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Executive Summary

The purpose of the project was to determine concentrations of contaminants (mercury and other trace
metals) associated with legacy industry emissions in the City of Cornwall’s storm and combined sewer
system, to evaluate their relative concentrations, and to compare them with previous measurements
taken in 2013 and 2017. This work was conducted as part of the assessment of Long-Term Monitoring
(LTM) goals developed for the Cornwall Sediment Strategy (CSS). The LTM goal for catch basins is to
achieve comparable concentrations of total mercury and methylmercury in catch basin sediment.
Samples were collected from ten catch basins in during each of the months of June, August and October
2023. Sediment samples were analyzed for total mercury (THg), methyl mercury (MeHg), a suite of trace
metals, % organics (LOlsso), and sediment grain size. Effluent samples were also collected during three
rain events at five storm sewer sites, which were analyzed for THg, MeHg, and total suspended solids
(TSS).

The following results were obtained:

e The sampling of catch basin sediment revealed THg concentrations consistently above the 0.20
ug/g Lowest Effect Level (LEL) from the Ontario Provincial Sediment Quality Guidelines (PSQGs)
near the intersection of Brookdale Ave. and Water St. E downstream of legacy industrial sites. All
other catch basin sediments were below the LEL threshold for all sampling events and on average
~ 13-fold lower than the Brookdale and Water Street catch basin sediments. These results were
consistent with previous sampling conducted in 2017 and suggests that the CSS-LTM goal for THg
in catch basin sediments has not yet been achieved.

e There were not statistical differences between sites for concentrations of MeHg in combined
catch basin samples and ranged 0.304 to 1.313 ng/g.

e Trace metal concentrations surpassed the PSQG on several occasions depending on sampling
month as well as catch basin.

e Effluent sampled during three separate rain events showed similar concentrations of THg and
similar MeHg to previous studies (Ridal et al., 2013; Waller et al. 2018), with the exception that
THg in samples taken from sewers adjacent and downstream to the former industrial properties
ranged lower (0.51 — 3.78 ng/L) than results from 2017 sampling (5.28 — 32.5 ng/L).

Recommendations from this work include:

e Expanded monitoring of storm water samples at Brookdale and Water Street storm sewers and
adjacent sites to better characterize range of Hg concentrations and help delineate sources.

e Evaluate and apply mercury isotope signature measurements approaches to help determine
industrial inputs and assess the impact on local food web uptake.

e Recommend to City of Cornwall enhanced frequency for cleaning of catch basins closest to the
past industrial lands.

e (SS Committee to discuss options to further engage the site owner to undertake further
investigate of on-site sources of Hg and possible mitigation measures.
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Introduction

Mercury contamination of sediments has been an important issue in the St. Lawrence River (Cornwall)
area of concern (AOC). The areas with the highest sediment contamination are found in three
depositional zones along the Cornwall waterfront (Figure 1). After a five-year review of monitoring data,
the Cornwall Sediment Strategy (CSS) was adopted in 2005 and involves natural recovery of the sediment
(de Barros and Anderson, 2010). With local sources eliminated (i.e. the closure of mercury emitting
industries), it's expected that accumulation of sediments over time with backgrounds levels of
contaminants will gradually form a surface cover over the contaminated sediments and reduce the
availability of mercury to the food web. This strategy requires on-going monitoring of mercury
concentrations in sediments and fish, and coordination and interactions among the many agencies to
control activities along the Cornwall waterfront to ensure that sediments are not disturbed. The
administrative controls have been adopted by seven partner agencies to ensure that contaminated
sediment is not disturbed. Projects must first be reviewed with the proponents by the Raisin Region
Conservation Authority and afterwards reviewed by the other responsible agencies.

Background:
From 2014-2023, the St. Lawrence River Institute of Environmental Sciences has conducted sediment
sampling and analysis to characterize previously unsampled nearshore areas of the three contaminated
zones of the Cornwall AOC. The objectives of this program have been:
e To fulfill the long-term monitoring requirements outlined in the CSS
e To fill critical data gaps for sediment mercury concentrations in the 1-10m nearshore regions
e Toinvestigate the concentrations of other contaminants in nearshore regions including
methylmercury, trace metals, polycyclic aromatic hydrocarbons, and petroleum hydrocarbons,
with emphasis on the Kirkman Court area in Zone 2

e To characterize the physical properties of nearshore sediments and how they relate to
contaminant levels

e Toinform current regulations on development and/or construction projects that might disturb
sediment

e To test the effectiveness of spatial models to predict mercury concentrations in previously
unsampled areas.

The results from 2014 and 2015 studies of nearshore sediments along the Cornwall waterfront revealed
several well-delineated spatial patches of mercury contamination exceeding the provincial severe effect
level (SEL) in Zones 1 and 2 (Razavi et al., 2015; Windle and Ridal, 2016). In 2016, Moir et al. (2017)
conducted nearshore core sampling in two mercury hotspot areas (one in Zone 1 and one in Zone 2) as
determined in Razavi et al. (2015) and Windle and Ridal (2016). Three cores were collected in hotspot
areas of Zone 1, and four cores were collected in hotspot areas of Zone 2 West. Sediment ageing results
of the three shoreline sites presented mixed findings. Though Hg concentrations declined toward the
surface in all three cores, surface concentrations remain above provincial limits, and radioisotope dating
of the cores suggests that sediments are likely being disturbed at two of the three sites. Many surface
sediments from Zone 2 West were found to be contaminated with trace metals, with concentrations of
chromium, copper, iron, lead, or zinc exceeding the SEL at several locations. Concentrations of polycyclic
aromatic hydrocarbons (PAHs) did not exceed the SEL, while elevated concentrations of petroleum
hydrocarbons (PHCs) were found at several shoreline sites.
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In 2015, the Cornwall Sediment Strategy (CSS) Steering Committee, tasked to administrate the CSS,
initiated a technical review to identify whether the desired outcomes of the strategy are being achieved
and to align the program with recent developments and best practices for Monitored Natural Recovery
(MoNR) approaches. The CSS Technical Review team, supported by its consultant, Ramboll Environ,
strengthened the CSS by: (1) developing a conceptual site model; (2) identifying the site specific
restoration objectives and goals to be achieved through MoNR; (3) establishing short and long term
achievable and realistic remedial action targets; and (4) recommending components of a long term
monitoring (LTM) plan to assess the effectiveness of MoNR in meeting those objectives, goals and targets
(Ramboll 2017a, 2017b).

In response to the CSS LTM plan and in coordination with multiple partners including the Ontario Ministry
of the Environment, Conservation and Parks (MECP) and Environment and Climate Change Canada
(ECCC), the River Institute designed and carried out baseline and LTM studies in 2018 and 2022 to
characterize mercury concentrations in surface (0-2 cm) nearshore sediments in CSS-designated zones
and at upstream reference sites (Windle et al., 2019; Holden et al., 2024). Baseline and LTM monitoring
sampling of contaminant concentrations in young-of-the-year (YOY) fish were also conducted in the same
zones in 2017 and 2023 (Lapointe and Ridal, 2018; Holden et al., 2024). Multiyear sampling of surface
sediments showed a decline in total mercury from 2018 to 2022, but no decline in methylmercury
(Holden et al., 2024). Three of five AOC contaminated zones showed similar mercury concentrations in
YOY fish to upstream reference areas, however Zone 1 near the former Domtar and ICl properties had
consistently higher mercury concentrations in fish. Together these results demonstrate the need to
investigate the higher and persistent concentrations of methylmercury in sediments and fish in Zone 1,
and potential ongoing sources and inputs of mercury to the zone.

It remains unclear whether continuing high surface Hg concentrations are a result of slow recovery of the
sediment due to low sedimentation rates or on-going external sources of Hg or both. Previous storm
sewer outflow monitoring has identified elevated Hg levels in outflows to CSS-designated Zone 1 (Ridal et
al., 2013). These findings illustrate potential limitations of monitored natural recovery (MoNR) in
heterogeneous nearshore environments.

To investigate whether sewer and stormwater outflows represent on-going external sources of Hg to CSS
zones, the River Institute collected sediment and effluent samples from nine catch basins and two storm
sewer sites in the City of Cornwall’s storm and combined sewer system to monitor their potential to
impact water and sediment quality along the Cornwall waterfront (Waller et al., 2018). Sediment samples
were collected from nine catch basins in June, August and October, 2017. Sediment samples were
analyzed for total mercury (THg), methyl mercury (MeHg), a suite of trace metals, % organics (LOI550), %
carbonates (LOI950) and sediment grain size. Effluent samples were also collected during one rain event
at two storm sewer sites which were analyzed for THg, MeHg, and total suspended solids (TSS).

The following results were obtained:
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e The sampling of catch basin sediments revealed THg concentrations consistently above the 0.20
ug/g Lowest Effect Level (LEL - Ontario Provincial Sediment Quality Guidelines (PSQGs)) in the
catch basin near the intersection of Brookdale Ave. and Water St. E.

e Trace metal concentrations surpassed the PWQO and the PSQG on several occasions depending
on sampling month as well as catch basin.

e Effluent sampled during a rain event showed similar concentrations of THg and MeHg to previous
studies (Ridal et al., 2013).

Project Rationale:

During a rain event, surface runoff flows overland and pools towards a storm drain inlet such as a grate or
curb inlet and enters the storm sewer or combined sewer system. This runoff originates mostly from
roadways and parking lots but can also originate from residential and industrial lands when large rain
events result in soil saturation/overland flow. Once in the storm sewer or combined sewer, the effluent is
guided towards catch basins or sumps (often called by their trade name of stormceptor; see Figure 2)
which are designed to capture and store sediment, debris and other pollutants as they flow through
towards the outfalls. As such, these catch basins are the ideal sampling source for this study as they
capture and store the solids from industrial runoff, preventing potential contaminants from entering the
St. Lawrence River via sewer outfalls.

Given the above-mentioned findings, this 2023 study assessed whether there are continuing inputs of
mercury to the zones of contamination from former industrial sites via the City of Cornwall sewer system.
As part of the LTM process, this study also evaluates whether there has been any change in contaminant
levels in catch basin and storm sewer effluents since baseline sampling occurred in 2017. The results are
discussed in relation to spatial patterns and concentrations of mercury in surface sediments and YOY fish
in CSS zones.
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Methods

Sediment and Water Sampling Locations

A total of 9 catch basin sites were previously selected for sampling in 2017 with help from the City of
Cornwall public works staff, several of which are in close proximity to historic industrial properties (Waller
et al, 2018). These same catch basin sites were revisited in 2023, as well as an additional catch basin site,
for a total of 10 sites in 2023 (Figure 3). Catch basins were sampled three times, once in June (6" and
7t™), once in August (21st), and once in October (4th). Following rain events on July 14", July 27" and
October 11™, 2023, storm sewer effluent was also sampled at five sites near historic industrial properties
to determine THg and MeHg concentrations (Figure 3). Several combined sewer and storm sewers
discharge near Zone 1 (Figure 4).

A sampling pole called a sludge judge (Figure 5) was used to obtain samples from inside the catch basins.
The sampling pole had three segments which screwed together to create a 15ft pole with 1ft markings
along the length of the pole. The bottom segment had a ball valve which allowed the liquid in and would
seal when raise out of the catch basin. When catch basins were more than 15ft below ground extra PVC
pipes were attached to the top end to extend the length of the sampling pole. Several samples were
collected at each catch basin and combined until an adequate volume of sample was collected for the
analyses required. Sludge was removed from the sample by releasing the ball valve and was collected into
PET bottles. Samples were stored at 4°C until analyzed. The sludge judge was cleaned between sites with
reverse osmosis water, phosphate free soap and a brush, after which it was rinsed with 5% hydrochloric
acid, and rinsed again three times with reverse osmosis water.

A 12ft extendable pole with an acid washed HDPE bottle attached by tie wraps was used to collect storm
sewer water following rain events on July 14" July 27" and October 11", 2023. Sample bottles were kept
clean while in the field and preserved once back at the lab with 12N trace metal grade hydrochloric acid
(5mL of HCI per 1L of sample). Samples were shipped to the University of Ottawa overnight for next-day
analysis.

Mercury Analyses

Total mercury and methylmercury analyses were completed at the University of Ottawa. Sediment
samples for THg analysis were centrifuged and had pore water removed, were freeze-dried, homogenized
by grinding, and a subsample between 48.7 — 136.8 mg weighed out for analysis using a direct thermal
decomposition Hg analyzer (MA-3000 Mercury Analyzer from Nippon Instruments Corp., Japan).
Sediment for MeHg analysis were performed by distillation, aqueous ethylation, purge and trap, and cold
vapor atomic fluorescence spectrometer (EPA1630). All Hg concentrations for catch basin samples are
reported in dry weight. Catch basin composite samples from all three sampling events were analyzed
individually for THg, and as composites for MeHg. Composite samples were combined as follows; Sites 1
and 2; 3and 4; 5and 7; 6 and 8and 9 and 10.

Certified reference materials used for THg analysis included PACS-3 (marine sediments; n = 3), and
NIST2704 (river sediments; n = 4). Average recovery for PACS-3 was 102.6%, and 101.2% for NIST2704.
The certified reference material used for MeHg analysis was SQC12338 (n = 4), with an average recovery
of 94.2%. Duplicates had an average RDP of 5.5% (n=2). Analytical blanks did not reveal any
contamination for either Hg analyses. Sediment THg concentrations were compared relative to the
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Lowest Effect Level (LEL) of 0.200 pg/g and the Severe Effect Level (SEL) of 2.000 pg/g (Persaud et al.,
1993).

Initial precision and recovery (IPR) and ongoing precision and recovery (OPR) were used in concentrations
of 5ppt Hg (US EPA, 2002). Average recovery for IRP (n = 5) was 105.1% and OPR (n =5) was 100.9%.
Average recovery for spikes used in MeHg analyses were 100.8%. Analytical blanks did not reveal any
contamination for either Hg analyses.

Effluent samples were analyzed for THg (filtered and unfiltered) and MeHg at the University of Ottawa
and total suspended solids (TSS) were analyzed at the St. Lawrence River Institute of Environmental
Sciences (SLRIES). Samples were collected using clean handling techniques, and one deionized water
blank was collected. THg was analyzed using the oxidation, purge and trap, and cold vapor atomic
fluorescence spectrometry (CVAFS) method and MeHg was analyzed by capillary gas chromatography
coupled with atomic fluorescence spectrometry (GCAFS). TSS were filtered onto pre-cleaned and pre-
weighed 1.5-um pore-sized borosilicate glass fiber filters (ProWeigh®, Delta Scientific) and dried to
constant weight.

Trace Metal Analyses

Catch basin samples were analyzed as sediment/solids as determined by the Ministry of Environment and
Climate Change (MOECC) Laboratory Services Branch in Etobicoke. Method E3470 was used to analyze
sediment by hot block digestion by inductively coupled plasma — optical emission spectroscopy (ICP-OES)
and the following trace metals were analyzed; Aluminum, Antimony, Arsenic, Barium, Beryllium, Boron,
Calcium, Cadmium, Chromium, Cobalt, Copper, Iron, Lead, Magnesium, Manganese, Molybdenum, Nickel,
Potassium, Phosphorus, Selenium, Silver, Sodium, Strontium, Sulphur, Thallium, Tin, Titanium, Vanadium
and Zinc. Catch basin composite samples from all three sampling events were analyzed as sediment.
Composite samples were combined as follows; Sites 1 and 2; 3 and 4; 5 and 7; 6 and 8and 9 and 10.

Organic Matter Analyses

Standard loss-on-ignition (LOI) procedures (Dean, 1974) were used to estimate the organic and carbonate
contents of the catch basin samples. Known, dry masses of sediment were combusted at 550°C for four
hours, then reweighed to determine percent LOI550 in each sample. Percent LOI550 is proportional to
the amount of organic matter in the original samples, though do not represent exact contents of organic
(Heiri et al., 2001), and thus presented as LOI550, rather than percent organic.

Grain Size Analyses

Mean grain size was determined for 22 out of the 27 catch basin sediment samples (when there was
enough sediment for the analysis) using a Microtrac S3500 grain size analyzer, following the procedure of
Girard et al. (2004), as adapted by Jean Bjornson at the University of Ottawa Geography laboratory.
Briefly, approximately 2 — 5 g of wet sediment was weighed out and digested with hydrogen peroxide to
remove organic material, rinsed twice, then mixed with a 5% solution of sodium hexametaphosphate.
These samples were placed in a refrigerator (4°C) for three days prior to testing with the

particle size analyzer, which produces a grain size distribution and mean particle size diameter. The
samples were run through the particle analyzer three times and a mean of the results were used. In North
America, size categories for clays, silts, and sands are typically defined as particles with a diameter < 4 um

12 — River Institute — Contaminant Assessment In City of Cornwall Sewers and Catchbasins



(clays), 4 - 62 um (silts), and 62 - 2000 um (sands; Ongley, 1996). However, the particle size analyzer
separates particles into slightly different fractions; therefore, the classifications used were < 3.73 um
(clays), 3.73 —62.00 um (silts), and 62.00 — 2000 um (sands). Catch basin composite samples from all
three sampling events were analyzed as sediment. Composite samples were combined as follows; Sites 1
and 2; 3and 4; 5 and 7; 6 and 8and 9 and 10.

Results and Discussion

Catch basin Sediment THg and MeHg Concentrations

All catch basins sampled within the city were below provincial SELs for THg with results ranging from
0.007 to 0.694 pg/g (mean = 0.099 pg/g + 0.031SE), however one catch basin (Site 5) consistently tested
above LELs over the three sampling events (Figures 6-7; Table Al). No significant statistical differences
(p=0.95) were observed in THg concentrations between months. There was however a significant
difference (p=3.38E-11) in THg concentrations between sites, likely due to higher THg concentrations at
Site 5. This trend was also shown in the 2017 sampling. Site 5 catch basin is one of three (two others are
unsampled) located near the intersection of Brookdale Ave. and Water St. E., which is in close proximity
to the old industrial sites of Domtar Inc. and ICl Forest Products. This area was under construction in
2016, before the 2017 sampling period. Water and sediments from the catch basin at Site 5 can
potentially discharge into Zone 1. There was a slight non-significant decline in THg concentrations at Site
5 between sampling 2017 and 2023, which was similar to a significant decline in THg concentrations in
surface sediments in Zone 1 (Holden et al., 2024)(Figure 8). Overall there was no significant difference
observed between the average catch basin THG results from 2017 to 2023.

Sediment MeHg concentrations in 2023 ranged from 0.304 to 1.313 ng/g (mean = 0.728 ng/g + 0.095SE)
(Figures 9-10; Table A2). Mean MeHg sediment concentrations were significantly higher in 2023
compared to the mean MeHg in 2017 (0.200 ng/g + 0.031SE) (paired-sample t-test, t(14) =-5.476, p <
0.0001). Composite sites in 2023 with the highest MeHg concentrations were sites 3&4, and 5&7 (Figure
9). These sites are all found on the west end of town, mainly along the Brookdale sewer line. There are
no PSQG values for methylmercury, except that it is dangerous due to its ability to biomagnify in aquatic
organisms. No significant difference was found between sampling months (p=0.599) and sites (p= 0.183).

Catch basin Sediment Organic Matter Concentrations

Loss-on-ignition at 550°C (LOlsso) provides estimates of the organic matter content of sediments. LOlssg
results ranged from 2.4 to 39.8% (mean = 12.9% + 1.5SE) organic content (Figure 11, Table A4). Catch
basin sites 2 and 5 remained relatively consistent in LOlsso throughout the sampling months, while other
sites showed relatively large fluctuations (sites 1, 7, 9, 10) (Figure 11). A weakly positive but non-
significant relationship was observed between log LOlsso vs log THg (R? = 0.169, p = 0.196, n = 60). This
finding was similar to previous studies on shoreline sediment (Razavi et al., 2015; Windle and Ridal, 2016)
where relationships between LOI and THg were positive. There were no significant relationships between
LOlssp and MeHg.

13 — River Institute — Contaminant Assessment In City of Cornwall Sewers and Catchbasins



Catch basin Sediment Grain Size

Grain size provides information on the size characteristics of the sediment (e.g., silt, sand, and clay
fractions). The clay, silt and sand fractions of the sediment samples ranged from 0.56 to 43.72% (mean =
13.42% + 3.03SE), 4.48 to 55.8% (mean = 25.57% + 4.11SE), and 0.48 to 92.55% (mean = 60.65% +
6.96SE), respectively (Figure 12; Table A3). Sand was the dominant grain size at composite sites 1&2, 5&7,
6&8, and 9&10. Finer sediments (clay and silt) dominated at composite site 3&4. Previous research has
shown that mercury is more strongly associated with finer sediments (Hodson et al. 2014). Linear
regressions were conducted to investigate whether the log-transformed proportion of fine sediments
(i.e., clays and silts) is a significant predictor of log-transformed sediment THg content, and revealed a
positive non-significant relationship (R?=0.16, p = 0.139, n= 15). A significant relationship was observed
between log %fines vs log MeHg (R?= 0.769, p = <0.000, n = 15). Weak negative relationships were
observed between log %sand and log THg (R?=0.007, p = 0.767) and log %sand and log MeHg (R?=0.208,
p =0.088).

Catch basin Sediment Trace Metal Concentrations

Trace metal analysis was completed on composite sediment samples (Figure 13A-13H). The ten sites were
combined into five composite samples from June and August and were analyzed as sediment and can
therefore be compared to the provincial sediment quality guidelines (PSQG). Trace metal concentrations
for Copper in catch basin sediment were higher than the SEL at a number of locations (Two Composites —
Site 9and10 both months, site 3&4 August only)) with some differences apparent between sampling
months (Figure 13B). Several sites were also between the LEL and SEL for trace metal concentrations (Cr,
Cu, Ni, P and Zn) during both months sampled (Figure 13B).

Rain Event Effluent THg and MeHg Concentrations

The effluent water collected from the five storm sewer sites after rain events on July 14", July 271 2023
and October 11%, 2023 were analyzed for THg (filtered and unfiltered), MeHg and TSS. THg was analyzed
as unfiltered and ranged from 0.41 to 4.30ng/L (mean = 1.27ng/L + 0.11SE). These results are consistent
with a previous study on storm/combined sewer water testing (Ridal et al. 2012), where results for
unfiltered Hg were within the range of 7.68 to 161ng/L, with significantly higher THg concentrations
observed during combined sewer overflow events. MeHg ranged from 0.02 to 0.14ng/L (mean =0.06ng/L
+0.01SE). Similarly, concentrations for MeHg in 2012 (Ridal et al. 2012) and 2017 ranged between 0.11
and 0.16ng/L and 0.13 to 0.42ng/L, respectively, which shows slightly lower MeHg concentrations during
this sampling event. TSS ranged from 2 to 80 mg/L (mean = 13.01mg/L + 7.48SE). There was no
significant relationship between TSS and unfiltered THg (R? = 0.01, p = 0.778, n=10; Figure 14). Previous
studies on urban stormwater have found strong relationships between THg and TSS indicating that the
particulate-bound mercury was the main source of mercury in an urban setting (Eckleya and Branfireuna,
2009).
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Conclusions and Recommendations

The sampling of catch basin sediments in 2023 revealed THg concentrations consistently above the LEL in
the catch basin near the intersection of Brookdale Ave. and Water St. E (Site 5), while all other sites had
concentrations below the LEL threshold. These outcomes were similar to the results from sampling
conducted in 2017 (Waller et al., 2018), showing a persistency of THg concentrations and a consistency of
spatial patterns over time. The results at the Brookdale Ave. catch basin are highly localized and likely a
result of the site’s close proximity to past industrial sites (ICl and Domtar). The effect of emissions from
vehicle traffic causing the contamination can be ruled due other catch basins sampled being in high
density traffic areas as well. It is noted that while THg concentrations at the Brookdale Site 5
demonstrated a declining trend from 2017 to 2023, composite 5&7 (Brookdale Ave. and Water St. E, and
Waterfront Trail in Lamoureux Park catch basins) showed a significant increase in MeHg concentrations
over the same time period, which was consistently higher across all months sampled. Given that MeHg
concentrations in Zone 1 sediments and YOY fish continue to be elevated (Holden et al., 2024), it is
recommended that catch basin inputs to this zone continue to be monitored as a possible continuing
source of Hg. Trace metal concentrations surpassed the PSQG on several occasions depending on
sampling month and catch basin.

Effluent sampled during the rain event showed similar concentrations of THg and MeHg to previous
studies (Ridal et al., 2013). These findings suggest a consistent yet small output of Hg to storm sewers and
to the nearshore St. Lawrence River during rain events. According to Lessard et al. (2014), these storm
events have an impact on the balance of mercury in the AOC by supplying more particulate mercury and
that a projected increase in storm frequency due to climate change will have an influence on mercury
dynamics. It is unknown to what extent these sources contribute to continued observations of mercury in
fish collected in the Zone 1 (Holden et al., 2024).

Due to the findings of this study, the following steps are recommended:

e Further measurements of storm water samples at the Brookdale site to characterize range of Hg
results

e Further analysis to determine mercury isotope signatures to help determine industrial inputs.

e (Catch basins be cleaned out on a regular basis, with the highest cleaning frequency for those
closest to the past industrial lands.

e (SS Committee to discuss options to further engage site owners to undertake further investigate
of on-site sources of Hg and possible mitigation
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Figures

Figure 1: Map of contaminated sediment in nearshore and past locations of sources of industrial
contamination.
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Figure 2: A) Diagram showing stormceptor design. B) View of stormceptor from road level along with
inlet where the sludge judge sampler was inserted.
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Figure 4: Sewer outflows near the zone 1 contaminant zone.
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Figure 5: Photos of sludge judge used for catch basin sampling.
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Figure 6A: Catch basin total mercury (THg) sediment concentrations (ug/g dry) by sampling month. The
red line indicates the PSQG lowest effect level for THg of 0.2 ug/q. The severe effect level for THg is 2

Ug/g.
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Figure 6B: Catch basin total mercury (THg) sediment concentrations (ug/g dry) by sampling month and
year. The red line indicates the PSQG lowest effect level for THg of 0.2 ug/g. The severe effect level for

THg is 2 ug/g.
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Site

Figure 7: Average catch basin total mercury (THg) sediment concentrations (ug/g dry) including 95%
confidence intervals. The red line indicates the PSQG lowest effect level for Hg of 0.2 ug/g. The * symbol
denotes significant difference.
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Figure 8: Average THg sediment concentrations (ug/g dry) at site 5 and in Zone 1 over 5 years. The green
line indicates the PSQG lowest effect level for THg of 0.2 pug/g. The red line indicates the severe effect
level for THg is 2 pg/s.
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Figure 9A: Catch basin Methylmercury (MeHg) sediment concentrations (ng/g dry) weight by sampling
month.
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Figure 9B: Catch basin Methylmercury (MeHg) sediment concentrations (ng/g dry) weight by sampling
month and year.
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Figure 10: Mean catch basin Methylmercury (MeHg) sediment concentrations (ng/g dry) weight
including 95% confidence intervals.
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Figure 11: Loss on ignition (%L0I1550) results by site and month.
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Figure 13A: Sediment Chromium trace metal results according to the provincial sediment quality
guidelines. The green line indicates the PSQG lowest effect level for Cr of 26 ug/g. The severe effect level
for Cris 110 ug/g.
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Figure 13B: Sediment Copper trace metal results according to the provincial sediment quality guidelines.
The green line indicates the PSQG lowest effect level for Cu of 16 ug/qg. The red line indicated the severe
effect level for Cr of 110 ug/g.
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Figure 13C: Sediment Iron trace metal results according to the provincial sediment quality guidelines. The
green line indicates the PSQG lowest effect level for Fe of 20000 ug/q. The severe effect level for Fe is
40000 ug/g.
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Figure 13D: Sediment Lead trace metal results according to the provincial sediment quality guidelines.
The green line indicates the PSQG lowest effect level for Pb of 31 ug/q. The severe effect level for Pb is
250 ug/g.
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Figure 13E: Sediment Manganese trace metal results according to the provincial sediment quality
guidelines. PSQG lowest effect level for Mn is 460 ug/g. The severe effect level for Mn is 1100 ug/g.
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Figure 13F: Sediment Nickel trace metal results according to the provincial sediment quality guidelines.
The green line indicates the PSQG lowest effect level for Ni of 16 ug/qg. The severe effect level for Ni is 75

Ug/g.
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Figure 13G: Sediment Phosphorus trace metal results according to the provincial sediment quality
guidelines. The green line indicates the PSQG lowest effect level for P of 600 ug/g. The severe effect level

for P is 2000 ug/g.
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Figure 13H: Sediment Zinc trace metal results according to the provincial sediment quality guidelines.
The green line indicates the PSQG lowest effect level for Zn of 120 ug/q. The severe effect level for Zn is
820 ug/g.
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Figure 14: Relationship between total suspended solids (TSS; mg/L) and unfiltered total mercury (THg;
ng/L) in water samples collected after a rain event (July 27" and October 11%, 2023).
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Tables

Table 1: List of sampling sites (catch basin sites = 1 to 10 and storm sewer sites = A to E) including closest

intersection and GPS location.

Site Location GPS Location (UTM Zone 18N)
1 Gail Elizabeth Ct. and Blessed Sacrament Dr. 520076, 4988515
2 Tollgate Rd. E. and Pitt St. 519697, 4988051
3 Brookdale Ave. and Alma Ave. 518932, 4987039
4 Seventh St. near Benson Centre 519619, 4985167
5 Brookdale Ave. and Water St. E. 520576, 4984310
6 First St. W. and Pitt St. 521381, 4984842
7 Waterfront Trail in Lamoureux Park 521595, 4984474
8 Kirkman Ct. south of Montreal Rd. 523826, 4985047
9 Montreal Rd. in front of Glen Stor Dun Lodge 524973, 4985855
10 | Hamilton Cres. 523998, 4987564
A Brookdale Ave and Water St E 520577,4984328
B Twelfth St 521914, 4987316
C Fly Creek 524012, 4987569
D Grays Creek 526456, 4986935
E Second St. near Benson Centre 520039, 4984695
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Table 2: THg (ng/L), MeHg (ng/L) and TSS (mg/L) results from storm event sewer water collection. Four
samples were collected at each site following a storm event with the average result at each site shown

below.
THg
Unfiltered MeHg TSS

Site (ng/L) ppt mg/L
A-July 14, 2023 0.6907 0.0321 -
A-July 27, 2023 3.7753 | 0.0643 3
A-Oct 11,2023 0.7841 | 0.0277 3
B-July 14, 2023 0.9544 | 0.0332 -
B-July 27, 2023 1.7231 | 0.1145 80
B -Oct 11, 2023 1.0393 0.0368 8
C-July 14, 2023 1.5957 | 0.1079 -
C-July 27, 2023 0.9709 | 0.0479 9
C-0Oct 11, 2023 0.6927 | 0.0311 6
D-July 14, 2023 1.4430 | 0.1380 -
D-July 27, 2023 1.5186 0.1339 11
D-0Oct 11, 2023 0.8878 | 0.0485 5
E-July 14, 2023 0.5066 0.0473 -
E-July 27, 2023 1.9016 | 0.0551
E-Oct11, 2023 0.5972 | 0.0204
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Appendix

Table A1: Catch basin total mercury (THg) sediment concentrations (ug/g dry) by sampling month.
Samples highlighted in red surpass the PSQG lowest effect level of 0.2 ug/g for THg.

June August October
Site Location 2023 2023 2023
1 | Gail Elizabeth Ct. and Blessed Sacrament Dr. 0.0591 0.0073 0.0356
2 | Tollgate Rd. E. and Pitt St. 0.1350 0.0684 0.0718
3 | Brookdale Ave. and Alma Ave. 0.0773 0.0637 0.0461
4 | Seventh St. near Benson Centre 0.0482 0.0503 0.0432
5 | Brookdale Ave. and Water St. E. _—
6 | First St. W. and Pitt St. 0.0531 0.0588 0.0295
7 | Waterfront Trail in Lamoureux Park 0.0149 0.0689 0.0328
8 | Kirkman Ct. south of Montreal Rd. 0.0134 0.0231 0.0170
9 | Montreal Rd. in front of Glen Stor Dun Lodge 0.0254 0.0193 0.0547
10 | Hamiton Cres 0.0269 0.0378 0.0360
Table A2: Methylmercury (MeHg) sediment concentrations (ng/g dry) weight for catch basin sediments.
Site | Location 23-Jun | 23-Aug | October
Gail Elizabeth Ct. and Blessed Sacrament Dr.
1&2 0.6513 | 0.8235 0.7155
Tollgate Rd. E. and Pitt St.
Brookdale Ave. and Alma Ave.
3&4 1.3134 | 1.2296 0.892
Seventh St. near Benson Centre
Brookdale Ave. and Water St. E.
58&7 0.8444 | 0.9584 0.8127
Waterfront Trail in Lamoureux Park
First St. W. and Pitt St.
6&8 . 0.5125 | 0.4076 0.0908
Kirkman Ct. south of Montreal Rd.
Montreal Rd. in front of Glen Stor Dun Lodge
9&10 1.1477 | 0.3037 0.2142
Hamilton Cres.
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Table A3: Catch basin sediment grain size (um) percentages by site and month for clay, silt, and sand

fractions.
June August October
Site Clay Silt Sand Clay Silt Sand Clay Silt Sand
1&2 6.96 14.54 78.5 14.7 34.7 50.6 7.85 18.41 72.8
3&4 43.72 55.8 0.48 | 2291 | 49.3 | 27.79 24.39 42.9 32.2
5&7 11.8 16.3 71.9 13.92 244 | 61.68 27.907 43.8 28.19
6&8 4.49 13.21 82.3 4.7 12 83.3 0.57 4.48 92.55
9&10 8.02 24.68 | 67.3 7 20.6 72.4 247 8.5 87.7
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Table A4: Catch basin sediment loss-on-ignition results at 550°C (LOI550) and relative percent difference

(RPD) for duplicate samples.

RPD LOI RPD LOI RPD LOI
LOI 550C (%) October | 550C Aug 550C June 550C
1| GeCTA 3.7 8.2 24.1
1| GeCTB 7.1 2.5 17.2
2 | Toll-Pitt A 9.0 8.2 12.2
2 | Toll-Pitt B 11.2 10.6 14.8
3 | Brook-Alma A 23.6 22.0 18.6
3 | Brook-Alma B 21.2 21.5 25.1
4 | Sev-Bens A 16.1 6.7 14.5 23.7 14.3
4 | Sev-Bens A DUP 15.1 - 20.5
4 | Sev-Bens B 4.0 18.8 18.3
5 | Brook Water A 7.0 6.1 10.6
5 | Brook Water B 11.9 11.7 26.1 12.3
5 | Brook Water B DUP - 9.0 -
6 | First W Pitt A 3.1 19.1 14.9
6 | First W Pitt B 2.1 5.2 9.5
7 | Water Lam A 7.5 4.7 26.1 44.6 3.50
7 | Water Lam A DUP 7.9 - 43.1
7 | Water Lam B 12.5 6.5 26.1 35.0
7 | Water Lam B DUP - 5.0 -
8 | Kirk S Mont A 2.5 4.9 7.8
8 | Kirk S Mont B 2.4 3.2 8.9
9 | GlenA 2.9 8.3 23.7
9| GlenB 2.8 2.7 28.9
10 | Ham Cres A 9.2 3.9 18.3
10 | Ham Cres B 17.6 5.7 19.3
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Table A5: Trace metal concentrations guidelines according to the provincial water quality objectives
(PWQO) and the provincial sediment quality guidelines (PSQG) lowest effect level (LEL) and severe effect

level (SEL).

Trace Metal PWQO Concentration (ug/L)
Aluminum 15 (ifpH4.5-55) / 75 (ifpH>6.5t09)
Beryllium 11 (if <75mg/L hardness) / 1100 (if >75mg/L hardness)
Cadmium 0.1 (if 0-100mg/L hardness) / 0.5 (if >100mg/L hardness)
Chromium 1 (for hexavalent chromium) / 8.9 (for trivalent chromium)
Cobalt 0.9

Copper 1 (if 0-20mg/L hardness) / 5 (if >20mg/L hardness)
Iron 300

Lead 1 (if <30mg/L hardness) / 3 (if 30-80mg/L hardness) / 5 (if >80mg/L hardness)
Molybdenum 40

Nickel 25

Silver 0.1

Vanadium 6

Zinc 30

Trace Metal PSQG LEL (ng/g) PSQG SEL (ug/g)
Arsenic 6 33
Cadmium 0.6 10
Chromium 26 110
Copper 16 110
Iron 20000 40000
Lead 31 250
Manganese 460 1100
Nickel 16 75
Phosphorus 600 2000
Zinc 120 820

36 — River Institute — Contaminant Assessment In City of Cornwall Sewers and Catchbasins




	List of Figures
	List of Tables
	Executive Summary
	Acknowledgements
	Introduction
	Background:
	Project Rationale:

	Methods
	Sediment and Water Sampling Locations
	Mercury Analyses
	Trace Metal Analyses
	Organic Matter Analyses
	Grain Size Analyses

	Results and Discussion
	Catch basin Sediment THg and MeHg Concentrations
	Catch basin Sediment Organic Matter Concentrations
	Catch basin Sediment Grain Size
	Catch basin Sediment Trace Metal Concentrations
	Rain Event Effluent THg and MeHg Concentrations

	Conclusions and Recommendations
	References
	Figures
	Figure 1: Map of contaminated sediment in nearshore and past locations of sources of industrial contamination.
	Figure 2: A) Diagram showing stormceptor design. B) View of stormceptor from road level along with inlet where the sludge judge sampler was inserted.
	Figure 3: Sampling sites for the 2023 study (catch basin sites = 1 to 10 and storm sewer sites = A to E).
	Figure 4: Sewer outflows near the zone 1 contaminant zone.
	Figure 5: Photos of sludge judge used for catch basin sampling.
	Figure 6A: Catch basin total mercury (THg) sediment concentrations (µg/g dry) by sampling month. The red line indicates the PSQG lowest effect level for THg of 0.2 µg/g. The severe effect level for THg is 2 µg/g.
	Figure 6B: Catch basin total mercury (THg) sediment concentrations (µg/g dry) by sampling month and year. The red line indicates the PSQG lowest effect level for THg of 0.2 µg/g. The severe effect level for THg is 2 µg/g.
	Figure 7: Average catch basin total mercury (THg) sediment concentrations (µg/g dry) including 95% confidence intervals. The red line indicates the PSQG lowest effect level for Hg of 0.2 µg/g. The * symbol denotes significant difference.
	Figure 9A: Catch basin Methylmercury (MeHg) sediment concentrations (ng/g dry) weight by sampling month.
	Figure 10: Mean catch basin Methylmercury (MeHg) sediment concentrations (ng/g dry) weight including 95% confidence intervals.
	Figure 11: Loss on ignition (%LOI550) results by site and month.
	Figure 12: Sediment grain size proportions according to clay, silt and sand fractions.
	Figure 14: Relationship between total suspended solids (TSS; mg/L) and unfiltered total mercury (THg; ng/L) in water samples collected after a rain event (July 27th and October 11th, 2023).

	Tables
	Table 1: List of sampling sites (catch basin sites = 1 to 10 and storm sewer sites = A to E) including closest intersection and GPS location.
	Table 2: THg (ng/L), MeHg (ng/L) and TSS (mg/L) results from storm event sewer water collection. Four samples were collected at each site following a storm event with the average result at each site shown below.

	Appendix
	Table A1: Catch basin total mercury (THg) sediment concentrations (µg/g dry) by sampling month. Samples highlighted in red surpass the PSQG lowest effect level of 0.2 µg/g for THg.
	Table A2: Methylmercury (MeHg) sediment concentrations (ng/g dry) weight for catch basin sediments.
	Table A3: Catch basin sediment grain size (μm) percentages by site and month for clay, silt, and sand fractions.
	Table A4: Catch basin sediment loss-on-ignition results at 550 C (LOI550) and relative percent difference (RPD) for duplicate samples.
	Table A5: Trace metal concentrations guidelines according to the provincial water quality objectives (PWQO) and the provincial sediment quality guidelines (PSQG) lowest effect level (LEL) and severe effect level (SEL).


