rheotanytarsus 1]1.2[0.2] 2 1 1 1] 1 1] 1f 4 3 3] 1] 3J0.2
Stempellina [sp.A Epler] 0.2
Tanytarsus 0.2 2 2 20 1] 1] 1
Zavreliella marmorata 1
Chironomidae [indet.]
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Table D3. Continued.

Site: 101 Site: 5 Site: 64 Site: 17 Site: 27 Site:3100 Site: 3101 Site: 3102
TAXA i i i [ v | v )i i i [av [ v | [ v | v )i i i [ iv [ v | i i [ av | v | i i [ iv [ v i i i [iv | v ] i |l i v | v
DIPTERA:Chironomidae

Tanypodinae
Ablabesmyia - early instar 1 1 1
Ablabesmyia peleensis 1
Clinotanypus pinguis 1 1
Coelotanypus scapularis 2[ 3 1] 1 1 1 1 2 2
Labrundinia neopilosella
Labrundinia pilosella
Labrundinia nr. virescens
Procladius 3] 2] 1] 1| 3) 8| 4] 7| 1| 3] 3| 2| 4] 2 2] 5 2| 4 7 2] 8 2| 3[110f 31 5 3 4 7 9 1] 4 5@ 1 3] 4 7 3/ 31 4
Procladius bellus - II instar 1 1
Tanypus - II instar 1 1

Orthocladiinae
Cricotopus [annulator cmplx - II] 1
Nanocladius [prob. alternantherea] 1
Orthocladius [nr. nigrita] 1 1
Orthocladius annectens
Psectrocladius [psilopterus grp - II] 1
Psectrocladius (Monopsectrocladius)
Thienemanniella lobapodema 1

Chironominae:Chironomini
Apedilum subcinctum
Chironomus decorus 3] 4 8 9] 51 2 2 1 1 1] 2 1] 1 2| 3] 1] 4 2| 4
Cladopelma 1 15| 17{ 12{ 11] 9] 3| 3[ 3
Cryptochironomus 1] 2| 3] 3] 6] 1 1 1 1 1 3 1] 3 3 1 1 1] 71 2 1 1 1] 6] 2| 2 4] 3
Cryptotendipes emorsus 2 2 1
Demicryptochironomus cuneatus 2 1 2] 1 1
Dicrotendipes modestus 1 2 2| 1] 2 2 2[ 2 1 1 2 1] 1
Dicrotendipes neomodestus 1
Dirotendipes tritomus
Glyptotendipes dreisbachi
Nilothauma babiyi
Parachironomus
Paralauterborniella nigrohalteralis 16| 15[ 30| 34| 28] 32| 16| 15| 21| 29] 3| 21| 12| 4 5] 31| 11
Paratendipes subequalis 7 5/ 6] 51 3] 1 4 3] 5 1
Phaenopsectra [obediens grp] 3[ 2 5 2] 1 2 1 4 2| 5
Phaenopsectra [puntipes grp]
Polypedilum angulum
Polypedilum aviceps
Polypedilum nubeculosum
Polypedilum scalaenum 67| 45| 92| 65[ 79 1 1] 1 4 2| 2| 1} 8/ 10[ 8] 7| 6] 76/ 79| 68| 60| 54] 62| 72| 57 80| 54] 70| 69| 71| 49| 62
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Polypedilum simulans [halterale gr] 3 1
Tribelos jucundum 3 1] 8] 4] 3 2 1 1 1 2 1
Xenochironomus xenolabis

Chironominae:Pseudochironomini
Pseudochironomus 1
Chironominae:Tanytarsini
Cladotanytarsus 1 1 1
Paratanytarsus 1] 2 7 2 1 1] 1
Rheotanytarsus
Stempellina [sp.A Epler] 1| 1 3
Tanytarsus 1 1 1 1 1 1 1
Zavreliella marmorata
Chironomidae [indet.] 1
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Table D4. Other genera/species present at 2012 Cornwall test (exposed) sites. Number per core tube (i-v), or ponar grab (P1-P3).

Site: 183 |Site: 18400 Site: 18401 Site: 18402

Site: 168 Site: 3s Site: 7s Site: EHB
iv | v )i | i i iv | v )i [ i |iii)iv| v )i [ii]iii|iv| v]P1[P2|P3

TAXA PL|P2(P3] i | i |iii|iv | v ] i [iiifi|iv| v ] i [ii

CNIDARIA
Hydra 12 1 1 2 4
NEMERTEA:Prostoma 8| 24 1 1
TURBELLARIA
Dugesia tigrina 12| 4] 2 1 1 1
Neorhabdocoela 1
indeterminate 1
HIRUNDINEA
Alboglassiphonia heteroclita 4 1] 2 1
Helobdella stagnalis
Placobdella picta
AMPHIPODA
Gammarus _[young]
Gammarus peseudolimnaeus 12 3
Hyalella azteca [cmplx] 28| 40 48] 2| 1] 1 3[ 11 2 7] 11 1 1| 5 3[ 15| 3| 3] 3 10 8| 2| 6
ISOPODA
Caecidotea racovitzai 8| 36| 8 1 1 2 3 1 1
Lirceus 4 2 1 1 1] 1 2l 2] 1
TARDIGRADA
ACARI
Arrenurus 8 1
Atractides 1
Forelia 4
Hydrozetes 8 1
Hygrobates 8 1 2 1 1 4| 4
Lebertia
Limnesia 4 1 1 1 ] 1 1
Oxus 1 4
Piona 24| 4 1 1 1] 1 1 1 2 1] 1
Torrenticola
Unionicola 1
ODONATA
Enallagma 1
Ischnura 4
EPHEMEROPTERA
Caenis latipennis
Caenis punctata 12 8| 4 1l 2| 1 3 1 3 4
MEGALOPTERA
Sialis
TRICHOPTERA
Agraylea 1
Cheumatopsyche 1
Leptocerus americanus 48 321 68] 5| 1| 1] 1 5[ 12] 8] 6] 1] 2| 2 4| 13 1 1 2 2 3
Nectopsyche albida 4 2] 2 1 3| 3| 13| 4| 4
Oecetis sp.D_Floyd
Oxyethira 4| 4]
Triaenodes aba 1 1
Triaenodes melaca 4
DIPTERA:Ceratop id.
Bezzia

Probezzia 3 1 1
GASTROPODA
Amnicola limosa 28| 20| 28] 4 8] 5[ 2| 1) 3/ 18] 3[ 3| 9 3 5 1 4 1] 1 31 10| 1| 8| 4| 16|
Ferrissia fragilis
Helisoma anceps
Physa gyrina 1
Planorbidae [young] 1
Valvata piscinalis
BIVALVIA
Dreissena bugensis
Dreissena polymorpha
Pisidium casertanum 8
Pisidium compressum 1
Pisidium henslowanum
Pisidium [young]
Pisidium milium
Psidium nitidum
Pisidium supinum

ENEN
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Table D4. Continued.

Site: 101
TAXA i [l [dii|iv]| v

Site: 64 Site: 17 Site: 27 Site:3100 Site: 3101 Site: 3102
v | i i i v [ v )i ) i i [ v [ v )i i (i v [ v ] i iv [ v i i i fiv | v )i fidiifiv|wv

CNIDARIA
Hydra 3 3
NEMERTEA:Prostoma 1
TURBELLARIA
Dugesia tigrina 1 1
Neorhabdocoela ] 1
indeterminate
HIRUNDINEA
Alboglassiphonia heteroclita
Helobdella stagnalis
Placobdella picta
AMPHIPODA

Gammarus _[young]
Gammarus peseudolimnaeus 1
Hyalella azteca [cmplx] 7] 1] 27| 1| 3
ISOPODA
Caecidotea racovitzai
Lirceus
TARDIGRADA
ACARI

Arrenurus

Atractides

Forelia

Hydrozetes
Hygrobates 1 2 1 4
Lebertia 1 1
Limnesia 1 1 1] 1] 1
Oxus 1 1
Piona 2 1 1) 1] 1] 3 2 2 2| 1] 2 1 1] 1
Torrenticola 1
Unionicola
ODONATA
Enallagma
Ischnura
EPHEMEROPTERA
Caenis latipennis 1
Caenis punctata 1
MEGALOPTERA
Sialis
TRICHOPTERA
Agraylea 1
Cheumatopsyche
Leptocerus americanus 1] 13| 2| 16| 4| 2|
Nectopsyche albida
Oecetis sp.D__Floyd
Oxyethira
Triaenodes aba
Triaenodes melaca
DIPTERA:Cerat
Bezzia
Probezzia i 1 2
GASTROPODA
Amnicola limosa 1
Ferrissia fragilis
Helisoma anceps
Physa gyrina
Planorbidae [young]
Valvata piscinalis
BIVALVIA

Dreissena bugensis
Dreissena polymorpha
Pisidium casertanum 1 1 1
Pisidium compressum
Pisidium henslowanum 1
Pisidium [young] 1
Pisidium milium 2 2 ] 1 1
Psidium nitidum 1 1 1
Pisidium supinum 1 1]
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—
-
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Appendix E - Toxicity correlations from NMDS
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Table E1. Pearson and Kendall Endpoint Correlations with Ordination Axes, N= 78. Endpoints
with r? > 0.475 are highlighted.

Axis: 1 2

r r-sqg tau r r-sq tau
Crgw .057 .003 -.081 .144 .021 .087
Crsu .253 .064 221 =.222 .049 -.058
Hagw -.041 .002 -.080 .209 .044 .100
Hlgw .229 .052 .195 .387 .150 .288
Hlsu -.093 .009 -.019 -.le61 .026 -.093
Ttcc .409 .167 .159 .438 .192 .286

Ttsu -.102 .010 -.064 -.058 .003 -.037

Table E2. Pearson and Kendall Habitat Correlations with Ordination Axes, N= 78. Variables
with r? > 0.20 are highlighted.

Axis: 1 2

r r-sq tau r r-sq tau
3Clay -.317 .101 -.130 -.246 .061 -.175
%Sand .124 .015 .031 .237 .056 .179
$Silt -.010 .000 .124 -.154 .024 -.099
Alkalini  .429  .184  .285  .528  .278  .379
N-NO2+NO -.137 .019 -.071 ~-.150 .022 -.113
N-TKNw -.023 .001 .095 .002 .000 .051
N-NH3 (m -.189 .036 -.065 -.121 .015 -.081
TPw .045 .002 .126 .076 .006 .084
Al203 (p -.269 .072 -.233 -.2098 .089 -.239
As (ppm) -.127 .016 -.029 -.255 .065 -.181
BaO (ppm -.016 .000 -.041 -.049 .002 -.065
Ca0 (ppm .033 .001 .125 .064 .004 .165
Co (ppm) -.190 .036 -.072 -.384 .148 -.280
Cr203 (p -.133 .018 .032 -.371 137 -.192
Cu (ppm) -.109 .012 -.070 -.2091 .084 -.242
Fe203 (p -.181 .033 -.120 -.329 .108 -.248
THg (ppm  .450  .203  .211  .425  .180  .060
K20 (ppm -.114 .013 -.096 -.109 .012 -.082
LOI (%) .131 .017 .196 .013 .000 -.007
MgO (ppm -.046 .002 .048 -.044 .002 -.004
MnO (ppm -.167 .028 -.159 -.167 .028 -.245
Ni (ppm) -.270 .073 -.214 -.314 .098 -.281
Pb (ppm) -.066 .004 -.064 -.296 .088 -.258
Si02 (pp -.008 .000 -.090 .087 .008 .080
Sr (ppm) .014 .000 .069 .004 .000 .077
Ti02 (pp .063 .004 .004 .003 .000 -.010
TKN (s) .005 .000 .082 -.067 .004 -.053
TOC (%) .099 .010 .111 -.058 .003 -.043
TP s (ppm .118 .014 .077 .062 .004 .032
Vo (ppm)  -.266  .071 -.161 -.485  .235 -.358
Y (ppm) -.089 .008 -.019 -.278 .077 -.184
Zn (ppm) .096 .009 .034 -.154 .024 -.166
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