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2.2.3.3

(Bedard 1998)

text Add: " When Wmds are from the east, Zone3isa
ZONE 3 - high energy area subject to wave action and jce
Tank Farm/Oit scouring (Richard David, Mohawk Governments of
Tank Storage Akwesasne, pers. comm.).”
Area '
33-34 | 2.4.2 text The contaminant concentrations provided are all dry
Contaminants weight concentrations (change “pg/g” to “Hglg dry
in Suspended weight”),
Matter
Table 23 | Change units In column heading “Mean total Hg in
suspended matter"from pig/g wet wi to pg/g dry wt,
51 2.6 Table 28 | In the 1895-1896 column:
Upstream * mean mercury concentration (particulate) should
Loading of read 218 ngfg (not 218 Pglg).
Mercury - annual mercury load (dissolved and particulate) at
Moses-Saunders Dam should read 116 kg/year
{not 112 kg/day)
« calculated upstream mercury loading to north
channel at Cormwali should read 108.2 g/day (not
104.3 g/d).
56 3.1 para, 4 & | Delete "M. Eckersley, MNR, pers. comm. cited in". The
Mercury in Table 31 | reference should read "Dreier et al. 1997".
Sport Fish )
Table 31 | Change value for the age of a 50 cm walleye In Lake
St Lawrence from 63 to 3-4 years.
55-68 | 3.1 text & Change Lalonde (1999) {o Lalonde (1998).
Mercury In Tables
Sport Fish 33A, 33B
74-80 1 3.3.1 Table 35, | Bedard (1998) should read Bedard (1998).
Toxiclly & Blo- | 36, 37,
accumulation |39 &40

Table 38

To the table tille, add "Source: Bedard (1999).”




Table 39

End of second line of the table title should read
“ .associated biola-sediment accumulation factor
(BSAF)",

Reword column heading “Ratio of to_t_al;m_eréwyfr OC in

91 |3.35 Benthic | Table 46 _
‘Invertebrate sediment” to “Total mercury/TOC ratio in sediment”
| Toxieity and for clarity (the ratio uses sediment values of total
Contaminants, mercury and TOC).
- 1991 | | .
87 |5, -Re'f‘efié;hcés Change “Lalonde, J. 1899." {o "Lalonde, J. _-?998.”
n/a | Figure 103 Figure Labels are missing for two stations (SGBA. 370A).
103 Station 368A should be the red dot immediately Inshore

from and mostly overiapped by the dot for 368; station
370A is the unlabelied red dot shown inshare from 370.
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Table 20 continued:

ENV.CAHN| AL co CR cuf FE HG TEN NI PBE ZN Total P TOC
STH | uglg tglg ugig uglg uglg ugig ualg U /g ugly tglg uglg %
#
€51714 18600 0.690 35.56 31.3. 19100 0.44 359 20.6 28.6 - 118~ 918 2.016
C8172 31200 1.120 58.8 48.1 - 26600 Q.62 439 341 4407 3507 1120 3.340
CS173 32700 1210 | 58.4 46,1 | 28900 0.13 489 34:8 39.3 185 1150 3.130 -
CS175 28200 1.020 52.4 38.7 26500 0.08 454 30.4 375 1386 _ 1080 2.532
C8175-B| 23000 1.360 48.5 364 21600 0.24. 359 a0.8 46.8 131 931 2248
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Lowest Effect Leval 0.8 25 16 F A 6.2 460 18 EE 120 600 %
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Tabie 20. Melal, lotal phosphorus and TOC concentrations {
St Lawrence River, 1997, (n=1). B - boliom 10 em of the cor

pgig-dry-weight) in sediment samples (lop 10 cm core sample) collecied from the
ple (iop 3 emn). (Source: Richman 1938),

e. 5 - surfgce sam
EYR T %Mamﬁ.\m . CHEBEER 35 F e
ENV.CAN AL CD LR Cu FE HG N Mi PB ZH Total P TOC
STR uglg ugly. "y uglg uglg tgig uglg gy uglg Lol ugly uglg %
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C3105; 19600 0.852. 46.8 454 19300 1.67 295 26.8 833~ 600 - 761 2,926
CS109: | 16500 170 440 554~ 18600 483" 252 25.2 138.0 759 ~ 538 2.872
C5108.5 19600 - .829 49 1 55,6 18600 579 ** 317 261 186.0 - £73 - 1020 2.753
-CSH15 15400 1.450 41.8 57.9- 16400 3.66* 281 26.6 50.8 503 678 2.448
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ESTIMATED MASS OF MERCURY, ZING, COPPER AND LEAD
IN ZONES 1, 2,3 AND 4

The table below contains the estimated mass of mercury, zinc, copper and lead for each of
zones 1, 2, 3and 4.

The cafculaimns are based on fhe followmg assumptions.

1.

For Znnes 1 2 3 and 4 ail of the metal cc:mcentrailons are assurned to be in the finer
sedirments, i.e. mud and muddy sands, For this reason only the combined volume of
mud and muddy sands was used in the calculations

For Zones 1, 2, 3 and 4,_t_h'e d_@‘.ﬂSI_Ey of lhe_'mud and muddy sands is assumed to be 1.37
kgfl (or 1370 Kg/m®) and this densily is assuméd to be similar throughout the depth of
finer sediment.

For Zones 1, 2 and 4.three concentrations (mean, min. and max) for each of the four
elements were. assumed for the entire mud and muddy sand deposits. These
concentrations were derived on a zone by zone basis Using all 1997 data which includes
concentrations of metals in surface grab, core top and core bottom sarnples {Note: no
coring In Zone 2 was performed in 1997. Eslimates of elemental mass in this zone are
based on surface grab and top 10 cm samptes and for this reason these estimates of
elemental mass may be low, Additional work is needed to perform similar estimaltes of
elemental mass based on the1994 data, which includes extens;m cormg)

For Zone 3, estimates of elemental mass were calculated ussng mean concentrations
derived from samples collected in 1992, ‘93 and ‘99 and the maximum concentralions
from all of the combined years (i.e., ‘92 to '99). (Note: the ‘99 samples were composite
samples of a 20 cm deep swath of sediment as compared to the ‘92 and ‘93 samples
which were 2-5 cm surface samples. For this reason the ‘99 sampling detected higher

mercury concentrations).

ELEMENT ' MASS in Kg
MERCURY | mean 78
| m.in. 3
| Max 3741
ZING  |mean | 3380
' min 2100
L max 5106
COPPER mean 1179

—-
-
et



min

579

max

2051

LEAD

mean

1114

min

588

max

2010

Element

Mass in Kg

MERCURY

mean

799

min

130

max

3173

ZINC

mean

53568

min

11228

max

123505

Copper

mean

6605

min

2750

max

| se10

LEAD

{10622

Mean

fmir.

3206

Max

Element

| Mass in Kg

MERCURY

igo _f_ﬁea’n

1.6

5‘93 mean

2.1

‘99 meah_ :

29.7

max,

| 72.4

zine

‘92 mean

522

) _‘93 mean

538

‘09 rean

449

max.

1316




Copper '02 mean 200
‘93 mean 250
‘99 mean 148
max. 1053

LEAD ‘92 mean 176
‘03 mean 268
‘99 mean 132
max, 1053

Element Mass in Ky
MERCURY | mean 27.31
min 15.61
max 46,82
ZINC mean 25123
min 21067
max 30431
Copper mean 7221.55
min 5852.15
max 9032
LEAD Mean 6728
min. 5130
Masx 9129
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Figure 1. St. Lawrence River, Ontarlo to Quebec, with study area outlined in red (lop).
Enlarged map of Cornwall, Ontario waterfront study area (below).
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Figure 3.  Site map of 1999 currents profile study area. Source: Coastal Ocean
Associates (1999).

Figure 4. Depth-averaged mean velocily at each ice hole, Length of line is proportional
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Doppler current profiler (ADCP) readings were taken. Location of study
area shown as inset in Figure 3. Source: Coastal Ocean Associates (1999),
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Rukavina (2000).
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(2000).
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el from sediment core and grab samples, Source: Rukavina (2000).
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using 1993-1998 RoxAnn mapping data. Source: Rukavina (2000).

Figtre 10.  RoxAnn bottom types in Zone 1 (Lamoureux Park boat launch). Source;
Rukavina (2000).
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computed by GIS polygon analysis of data from sediment core or grab
samples taken at locations indicaled by black dots. Source: Rukavina (2000),

Figure 12,  Sediment thickness In Zone 1 (Lamoureux Pérk boat launch). Computed
by GIS polygon analysis of data from sediment core or grab samples taken
at locations Indicated by black dots. Source; Rukavina {(2000).

Figure 13,  Average bathymetry (water depth) in Zone 2 (Windmill Point to Pilon Island)
using 1993-1998 RoxAnn mapping data. Source: Rukavina (2000),
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Grain-size distribution in Zone 2 (Windmill Point to Pilon Island). Distribution
computed by GIS polygon analysis of data from sediment core or grab
samples taken at locations indicated by black dots. Source: Rukavina (2000).

Sediment thickness in Zone 2 (Windmill Point to Pilon Island). Computed by
GIS polygon analysis of data from sediment core or grab samples taken at
locations indicated by black dots. Source: Rukavina (2000).
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(2000).
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locations indicated by black dots. Source: Rukavina (2000).
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1. INTRODUCTION

1.9 Purpose of the Review

The purpose of this review Is to provide a state of the environment report on sediment in the
5t. Lawrence River at the Cornwall waterfront. It is meant 1o be used as a handbaook for
deciding on the best approach 1o, managing areas of contaminated sediment at the
waterfront. The a‘epor{ compiies and summarizes the results of numerous studies of
sediment quaE;ty and related environmental conditions that have been completed in the north
channel of the St, Lawrence River at Cornwall since the 1970s. Figure 1 shows the area
under consideration, which stretches from the. Lipstream (west) end of Cornwall Island to the

wes! SIde of P!Icm Isiand

1.2 Backgruund

Cornwall, Ontario has been a centre of mdustnal actlwty smce around the turn of the 20"
century. A cluster of industries developed here on the north shore of the St. Lawrence,

taking advantage of the large volume of fresh water available forindustrial processes and
effluent dilution and dispersion. Three main industries operated plants at the Cornwall
walerfront—a pulp and paper mill (1881-present), a chlor-alkali manufacturer (1935-1995)
and a rayon manufacturer (1925-1992). The former two produced materlals {(pulp and
sodium hydroxide) used in the rayon manufacturing process of the iaﬂer Company’ names
have varied somewhat aver time but for clarity the following names are used throughout this
document; Domtar (pulp & paper); ICl or {Cl Forest Products (chlor-alkali); and Gourtaulds or

Courtaulds Fibres (rayon).

Over the decades of industrial aperations at Cornwall, persistent toxic contaminants such as
mercury that were discharged into the St. Lawrence River have accumulated in sediment
along the Cornwall waterfront. The sediment also contains contaminants from non-point
sources such as urban and rural surface runoff and contaminants of upstream origin
transported from Lake Onlario in St. Lawrence River waler and suspended Solids. The
presence of contaminated sediment in the Cornwall area has been documenled since 1970,
the date of the first sedimant quality survey. Since then there have been many studies of
sediment quality and related environmental conditions along the Cornwall waterfront and

downstream into Lake St. Francis,

fn 1885, the Cornwall-Massena section of the St, Lawrence River was designated a Great
Lakes-Bt. Lawrence Area of Concern (AOC) by the International Jolnt:Camimission.
Separate Remedial Action Plans (RAPs) were developed for Canadian and US areas of
concern in this section of the St. Lawrence River. The Ganadian AOC stretches from the
Moses-Saunders Power Dam in the west, through the north channel of the river at Cornwall
and downstreamn throughout the northern portion of Lake St. Francis to Valleyfield, Quebet.

Recommendations of the St, Lawrence River (Cornwall) RAP were documented in the Stage
2 Repert which was released in 1997 (Dreier et al. 1997). The RAP was developed through
an in-depth process of public, inter-agency and international consultation and includes
recommendations for addressing problems of contaminated sediment. Recommendations
#16 and #17 concern contammated sediment in the Canadian section of the St. Lawrence

River



#16 In areas where contaminant levels In sediment are below the severe affact
lave] bul above the lowest effect level, implameant source control measures
to prevent further contamination of sediment and -allow remediation of
cortaminated sadiment to occur by means of burial by the natural
sedimentation process.

#17 In areas where confaminant levels in sediment exceed the severe effect
levelfor mercury, PCBs or other persistent toxic conlaminantis or where the
sediment Is found to be acttely loxic (i.e., the "hot spots”), prevent further
contamination by implementing source control measures and remediate
sediment by the most appropriate state-of-the-art technology (e.g.,
dredging, capping, in situ treaiment).

in the 1990s, further contamination of sediment from major local point sources was stopped
with the closure of the rayon and chlor-alkali plants and the Installation of secondary
treatment of waslewater at the pulp and paper plant. Serious consideration can therefore
rnow be given to implementing the remainder of Recommendations #16 and #17 as
appropriate,

The first step is to review and interpret as a whole the large body of technical information
collected since 1970 in relation to sediment contamination at Cornwall, This handbook
reviews the information to provide a framework for making decisions regarding appropriate
management of conlaminated sediment along the Cornwall waterfront.



2, WATER, SEDIMENT, AIR

2.1 Rates, Distribution and Direction of Flow

The St. Lawrence River flow rate immediately Upstream of the Moses-Saunders Power Dam
ranged from 5660-8905 m*/s between 1960 and 1980 (MOE unpublished data). Mean
annual flow was 7657 m/s over the 1985-1995 penﬂd {St.'Lawrence River Committee on
Gauging 1985-1995). In the penod between July 15,1998 and July 15, 1999 the flow
randed from 4690-10,240 mﬁfs with a mean N I or 7465 m‘*/s (Ruka\nna 2000),

Below the dam, the river splits into two channals atthe upstr@am end of Cornwall Island and
rejoms into a single channel at the downstream and of isle Sl Regis, About one-third of the

channel near Massena as shown In I‘igure 2, Table ( shows rates and distribution of flow.

i M_assena area,

Table1.- Ralesand distribution of ﬂow in the St Lawmnce Rtver Cu '

Observed distributmn 1 Year | Gals eferonce for%flow
' ofﬂaw ST _:.observed e rats " measurements

N. channel 34.5% 1989 N.channel 2642 ""r'sanis ol al. (1991)

S, channe) 65.6% 2K 0 G

N.channel 30.2% 1891 N.channel 2312 | P, Netlleton, MOE

S. channel 69.8% (unpubisshed 1991 data)

! Calculated using an cbserved ten year mean flow rate (1985- 1995) cf 7657 m"‘!s (St
Lawrence River Committee on Gauging 1985-1985)

Current velocities and direction immediately offshore from Courlaulds were investigated in
1976. This was done to determine design criteria and location for new waste outfall facilities
(diffusers) for the Courtaulds plant, which were installed in 1978. Using an-shore instrument
stations, a motorboat in the river fracked and mapped the routes of flagged fioats attached
to large sheel metal vanes extending several feet below water, Winds were light at the time
of observation, varying from negligible to 3-4 knots (5.6-7.4 km/h) from the west. The floats
were started upstream of the Courtaulds property at varying distances from shore (Richards

& Associates 1976).

According o Richards & Associales {1976),

the fieal tracking showed up dramatically the fact thal at the localion of the present
[shore-based) oulfall pipes and for several hundred fee! from shore there exisls a
guiescent or backwaler zone with only very slight water movement. One
fioat...which was started 150 feet from shore upstream of the outfall drifted slowly
upstream and toward shore. Anather..., at 275 feet from shore, moved downstream
at the extramely slow rate of 0.15 feet per second, or about 4/10 of a mile per hour,
At 600 feet from shore the velocity was still only 0.5 feet per second.

A "marked change in velocily at about 700 feet from shore" was explainad by the presence
of Windmill Paint which “deflects the river current and creates a sheltered quiescent area
along the Courtaulds walerfront”, The report also notes that additional observations made In
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conditions of “strong east winds showed that the waste plume from tha broken discharge
pipes [i.e., the shore-hased outfalls] extended several hundred feet upstream along the
shoreline. Beyond the 600-foot zone, east winds would have no significant effect on
currenis” {Richards & Associates 1976).

19988 Flow Direction and Velocity Measurements

In 1999, further measurements of flow rates and direclions through the water column at the
Cornwall waterfront were done using state-of-the-art acoustic equipment. Environment
Canada, National Water Research Institule stafl collected data on currenis in the St
Lawrence River adjacent to the former Courtaulds Fibres site (Figure 3) using an acoustic
Doppler current profiler (ADCP). Internal processing by the ADCP resulted in estimates of
current velocity within several one meter thick layers ("bins"} in the water column from near
the surface to near the bottom. A tolal of 98 data sets were collected through holes in the
ice on February 16, 17 and 18, 1999. Each data set represents approximately 5 minutes of
data.

The data were processed, screened for quality and averaged over time and over ali valid
depths. For each site, profiles of velocily (east/west, north/south, and vertical) were
calculated by averaging all of the data ensembles within each bin to obtain mean current
speeds, error velocities and associated standard deviations. Data collection, pracessing and
results are described in detail in Coastal Ocean Associates (1999).

Visual examination of the processed velocity data (89 profiles) showed that vertical current
was very weak. Horizontal currents were nearly uniform from top to bottom, so the depth
averaged values are representative of the entire water column at each observation site.
Depth and time averaged currents are mapped In Figure 4. The currents were rather weak
(< 10 crris} and the weakest cuirents occurred near the shore, Moreover, flow was in the
upstream direction in many instances as shown in Figure 4 (Coastal Ocean Assaciates
10889),

o, s, en
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2.2 Bottom Sediment Type, Thickness and Stahillty

The physacal properties and stability of Cornwall waterffont sediment were intensively
studied for six years beginning in 1993 by N. Rukavina, Environment Canada, National
Water Research Institute (NWRY). Information on the location, thickness, volume and
s’tabmty of fine-grained sedlments was obtanned from a combEﬂahon of acous’uc mapplng,

acoustic momloring of sediment stabilsty (Rukawna 2{}00)

Areas of fine gralned sediment were of primary | mterest because contaminants tend to be
associated with the organic matter of fine, sﬂiy sediments. This type of sediment
accumulates in depusitaonai zones of the river where s!ewer currents allow the fine particles

fo settle and remain on the botiom.
224 Acoustic Mapping of Bottom SedimenfT}?ﬁe |

Sediment type along the Cornwall wateriront is so variable that it has been diffictit 1o
delineate areas of contaminated sediment by means of sediment sampling alone. An
impossibly detalled grid of sampling points would have béen reqtired to accurately map the
areas of fine-grained sediment and investigate contaminant concentrations in these areas,
From 1893-1998, Rukawna (2000) tested and refined an acoustic seabed classification
system called RoxAnn™ which provided the high-density data requlred ‘“The results of the
RoxAnn mapping were used to des;gn intensive sampling grzds of selected depositional
areas for sediment surveys done in 1994 (Richman 1998) and 1997. (Rlchman 1999)

Rukavma {2000) combined RoxAnn acoustic data with data from sedlment sampifng and
underwater television observations to classify Cornwall waterfront sediment (top 3 cm) into
one of 8 types: mud, muddy sand, sand, coarse sand, gravel, bouldersih 'Weeds on soft,
weeds on hard. The mapped area extended from just upstream of the Lamoureux Park boat
laurich downstream io the west side of Pilon Island, and from the north shore of the St.
Lawrence River (the mainland) across to the north shore of Cornwall Island (Rukavina
2000}, RoxAnn hottom sediment types are mapped in Figure 5. Six depositional zones were
identified in the north channel of the St. Lawrence River (Figure 6 and Table 2). The two
zones downstream of Piton Island are not discussed in this report because they are located
beyond the eastern end of the Cornwall waterfront area.

The RoxAnn system collecled echo-sounder data on acoustic hardness and roughness and
converted it into a real-time georeferenced map of bottom sédiment type Data were
collected at 1-second intervals from a boat moving at 2-3 m/s, wilh over 450,000 data
recards of depth and bottomn type logged between 1993 and 1898, Transducer
specifications suggest that RoxAnn's faolprint on the river bottorn has a maximumn diameter
approximately equal fo the water depth at which the reading Is taken, RoxAnn averages the
returns from the footprint and cannot discriminale smaller features which could cause
heterogeneous sediments to be mssrepresenled (Rukavina 2000), Water depths within the
depositional zones 1-4 are shown in Figures 8,13, 18 and 22 respectively. A discussion of
some limitations of RoxAnn and its difficulties wnth gassy sediments appears in Rukavina
and Caddell (1937) and Rukavina (1998).

The system was calibrated by comparing the RoxAnn acoustic bottom types with particle
size data from sediment samples and underwater television observations, Shipek grab
samples were collected at 217 siles and cores at 132 sites, Over 3000 georeferenced
bottom images were recorded hy underwater television (Rukavina 2000). Sediment
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thickness data for 975 sites was obtained from underwater television records, cores and
diver observations. Rukavina (2000) reported that “the accuracy of the RoxAnn
classification...varied from site to site but was typically about 55% good, 35% fair and 20%
poor, This was good agreement considering that it was based on comparison of samples
and televislon data that had a mtch smaller foolprint than the sounder.”

Table2, Zonesof ﬁne_~gr_aihed$edimg§_n£ depos'i'tion in the norih channel of the St. Lawrence River
identified by Rukavina {2000} and shown |n Figure B.

Lucatﬁcﬁﬁ ofdepasltiunaiznne Zona#wlthtn this report |

Lamoureux Pérk boat launch area Zone 1
Windmill Point {o F‘llon istand, -adjacent to the Zone 2
north shore
embayment immediately upstream of Wirdmil Zone 3
Point near the ol tank storage area
northeast shore of Cornwall [sland Zone 4
Farlingers Paint (across from northeast side of not numbered

ilon Island) 1o Flanigans Paint

south shore of Pllen Istand not numbered

The distribution of RoxAnn acoustic bottom types across the study area and within
individual depositional zones is discussed in Section 2.2.3 and shown in F-’lgures 5 {entire
study area), 10 (Zone 1), 14 (7ana 7). 10 [7nna A and 29 [Zrna 43 .

2.2.2 Grain Size Type, &

Sediment sampling data was &
thickness in the more intensive Ao
(Rukavina 2000). These result e : _
volumes in each of the four de FEN e AR L N
maps corresponded well with e .. LK
was “not surprising given Lhe r (MLX_, B MQ. 4{ LAY

data” that was observed (Ruka

GlS-computed polygons of gra
and the individual depositional
calculated from field data obtal
sites; core samples from 132 s
because a poiygon may be ext : R :
site), The grain-size distributior. e R NN P I T
superimposed on the actual sampi:ng locatlons or data points from which they were
exirapolated.

GIS maps of sediment thickness were produced in a similar manner (Figures 8, 12, 17, 21,
25). Sediment thickness data (975 sites) was obtained by coring, diver probing and an
underwater video system for recording sediment surface characleristics and measuring




sediment thickness that was deveioped fo cafibrate the RoxAnn acoust;c data on bottom
sediment types

The total voiume of fine- gramed sedtments in the entfre study area was estlmated using the
product of sediment area and average. sediment thickness. The volumes of size classes for
each of the four depositional zones were computed by superimposing size and thickness
polygons in ARC/INFO (Rukavina 2000). Results of area and voiume calculations are
provided in Tables 4-17.

223 indivldual Deposiiiunal Zones

Charactenstics of lhe four: ﬂne gralned qedlment deposits at the Cornwall waterfront are
discussed below. Rukavina (2000) mapped bathymetry (waler depth contours), RoxAnn
acoustic bottom types, GIS grain-size distribution, GIS sediment thickness for the entire
study area and each of four depositional zongs w:thm it. The maps are reproduced here
(Figures 5, 7-25). Please note that because the- maps. for Zones 1 and 3 are based on a
much lower density of sample poirits they are not as reliable as the Zone 2 and 4 maps and
were produced to give a general idea of sediment dlstﬂbutlon only.

For reference, Table 3 shows the figure numberlng for Rukavina (2000) maps used in this
report. N A B A

Table 3,  Figure numbering in this report for Rukavina (200_(3_) _bﬁlh’yméti‘y'"ahd'_’sf‘é_i;ii__rﬁq_ﬁl maps.

Par_ama_ter_m_:appé'd__ : S e Figura number in thls raport

- o i ‘_Entira_squy"_area “Zoned | ZoneZ : | | Zone 4.
bathyrmetry - 9 13 o8 22
RoxAnn acoustic bottom 5 10 | 14 |- 9 | 23
lypes : A : R :
graln-size distribulion (GIS) 7 11 1.6 _. 2(} . 24
sediment thickness (GIS) 8 12 17 21 | 25

2.2.3.1 ZONE 1 — Lamoureux Park Boat Launch area

Depositional Zone 1 consists of a *deep rectangular basm paraf!ei 1o the shorehne and
separated from it by an inshore shelf and shoal” (Rukavina 2000) as shown In Figure 9. The
inshore shelf extends to a depth of about 4 m, beyond which the bottom falls steeply fo
basin depths of B-11 m. The basin extends eastward beyond the area mapped and in the
west it slopes Lpward mto a “shoal area with water depths of less than 2 m" (Rukavina
2000)

The ﬁ_ne»grained sediments cover an area 500 m Jong and 100 m wide in waler from 4-8 m
deep, 50-100 m off shore {Figures 10 and 11). Sediment thickness is "mainly less than 10
cm but can exceed 70 cmin the area of fine sedimenis” (Rukavina 2000) {Figure 12).

As noted earlier, sediment maps of this deposit are based on a much lower density of




sample points and are therefore not as reliable as the maps for Zones 2 and 4. Zone 1
maps were prepared to give a general idea of sediment types and thickness distributions.
The data provided the best estimates currently avallable for areal coverage and volume in
the boat launch area deposit {Tables 4-6),

Tallle 4. Areas of grain-size lypes, Zone 1 {Lamoureux Park boat launch), 1993-1938. Source:

Rukavina {2000).
Graln-slza type Araa () . Area (km®) Percent of lotal_é'rea.
mud 27.1507” ) 0.0272 17.3
muddy sand 4,816 0.0048. aA
sand 6,255 0.0063 4.0
hard/bouldersigravel . 118,945 0.1189 %7
Total (all grain-size types) 157, 206 0.1572 100._(.}

Table 5. Areal distribution by sediment thickness, Zone 1 (Lamoureux Park boat faunch),
1993-1898. Source; Rukavina (2000).

Thlckness(cm} Area(m‘) o Afea{km’} _ | 7 ?9:@:9#1 of total araa
0-10 ] 110,422 0.1104 703
1130 | 19,174 0,0192 12.2
31-50 8,825 0.0088 55
51.70 2,865 " 0.0029 18
570° | 15919 0,050 10.4
Total 157,206 0.1572 100

Tahle 6. Gr_ainfsi'ze volumes, Zona 1 (Lamoureux Park boat taunch), 1983-1998. Source: Rukavina

{2000),
Graln-slze typa Araa () Average thickness (m) Volume {in’) Percent of total
rmiie 27,1580 063 17,027 69.7
muddy sand N 4,816 0.60 - 2,804 i1.8
sand 8,255 (.04 242 10
hard/houldersigravel 118,845 0.04 4,247 i7.4
Total 7 157,206 .15 24,241 100.0
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2.2.3.2 ZONE 2 - Windmill Point ta Pllon Island

Zone 2 was the mos! intensively studied section of the river because il has the highest
contaminant concentrations and was the site of a proposed demonstration sediment
remaval project (Richman 1886; Richman 1888; Rukavina 2000),

Figure 13 shows Zone 2 bathymetry based on all RoxAnn depth data collected between
1893 and 1858, An inshore shelf runs along maost of the shoreline and extends about 4 m
offshore. Bayond this the bottom slopes steeply out to the mid-channe! where the water is -
12-15 m deep. The fine-grained sediments are located on this slope between about the 4
and 11 m depth contours. They "form a ribbon-like deposit 2200 m long and 50-200 m Wide
on the slope between the inshore shelf and the main channel” (Rukavina 2000) (Figures 14

and 16).

Further Inshore from the fine-gralned deposit is an irregular bottom of mixed sediment types
in water 3-8 m deep, Offshore from the deposit there is a rugged erosional channel where
water depth varies by up to 2 m. Prominent shoals with an irregufar bottom occur just east
of Windmill Point near the shore and further offshore just west of Pilon Island {Rukavina

2000).

The pattern of sediment thickness In Zone 2 is highly varfable (Figure 17). 44% of the
sediment is less than 10 cm thick and only 10% is thicker than 50 cm. The thickest
sediments occur "as small discrele areas scatlered through the deposit” {(Rukavina 2000).

Zone 2 was surveyed by RoxAnn mapping every October from 1893 to 1998, Figure 14
shows the average of RoxAnn bottorn types in Zone 2 based on all of the data collected
over the six year period. Six individual maps, one for each year of mapping, are shown in

Figure 15 (Rukavina 2000).

The same basic pattern was found each year: a hard and weedy botlom by the shore, a
ribbon-like deposit of mud and muddy sand at mid-depth, and sand and coarser sediments
mid-channel at the offshare boundary of the mapped area, The earlier maps (1993-1995)
are more variable than the later ones (1996-1988) which are very simitar even in detail. This
may be because survey equipment and procedures had stabifized by 1996. The sediment
pattern for 1994 is much finer across the entire deposit than for.other years. According to
Rukavina (2000), “the increase in the area of muddy sediments and sands from 1993 to
1994 may be real. Flow rates peaked in 1993 at more than 10,000 m¥/s and then dropped to
a low of less than 6,000 m%s in 1994. That should have resulted In flushing of finer

sediment in 1993 and ils recovery in 1994."

Estimates of area and volume for the various sediment types in Zone 2 are given in Tables
7-9 {(Rukavina 2000).



Table 7.  Areas of grain-size types, Zone 2 (Windmill Point 1o Pilon Island), 1993-1998, Source:
Rukavina {2000),
Gré!n;__é:-’lzé !yp':é ) " Afes (m‘} Area (km?) Percant of total
mud 110,814 0.1108 13.4
m’uddy. sand 248,077 0.2401 301
sand 255,723 0.2557 30.9
hard/boulders/gravel 198,411 0.1984 24.0
weeds 12,583 0.0126 15
Total - 826,606 0.8266 100.0
Table 8. Areal distribution by sediment thickness, Zone 2 (Windmill Point to Pilon Island),
1853-1998. Source: Rukavina (2000).
Tﬁi.r:.kn'ass' (cm} Aroa (m?) - Aroa (k) 1 Puf&;ﬁnt of total
0-10 373,930 0.3738 44.2
11-30 220,075 0.2201 26.0
31-50 170,074 0.1701 201
51-70 69,022 0.0690 8.2
>70 12,861 0.0128 1.5
Total 845,962 D.8460 100.0
Table 9.  Grain-size volumes, Zone 2 (Windmili Point (o Pilon Island), 1893-1988, Source!

Rukavina (2000).

Grain-size type Aroa (m?) Average thickness {m) | Vplt.:”ma (m?) Pa_rcant u:f tot.a.l
mud ) 110,814 0.36 38,736 224
muddy sand 246077 0.32 79,038 44.5

sand 255,723 0.18 46,805 284
hard/boulders/gravel 198,411 0.04 3,654 4.9
weeds 12,583 0.27 3,377 1.8

Total 826,606 0.21 177,610 100.0
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2,233  ZONE 3 - Tank Farm/Oil Tank Storage area _.:;'-'i_; i :-:;_

Zone 3 (Figures 18, 19, 20, 21) has a "simple bathymelry consisting of a braad Inshore shelf
extending to 4 m [water depth], a steep slope from 4 to 7.m, and then an area of low relief
beiween 7 and 8 m. Fine-grained sediments oceur on the inshore shelf iri depths generally
less than 6 m. The deposit extends about 700 m along the shoreline and ranges In width
from 100-200 m. Sediment thickness ranges from 10 to >70 cm in ih 'mrth central part of
the area and Is less than ‘ED cm elsewhere” (Rukavina 2000) i

Sediment maps fm ihrs zone are based on a much lower density of sample pomts and are
not-as reliable as for- Zones 2 and 4. They were used to obfain the besi esiimales currently

avallable for areal coverage and volume (Tables 10-12). :
PR CTE T ‘*‘é}?

(1]/(1’;1 .i.m!:'t’ B u-'ff??! . w{“jf» st £ f!( &d)\}f Y 2 A, ;
e, wb Lf’,‘_ ’;[J _‘M_.P g dteeTt 4 fg- ¥ (9»(7 4‘”;.@ (f }’,v ,{,'i,.,{-:j‘ ‘r’“( ,f)!;‘};r!a {‘;\;} e as om0 u,)
Table 10, /Kreas of grain- size types Zone 3 (ol tank slorage area embaymenl) 4995 1898, Source:

Rukavina (2000

by

-

Grain-slzofypa Areafmy | Amagey | percantoftotal
mid : 0.0020 1 ”
miuddy sand 0.0165

sand 0.0150

hard/bouldersigravel 0.0283

Total 0.0617
Table 11.

Thicknass (em) ““Aroa (Rm’)

0-10 0.0391

1130 00111 o
31.50 00078 I
51-70 10,0000 ) 0.0

>70 0.0037 o oiep
Total 0,0617 S 000
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Table 12, Grain-size volumes, Zone 3 (o tank storage area embayment), 1993-1998, Source:
Rukavina (2000},

Gralnslze type'. Area{m’) L Average ﬂ_-.:l_c"k.r_'ia:s_:s_fn.t) Vutumu'(iﬁs} . ?I’ér;é'ii{i:_t':ﬁf.tbtai .
mud 2,038 | 0.32 650 5.7
muddy said 16,457 0.25 4,153 6.4

sand 14.953 0.23 ' 3473 305
hardbouldersigravel | 28,277 0.41 3,125 27.4

Total 1 si728. 048 1402 | 1000

2.2.3.4 ZONE 4 -~ Northsast Cornwall Isiand

The bathymeiry of Zone 4 is complex, with highly irregular depth contours (Figure 22).
Rukavina (2000} writes: “the site is bounded on the south by a broad inshore shelf
extending to depths of 4-68 m and then a steeper slope to depths of 13-16 min a small s-
shaped basin. A large shoal area with depths as low as 2 m Is present at the eastern
margin,...The fine grained sediment is a basin deposit 1700 m long and 100-350 m wide
extending from 50-100 m offshore at its western end to 100-600 m offshore at its eastern
end [Figures 23 and 24]...Deposit depths are 7-8 inshore, increase to a maximum of 15-16
m along the basin axis and then decrease to 12-14 m at the offshore limit. Thickness is
grealest along the axis of the basin (30->70 cm), least (0-10 cm) along the northeast margin
and 10-30 cm thick through the balance of the area” (Figure 25).

Detailed areal and volume estimates for Zone 4 are provided in Tables 13-15.

Table 13, Areas of grain-size types, Zone 4 (northeast Cornwall Island), 1993-1998. Source:

Rukavina (2000).
Grain-size typa Area () Araa (km?) " Parcent of total
i 363,837 0.3638 53,5
muddy s;aﬁ.d. - 116,516 0.1165 o 17.14
sand 117,881 01176 17.3
hard/bouldars/gravel 81,804 0.0818 12.0
Fotal §680,037 0.6800 B 100.0
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j"‘j:ﬁ Table 14,  Areal distribution by sediment thickness, Zone 4 {northeas! Cornwall Island}, 1993-1958,
' Source: Rukavina (2000).

Thickness '(i:m).

- Area(md)

1 Arca (km?)

. -Percent of fotal .

0-10

218,498

D.2198

323

11-30

- 106,086

0.1061

16.8

31.50

177,679

01777

26.1

51-70

168,717

0.1587

23.3

=70

18,079

0.0181

2.7

Total

580,037

0.6800

100.0

Table 15, Grain-siz€ volumes, Zone 4 (

- (2000)

northeast Cornwall Island), 1993-1998. Source: Rukaviﬁg

© Ara(ml)

Avorago thicknoss (m)

 Volumo (m)

Parcent of fotal

fmud

Grain-slzo typa

0.34

124,040

7561

116,816

0.16

18,348

114

muddy sand

Aigand

917,801

014

16,799

10.2

?éardfbaij.l.cie_rslgravét.: : 81,804

0.07

6,026

3.6

Total

680,037

0.24

165,212

100.0
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2.2.3.5

All Zones Combined and Study Area as a Whole

Tables 16 lists area, thickness and volume estimates for all four depositional zones
combined. The proportions of mud and muddy sand differ from the acoustic estimates in
Table 17 “because of the non-uniform distribution of data points and the presence of gas in
the muds which shifts their acoustic labels up to muddy sand” {Rukavina 2000). As
mentioned earlier, limitations of RoxAnn with respect to gassy sediments are discussed in
Rukavina and Caddell (1997) and Rukavina {1998).

Table 16. Tatal grain-size areas and volumes, Zones 1-4 combined, Source: Rukavina (2000).

Grain-size type | Area (m"") Avarag:it_%;lgkness Volume (m%) Parﬂaﬂtofiotal
mitid 503,880 0.36 181,453 47.9
muddy sand 386,865 0.27 104,443 276

sand 394,812 0.17 67,319 17.8
hard/bouldersigravel 427,437 0.05 22,052 58
weeds 12,583 0.27 3,377 0.8

Total 1,726,577 0.18 378,644 100.0

Table 17. GIS areas and volumes for acoustic types for entlre study area shown in Figure 5.

Source: Rukavina {2000},

RoxAnn acoustic Area _:A_r_é_é % total Average thickness Voluma
bottom type (m?) {km?) (m} (m?)
mud 300,182 | 0.3000 6.0 0.50 150,091
muddy sand 850,366 0.8500 16.8 0.31 263,610
other { 3,881,13 3.8811 774
7 L
Total 5,031,67 5.0320 100.0 413,701
5
224  Sediment Stabitity

Studies of sediment stability in Zone 2 done in parallel with the sediment mapping indicated
that the sediment deposit is stable (although there is also evidence of unstable episodas as
discussed in Section 2.2.6) (Rukavina 2000}).

Acoustic monitoring equipment was designed 1o measure the within-sediment depth of
disturbance by currents and the likelihood of resuspension or erosion of contaminants,
Measuremenis were made using an echo sounder placed on the river botiom (a “fixed
{ransducer”} which tracked the changing level of the sediment surface with & precision of a
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few millimetres. These acouslic botlom sensors were Installed in 1903 at 3 sites (all in Zone
2) (Figure 26) with perlodlc momtorlng at one or more of the siies through 1894 and 1995

(Rukawna 2000)

In order to conhnuously momtor changes séd;ment deplh a syétém of automatic dala

July 1998, This prowded a campleie recard of sedlment stablllty over a full year and
included the fi rst reccrd of sedlmen_t_ changes under the ioe Equspment foulmg pmblems

Rukavma (2000) reported tha tin general; -__he acoUstlc records showed that bottom
changes were Jimited to within'2 cm of the __stamng elevation although there were aceasional
spikes to.as much as 6 cm. DJve_r measurements were generally In agreement with the
acoustic data.” Figure 27: shoWs_acoushc data onh bottom stabahty at lhe three fixed
transducer sites and Figure 28 con bott

averages). Flow rates ranged widely; from 4690~10 _240 ms; durmg the study period (July.
15, 1997 lo July 15, 1998). However, there was np obvious correlation between the flow
rates and bottom response EVEm dunng the: pa_ ds § '_hen the [ﬂow] rates were shifting most -

rapidly”-{Rukavina 2000).

The data indicaled that the sediment deposlt in Zone 2 is stable. (but see also the discussion
in Section 2.2.8). Accarding to Rukavina (2000),“the sma arlations which
characterize the acoustic data appeared from diver- observa ns 1o be caused malnly by
transport of a veneer of light-weight organic. matenat There was no evidence that the
underlying sediment was disturbed. The. deposn appears to.be: stabla because of its Iocatmn
inshore of the main-channel currents in a zone whe_re v
eddies too slow for sediment erosion or transport v

For additional information on methods and resulls of the sedimeni stabtlity sludy please
refer to Rukavina (2000), R SRR : O

2.2.5 Sedimentation Rates

Sedimentation rales were determmed by z“}F’b (radlolsotope_) dating of sedlment core
samples from several sites in the study area. Results are mapped in Figure 29.
Sedimentation rates were highest in Zone 1 at 2.6 cm/y and lowest east of Pilon Island (0. 4
crmfy). The rates were 0.8-1.1 cmiy in Zones 2 and 4 respeclwely No measurements were

taken in Zone 3 (Rukavma 2000)

Cores from the TCTI and Pilon 2 sites (Figure 29) contalned the oldest sediment. *'°Pb
dating indicaled that sediments were over 110 years old in the bottomn 10 and 23 cm of the
TCTI and Pllon 2 cores respectively. However, this dating may be unreliable because both
of the cores had "irreguiar actiwty prof iles suggestlng non-uniform sedimentation” (Rukavina

2000).

Rukavma (ZODO} reported an "mdependent size marker"in Core 109 (from Zone 2) in the
form of a horizon of fibrous material in the 44-52 cm portion. This portion of Core 109 fell
within the *"*Pb date range of 1898-1915. It had “the texture and appearance of colton
balting and appear{ed) {o be some form of textile debris” (Rukavina 2000}.
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2.2.6 Grain Size Profiles

Information about the depositional environment was also obtained from grain size profiles
within sediment cores. If depositional conditions were uniform as sediment accumulated,
then the relative amounis of different grain sizes would be fairly canstant vertically through
the core (i.e,, little variation in percentages of gravel, sand, silt and clay).

Detailed grain-size profiles were obtained for cores collected in 1996 and 1997 at 14
locations In the study area (Figure 30). Each profile shows the proportions of gravel, sand,
silt and clay In 2 cm slices throughout the tength of the core. Core numbers correspond to
the station locations shown. In most of the cores, there were only "minor {o moderate”
vertical fluctuations in proportions of the various particle size. This suggests depositional
conditions were relatively uniform as the sediment accumulated (Rukavina 2000).

However, three sites had large variations in sand content through the profile, indicating
unstable depositional conditions (stations 109 and 128 in Zone 2 and station ‘Filon 27)
(Figure 30). The vertical fluctuations in sand content would be caused by either large
changes in transport rate or in sediment load. Rukavina {2000) reported that "because siles
126 and 108 occur in the midst of sites with no similar changes, it is likely that they were
affected by localized discharge of sediment,”

Within Zone 2 (Windmill Point to Pilon Island), size increased upwards in cores 126, 131,
132 and 156; downwards in core 117; and fluctuated in cores 109, 12B and TCTI. East of
Pilon Istand there were limited changes in one core (172) and very large vertical variations
in the other (Filon 2). In Zone 4 (northeast Cornwal] Island) the cores were relatively uniform
but sand content increased upward in core 179 and downward in core 182. One of the Zone
3 (boat iaunch) cores (166) was uniform throughout its length, whereas the other core (168)
showed a “pronounced coarsening upwards" (Rukavina 2000).

Rukavina (pers, comm., October 1999) noles that "in spite of the acoustic evidence of
bottom stability in Zone 2 [ ectlcan 2.24], cores from that zorie show several sand lenses at
. various levels which sUg Qe 35 of higher erosion, and sand content in surface
samples can be as high as'20%. Furthermore, sediment captured in a sedimentation trap
mounted 2 m above the bottom riear the easlern acoustic-monitor site (TCTI) had a sand
content of up to 5%, This raises the question of how sand transport occurs in a zone where
both the current-strength and wave-disturbance data suggest very low bottom energy.”

227 "Exatic' Materials in Sediment

Many of the sedimenl samples contained “exolic” malerial such as shells, wood fragments,
oil and grease and fibrous material, The distribution of oil and grease and wood chips
shown in Figures 31, 32 and 33 is notable because of the possible relationship of these
malerials with sediment confaminants.

Oils and greases (Figure 31) and wood chips (Figure 32) were found at only one site along
the northeast shore of Cornwall island (Zone 4) but were present along the entire north
shore of the study area from the Lamoureux Park boat launch to east of Pilon Island (area
included Zones 1, 2, 3). The frequency of occurrence along the north shore increased in the
easiward (downstream) direction (Rukavina 2000}.

Unidentified fibrous miaterial {Figure 33) was found in about half of the samples collected
from Zone 2 but only a very small propartion of samples from Zones 1, 3 and 4.
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b 2.3 Bottom Sediment Chemistry

Many siudies of botlom sediment chemistry along the Gornwall waterfront have been done
since 1970, Fora delailed review of the 1870-1994 studies of Cornwall waterfront sedfment
see Richman and Dre!er (lﬂ prep.). Table 18 lists all surveys of Cornwall waterfront -
sediment done b n 1970 and 1999 and the chemical parameters analyzed in each
Mercury, zin_' pper and_lead have been consistently found in sediment along lhe
Cornwall waterfrc;ni at concentrations high enough to be of concern. S

f -sampllng and chemical paramelers analyzed in bottom sediment surveys at :

Tahla 1& f
C nwall, Oritario waterfrant from 1870 to 1999. Summary maps corresponding to Figure
numbers shown are provideci in this review.
Year ' -Ghemlcal parameters analyzad fRéfbl‘gn_b@
samp!ed {abbraviatfons are defined halow) P
1970 19+ | MOE (1979)
: 1875 MOE (1979)
1979 |Figs.36-39 [ Hi Kauss et.al. (1988)
::55’ o ) pest:c __es_ | -
. 1085 Figs.40-43 | Ha, Zn, Cu, Pb, As, Cd, Cr, Fe, NI, TP, TKN, | Anderson (1890)
- | olls &greases PCBS organnchlcmne :
pesticldes
i 1991 Figs. 44-47 Hg. methyf Hg,Zn Cu, Pb, Al, As, Cd, Cr, Richman {1994}
= Fe, Mn, Ni, Se, TP, T’KN TOC 5
: 19901 n/a Ha, Zn, Cu, P, Cd, Cr, Cu, Fe,0, Mn0, Ni, | P. Mudroch,
p : TP TN -:TOC PAH PC Bs_ d|oxins&furans Envt Canada,
5 _ L i unpublished data
1992 Figs. 73A & B : Melcalfe-Smith el al.
) (1995)
1993 Figs. T4A & B _Hg,Zn Gu, Pb, Ni, oits&greases PCBs Melcalfe-Smith et al.
i (1995)
1994 Figs. 48-59 .Hg, Zn Cu, Pb, Al, As, Cd, Cr, Fe, Mn, Ni, Richman {1996)
..... 5b, Be, TP TKN, TOC, vils & greases, PAHs '
1997 Figs. 60-72 | Hg, Zn, Cu, Pb, Al, Cd, Cr, Fe, Mn, NI, TP, | Richman (1999)
TOC . | uate for parameters:
PAHs, PCBs, arganochlorines in italfcs not available
inareport .

* Hg=tatal Hg unless otherwise noted

Abbrevlations:

Al-aluminum; As-arsenic; Cd-cadmium; Cu-copper; Fe-iron; Hg- mercury, Mn—manganese Ni-nickel;
O-oxygen, PAH-polyeyclic aromatic hydmcarhon, PCB-polychlorinated b:phenyl Pb-lead; S-suifur,
Sh-antimony, Se-setenium; TKN-{otal KJE[GEIN nitrogen {(ammonia and organic n;!rogen). TOC-total

organic carbon; TP-total phosphorus; Zn-zinc.
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2.3.1 Provinclal Sediment Guality Guidelines

Contaminant concentrations in bottom sediment can he compared to three “effect levels”
defined in the Ontaro Ministry of Enviranmen! Provincial Sediment Qualily Guidelines
{Persaud et al. 1992}, These levels relate concentrations of specific contaminants to their
potential effect on benthic (sediment-dwelling) organiems, as follows:

The contaminant concentration which is expected to have no
effect on benthic organisms.

No Effect Level

Lowest Effect Level (LEL)  The contaminant concentration that can be tolerated by the
majority of benthic organisms. If the concentration is above
this fevel, the benthic community may be impaired.

Severe Effect Level (SEL)  The contaminant concentration that is expected to be
detrimental to the majority of the benthic spacies.

If 2 sediment contaminant exceeds the SEL, this means that the contamination could be
having an effect on benthos, Biclogical impacts of contamination depend not just on
contaminant concentration, but on additional factors that affect the availabllity of the
contaminant {o the benthic organlsms Therefare, a biological investigation Is required to
determine whether the organisms living in any given sediment are actually affected by
contaminants exceedmg the SEL.

Provincial Sediment Quality Guidelines for mercury, zinc, copper and lead are provided in
Table 18.

Table 19, Provincial Sediment Quality Guidelines lowesl and severe effect levels for mercury, zinc,

copper and lead (Persaud et al. 1992).

Effect Level - GuntamlnantConcantraﬂun in Buttern Sedlmant (pglg dry hey
Mercury Zinc .1; N :C.Dppm‘ Lﬁad”
LEL _ 02 120 16 31
SEL 2.0 820 110 250

18
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2.3.2 GQmWaII Waterfrant Sediment Chemistry

2.3.2, '3 Overview

For the purposes of this discussion, the Cornwall waterfront Is defined as the non‘h c _'nnel
of the St. Lawrence River from the west (upstream) end of Cornwall Island, downstream o
the west side of Pilon Island. Four zones of fine sediment deposition have been identified in
the area between the international bridge and Pilon Island as shown in Figure 6, These

areas are of particular interes! because contaminants tend lo be assocrated with fine-
gralned sedlment as discussed in Section 2.2. :

The conlammants of concern along the Cornwall Waterfront are merc:ury, zing, copper and

lead. In sediment surveys since 1970 these were the only contaminanis cnnslslently above
the SEL and consistently enriched relative {o upstream reference stations (Richman and .
Dreier, in prep.). Most of the following discussion therefore focuses on these four me Is._

in prep.):

. :Arsenlc Iron and manganese were below the LEL in most samples from ail surveys
" sirice 1979, Chromium, cadmium and nickel were above the LEL throughout the =
study area in several surveys but were only slightly elevated relative to upstream
reference sites, ‘with the possible exception of chromium.

» In suweys since 1970 concentrations of total phosphorus, total Kjeldahl nitrogen .-
(i.e. ammonia and organic nitrogen) and total organic carbon along the Ccrrnwall
waterfront exceeded the LEL at most sites and the SEL at a few, but since results
for these. parameiers were mosuy similar to upstream reference sites local
enrrchment IS not indmated

v iSedlmenl sampies co!iected in 1994 hetween Windmill Peint.and Pilon Island were -
' analyzed for PAHs as wet! as metals. There was evidence of local source(s) of
PAHSs, but concentrations were no higher than other urbanized areas of the Great
Lakes. “These results were confirmed | in & 1997 survey that encompassed a greaier

area of the Cornwall waterfront

. Total PCB_concentratrons haVe nol been above the SEL in any Cornwall Waterfront

sediment cbllections, PCBs were most recently analyzed in 1997 sediment samples.
The maximum concentration of PCBs observed In any survey was 2.67 |ig/g in 1979
at a slauon near Courtaulds' shore-based outfalls (SEL=16.5 pg/g, TOC 3 1%) _

Mercury, zinc, copper and lead results from each sediment survey since 1970 are
summarized graphically in Figures 34-74. This series of maps shows metal ccnncentrations
relative to the LEL and SEL and maximum concentrations ohserved in each survey,
Concenirations uncorrected for particle size were used for all maps. The s edlment
contaminants data are shown in relation to depositional zones of fine- grafned sedrment
(mud and muddy sand) as determined by Rukavina (2000) {see Section 2.2}.. Please note
that only approximate station locations were available for the 1970, 1975, 1985 and 1981
surveys. The lack of sophisticated georeferencing tools at the time of those surveys males
it impossible to accurately pinpoint station locations from ihe siudy reports

The sediment surveys done since 1970 repeatedly estabisshed thai sediment in parts of the
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north channel was contaminated with mercury and zinc and, 1o a lesser extent, lead and
copper. Mercury enrichment (i.e., concentrations in sediment higher than at upsiream
reference locations) has been c_iocume_nied as far downstream as the eastern basin of Lake
S Francis as described in Section 2.3.3 (Slolerdik 1991; Lorrain et al. 1993).

23,22  Zones of severe mercury contamination

The following discussion of mercury contamination refers to total rather than methyl
mercury, unless otheiwise noted. Although methyl mercury is the biologically available form
of this metal, data for methyl mercury in Gornwall sediments are limited to analysis of
sediment samples collected in a 1991 survey (Richman 1994), At that time, MOE and EC
taboralories did not analyze for methyl mercury and very few labs in Canada did. The 1991
samples were shipped to Seattle, WA for analysis {L.. Richman, MOE, pers. comm,) The
high-cost of methyl mercury analyszs prohlbzied including it as a routine parameter so almost
all of the Cornwall data discussed here is for total mercury, as are the Provincial Sediment

Quality Gundeimes

The mosl_:sevare mercury contamlnation in sediment along the Cornwall waterfront occurs
at the following two zones, shown in Figure 6:

ZONE 1 Downstream of the canal discharge at the present day Lamoureux Park boat
launch, about 1.4 km downstream of the Domtar/IC| diffuser.
(maximum observed mercury concentration = 18.0 pg/g, 1975 (MOE 1979))

ZONE 2 Downstream of Windmill Point, immediately adjacent to the former
Courtaulds shore based outfalls and extending about 1 km downstream.
{maximum observed mercury concentration = 44.0 pgfg, 1975 (MOE 1979))

The recent data—from 1981, 1894 and 1997 {Richman 1894, Richman 1996; Richiman
1999)—indicate that Zone 2 sediment has higher concentrations of mercury than Zone 1.
Zone 2 sediment is also contaminated with zinc, copper and lead. The concentrations of
mercury, zine, copper and lead decrease with Increasing distance downstream of Cornwall

point sources.

The mos! recent survey {1897} is discussed in more detail in Seclion 2.3.2.3 below. Data
from the 1970-1994 surveys {(reviewed by Richman and Dreler, in prep.) suggest that
concentrations of mercury in surface sediment have been decreasing with time. This
conclusion is based on maximum concentrations detected in each survey and a general
review of contaminant palterns at Zones 1 and 2.

This temporal decrease is especially evident when comparing: (i) 1991 and 1954 data with
1970 and 1975 data (Figures 44-59 and 34-35 respeclively), and (il} mercury concentration
in the top 10 cm versus the bottom (>15 em) of core samples ¢ollected in 1994 (Figures 48
and 52 respectively). In the 1994 study, mercury concentrations in core botloms were over
70% higher than in core tops al most of the 47 stations for which cores greater than 15 cm
in length were obtained (Richman 1936).

A number of factors suggest that sediment cantamination at the Cornwall waterfront was
locally generated, Although upstream sources stich as Lake Ontario certainly contribute
confaminants {o the area (see Section 2.6), a review of the sediment surveys done since
1970 indicaled that the prmary sources of mercury and zinc in the sediment along the
Cornwall waterfront were local (Richman and Dreler, in prep.). This conclusion was based
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on the following observalions:

. Concentrations of mercury and zinc {lead ‘@nd copper to a lesser extent) were
conisistently high in sediment downstream of known local point sources of these
metals as compared to upstream reference stations.

e There was a pattern of decreasing sedir '_ent contaminant concentratmg with
-___-"mc:reasmg distance from local points' 'urceg 7

v 'The patiern was similar for methy} mercury. (analyzed in 1991) (Richman 1994). for
which the highest concentrallons we sérved in sediment located dawnslream of

_!oca] point sources.

. Suweys from 1879 and 19885, which compared mercury and zinc concentrauons in
sediment collected from the north versus the south channels of the St. Lawrence
River at Cornwall and Massena, consistently found the highest concentraticns of
mercury and zinc along the north shore {(Kauss et al, 1988; Anderson 1990). Ore
- would expect melal concenlrations in sediment to be similar in both channels if
~ sources upstream of the study area were the major contrlbutors to the contamination

obsewed a!ong the Cornwall waterfront

. Sed;ment mercury contamination extends;a!ong 1he norih shore throughout Lake St.
~ “Francis but not along the south shore of the lake (see Section 2.3.3), Flow patterns
in Lake St, Francis separate sediment contamination along the north and south
~shores. There is a strong current along the central axis of the lake in the St,
Lawrence Seaway shipping channel and slow-m ving water north and south of the
chanriel,’As a result, contaminants in south shore sec iment reflect Massena point
sources. whereas contaminants from.north shore sources tend to accumulate in
_ north shore sediment (Lorrain et al, 1993; Carignan et al, 1994). Corrections of
' --.'--'sedlment data for pafticle size and organic carbon did not affect this pattern of
centam;nahon in Lake St. Francis sedlm (SEoterdljk 1981).

2.3.2.3 - .f'-'-1997 Cornwall Waterfront Sediment Survey

In 1997 MOE and EC joinlly collected sedtment samp?es froma totsﬂ of 24 siles in three
deposmonai zones along the Cornwall waterfront (Zories 1, 2 and 4 in Figure 6), Samples
were collected near the Lamoureux Park boat laur out 1,4 km downstream of the
Domitar/ICl diffuser (Zone 1); along the-north sho _peni to and downsiream of
Courtaulds (Zone 2); and on the south side of the narth channel off the northeast end of

--Comwa!i Island {Zone 4) at the, iocat!ons shown in Fagure 60 (Richman 1999),

F’iease note that for discussion purposes m_th:s_.sectlon of the report “north shore” _and
"south shore” refer only to ihe north channel of the St. Lawrence River at Cornwal (ie.,
Zones 1 and 2 on the north shore and Zone 4 on the south shore).

At each 1997 station, surface samp_esu(top 3 cm) and cores (top 10 cm) were

a mini-box corer sample. At six stations, two full length cores were collected _from'the box

carer (maximum depth: 46 cm). Sediment samples were analyzed fo ge. of

contaminants and physicai pare meters listed in Table 18.

Sediment chemistry data We[‘& a.naiyzed to identify stallons with contam:n nt ennchment
account for major sources of variation in sediment quality along the Cornwall waterfront and
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assess temporal changes in contaminant concentrations,

Contaminant concentrations and particle size data are provided In Tables 20 and 21.
Mercury, zinc, copper and lead results are mapped in Figures 61-72, The following points
summarize the results of the 1897 survey (Richman 1999).

All-sediment samples collecled along the north shore of the Cornwall waterfront
(Zones 1 and 2) exceeded the LEL for mercury and 48% of the samples exteeded
the SEL of 2.0 pgly (dala uncorrecled for particle size). In contrast, the south side of
the north channel {(Zone 4) had only two samples with mercury concentrations above
the LEL and the SEL was not exceéded in any samples.

in 10 crn core samples mercury concentrations weie highest at stations CS131 (18.5
ug/g) and C5128 (11.2 1#g/g). In the top 3 cm suriace samples mercury -
concentrations were highest at CS131 (14.7 palg) and CS109 (5.79 Hg/g). These
stations (Figure 80) were all in Zone 2.

Mercury concentrations were above the LEL but below the SEL in sediment from
Zone 1, upstream of Courtaulds and downstream of ICI/Domtar. At the three stations
sampled (C8166, CS167 and CS168) mercury concentrations in 10 cm core
samples were 0.79, 1.19 and 1.71 pg/g respectively.

Comparing median concentrations In top 10 cm sediment samples (uncorrected for

particle size).

« cadmium, nickel and TOC at north shore sites were similar to median values for
south shore (Zone 4) sites;

« median copper and lead concentrations were also similar on both sides of the
north channel, but the range in concentrations was higher on the north shore
than the soulh, suggesting some enrichment on the north shore;

»  zinc was higher on the north shore than the south shore indicating north shore
enrichment,; _

»aluminum, iron, manganese, total phosphorus and chromium were higher on the
south shore than the norih but when data were corrected for pariicle size this
difference was eliminated.

Medians and ranges of the uncorrected data are provided in Table 22.

Particle size cotrected data showed that all stations along the north shore {i.e.,
Zones 1 -and 2) were enriched with mercury compared with an upsiream reference
area (Maitland). Sediment in Zone 2 (adjacent to and downstream of Courtaulds)
was also enriched with zinc at all stations and with lead and copper at some stations
relative to the upstream reference area, These results were confirmed by two
different methods of particle size correction,

Principle componenis analysis (PCA) showed that mercury, zinc, copper and lead
were posmve!y corre}ated wlth one another Stal:ons wath [aw sand cantent and high

pEots (fer actual plots and furiher explanation please see Richman (1999)). Al
stations in this group were located along the north shore in the vicinity of the former
Courtaulds site (CS105, CS109, CS115, 8132 and C5164). This group did not
include stations CS167 and CS168, in Zohe 1 upstream of Courtaulds and
downsiream of ICl/Domtar, because although they were high in mercury and low in
sand they were not high in zinc, copper or lead,
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The PCA grouped station 5166 (also in Zone 1) with the souih shore stations,
Whlch were Eow in mercury and sand. o

Metal cancenlrat:ons in iop 3em sampies WEI'E compa d with concentrattons in top
10 cm samples by analysis of covariance (ANCOVA), Apart from weak differences
for cadmlum and chromium, metal concentrations were not significantly different in

" the__top 10 em of sediment collected 9__97.

Assumlng at the lop 3 om contains the most recently eposited sedimenl, this
compaﬂson “colild be used to assess whether contaminant concentralions have
changed over. time However, it may be Impossible to measure temporal changes in
sediment quaiity within the top 10 em of sediment since this is the zone of
bmturbataon {mixing due to the activities of sedime wéltmg and bottom feeding
organasms) Sediment mixing due to physlcal processes within the river could also
oceur In all ar-part of this zone. Rukavina (2000) found fluctuations of up to 2 cmin
sediment depth during a one year period at sites a!ong the Cornwall waterfront (see

Sec!mn 292 4)

At six selecté : aizons n Zones 1 and 4 sediment ol emnistry. in care boitoms was
compared with 10 cm core tops and top 3 cm surfac:e_ﬁs mples, The approxlmate
length of cores obtained at each station was: 29, 20, 23; 24,20 and 24 cm at
staiians CS166, C 167, CS168, C8175, C3179 and 0818_ respectively.

sediment chemis{ry in core tops was slmilar fo core bottoms at the south shore

{Zone 4) stations: (08175 CS179.and CS181) and, at one statlon |r‘| Zone 1

(C8166)., -

» at the other iwo. stataons in Zone 1 {C8167 and 08168) .

- sediment concentralions for many parameters were higher | in core bottom
samples thann top 3 and 10 cm samples. However, the .grcentage of clay
and slit was greater In the bottom of the cores and when parlicle size
differences we taken into account by normalization to aluminum content
there were no erences between core lops and bott : ___'r_'any parameter
excepl merdury . -

= for mercury,’ normaiizallcn to aluminum generaled ratnos-of mercury to
aluminum thal were ihree and five times higher in the bottom samptes than

histoncai c tammauon ‘with mercury at these twc sﬁes

Comparabie sedim ' nt chermstry data from 1994 and 1997 was examined for six
sites ((38115 ©5126, 5128, C5131, ©5132 and C5156 on Figure 60).
Concentrations of lead, phosphoris and totat organic carbon were significantly lower
in 1897 than 1994. Mercury concentration was lower.in 1997 at CS126 and had not
changed at.C5156, it may not be possible to draw conclus]ons from this limited data

set, for the fallowing reasons:
. tis unknown whether changes in sedunent contammalion can be measured over

that Rukawna (2000) observeci ﬂuctuation_s Df + 2 cm in sediment depth uver a
one year penod (see Seclion 2.2.4), " -
«  The comparison of 1994 and 1997 data ‘was done with samples callected at
slightly different sites (offsets of about 5 m) and with slightly different sampling
procedures Core samples were’ taken by gravity core tube in 1994 and mini-box
corer in 1897. The short-range spatial variability of contaminant levels is not fully
understood. Diver and underwater television observations have shown that there
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are large changes in the texture of Cornwall waterfront sediment which could
affect contaminant levels over distances of one o a few meters (N, Rukavina,
Environment Canada, Nallonal Water Research Institute, pers. comm., October
1889). However, the 1984 and 1997 data comparison used particle-size
corrected data in an attempt to account for this spatial variability.

. The 1897 sediment samples were also analyzed for individual and total PAHs and
PCBs. Total PAHs did not exceed the SEL in any samples nor did any individual
PAHSs. The range of total PAH concentrations was between 2 and 135 times lower
than the SEL. Likewise, the SEL was not exceeded in any sample with respect to
total PCBs or for any PCB congener. Total PCB concentrations were 36-250 times
lower than the SEL.

The 1997 survey resulls are consistent with the results of earlier surveys discussed in
Section 2.3.2.2 . Zone 2 sediment had higher concentrations of mercury than Zone 1
sediment. Zone 2 sediment was also contaminated with zinc, copper and lead. Fine-grained
sediment on the south side of the north channe] of the St. Lawrence River at Cornwall was
not enriched with any of these metals relalive to an upstream reference site. Summary
maps showing 1997 concentrations of mercury, zinc, copper and lead relative to the LEL
and SEL are provided in Figures 61-72.
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2324 Oil Tank Storage Area/Tank Farm Silte

Contaminated sediment has also been found in a depositional zone (Zone 3 in Figure 6)
jocated in a small embayment upstream of Windmill Point about 500 m downstream from
Cornwall Harbour and the above ground ofl storage tanks at-Universal Terminals, This
depositional area, referred 1o as the oll tank storage area or tank farm sile, was considered
for a demonstration sediment clean-up project on the basis of a preliminary sediment
assessment in 1891 (P. Mudroch, Environment ‘Canada, unpublished data). The site was
investigated in more detail in 1992 (MOE) and 1693 (EC). Chemical characterization and .
biological assessment of sediment coflected in 1992 -and 1993 indicated that sediment
clean-up was not required at the oll tank storage area 5|te (Metcalfe-Smith et al. 1995).

the oll iank storage area deposmonal zone; Concentranons of PCBs, PAHs and meroury
were consistently above the LEL. Mercury concerntrations in the ihree replicate samples
were 0.7, 1.1.and 4.2 pg/g, exceeding the SEL (2.0 1ig/g) in one replicate. However,
intensive sampling in 1992 and 1993 showed that the degree of sediment contamination at

the oil tank storage area was not severe and the area affected was very localized (Metcaife-

Sm:th et aE 19858).

in. 1992 severe effect levels were exceeded at only 0 tion (89) and only for chromtum
and copper. (Figures 73A and 73B). In 1993 the SEL was not exceeded for any parameter
(Figures 74A and 74B). Olls and greases were hzgher thar MOE Open Water Disposal
Guidelines (Persaud et al, 1992) at almost all sites in both surveys as shown in Figures 73A
and 74A. Maximum concentrations of total PAHs were 30:50% of the SEL al three stations
(# 89, 91, 94) in 1992; PAHs were not measured in 1893 (Metca?fe -Smith et al, 1895),

In sptie of the h:gh concentrations of alls and greases at most snes baoassessment of the
1993 samples did not indicate that sediments from the tank-farm study area were particularly
toxic or that the benthic community was severely degraded. ic effects were identified for
at least one bioassay endpoint at five of twelve siles tested (#5,7,11,15, 17). But at each
les, only one or two endpoints (tests) out of ten showed stalistically significant
toxicsty e decreases in growth, survival or reproduc : ot extreme. Only one
station (# 7) had a benthic community (abundance of organi umber of taxa, percent
distribution of taxa) that was degraded relative to comparab! Great l.akes reference sites

(Metcalfe~$m:th et al. 1995).

Based on the combmed chemical and biplogical fi ndings from the 1992 and 1993 in-depth
studies, It was cancluded that sediment clean-up (removaE and dlsposal) was nat required at
the tank farm site (Melcalfe-Smith et al. 1895). =~ =

2.3.25 Northeast Cornwall Island Dapm&itioﬁéfi’one

Another zone of fine sediment deposition is lagated on the south side of the north channei
off the northeast shore of Cornwall Island (Zone 4 In Figure 6). Historical and recent dala
show that contaminant concentrations in Zone 4 sediment are similar to those at upstream
reference sites (MOE 1079; Kauss et al, 1988; Anderson 1990; Richman 1994; Richman
19989). Figures 61-72 show 1887 mercury, zinc, copper and lead concentrations relative to
the LEL and SEL in this depositional zone. g
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2.3.3 Lake St. Francis Sediment Chemistry

Lepage (1989) summarized the results of surveys of sediment quality (cherical and physical
parameters) conducted in Lake St. Francis since 1975 as follows:

All these studles [cited In Lepage 1998] found that the northern part of Lake Saint-
Frangois (region of Cornwall, Lancaster Basin, Saint-Zotique basin) [Figure 75] was
particularly affected by high concentralions of mercury, wheraas the southern part
(reglons of Massena and Christatie Island, Gédres Basin and Grenadier Basin) was
cortaminated to a large extent by PCBs. It was suggesied that in both cases the
contamination came from upstream sources in the Comwall-Massena sector...The
dala collected -in :1989 ‘indicated. thal .ihe lake : sediments -were ~much :less
contaminated than they had been 20 'years _earlier, The. hlghest mercury levels
appear o have been récorded In the mid-1970s, with a maximum value of 3.2 Halg .
recorded tn 1975..., subsequently dropping to 1.47 pglg In'the late 1970s...With
regard to total PCBS and excluding the high concentrations encountered near the
Massena industrial plants, the maximum value in Lake Saint-Frangols was 1.9 pglg
in the late 1970s and 0.27 41g/g in 1980,

The 1989 data referred to above was collected by Lorraln et al. (1993), who dellneated PCB
and mercury contamination in Lake St, Francis bottormn sedlmen& and described changes in
coptaminatlon patlerns and levels that had occlrred since a similar survey in 1679-81
{Sloterdijk 1985). The comparison betweén two studies done ten years apart was made

possible by a geostahshca! data processing method catfed universal kriging.
Northern vs, southarn sectors

Sediment in Lake St. Francis is enriched with mercury in the northern sector and with PCBs
in the southern sector. According to Lorrain et al. (1993) “this spatial distribution suggests
preferential transport of PCBs from the Massena region to the south shore, and mercury
from the Cornwall region to the north shore”. There was a significant difference in mean
mercury and PCB concentrations between the north and south sectors in both 1979 and
1988, confirming that the water masses along the north and south sides of the lake do nat
mix with each other. This segregation is thought to be due to high current velocities in the
seaway shipping channel which runs lengthwise down the centre of the otherwise slow-
moving lake (Sloterdijk 1985; Lorrain et al. 1993).

In 1989 sediment was analyzed from 60 stallons throughout Lake St. Francis. The hlghest
MEercUry concentrahons were observed north of the St Lawrence ‘Seaway near Pilon Island
(0.64 pa/g), Hamilton Island (0.61 pg/g) and in the Lancaster basin (0.67 jig/g). These values
are all above the LEL {0.2 yg/g) bul below the SEL (2.0 pg/g) for mercury. Throughout the
southern sector of Lake St. Francis, mercury concentrations were below 0.39 pg/g (Lorraln et

al. 1893),

In both 1979 and 1888 there was a significant difference (p<0.0001) between the northern
and southern sectors of the lake with respect to mean mercury concentration. Mean mercury
concentrations in the northern sector were 71% and 60% higher than in the southern sector
in 1979 and 1989 respectively (Lorrain et al. 1993),

1878 vs. 1989

Over the ten year period from 1979 to 1989, there was a significant (34%) reduction in mean
mercury concentrations in Lake St. Francis overall (including north and south sectors). Mean
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knged whole iake mercury concentrations were 0.182 £0,114 pa/g in 1989 and 0.275 30,241
Hglg in 1878.n @ comparison, the mean whole lake PCB concemratmn ShDWEd a S|gn fficant

decrease of 89% ever ‘ihe same period,

nthe 8 et_lque and Lancaster basins and upstream from Hamilton island (i e ihe
northern sector of the lake) (Figure 75) ihe reduction over the ten year period was greater
than for. the Iake as a whole. In the northern sector there was a 45% reduction in mean
knged marcury concentratlons from 19?9 to 1989 whereas in the sou!hem seclof the mean
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2.4 Suspended Solids

A long-term (5 year) study of the resuspension, fransport and contamination of suspended

matter in Lake St. Francis began in 1994 (Lepage 19989). The study had three main

objectives:

. to evaluate the effectiveness of remedial operations undertaken in the Cornwali-
Massena sector of the 81, Lawrence River based on the quality of the suspended
solids that drift towards Lake St. Francis,

s to link contamination of suspended solids in Lake St. Francis to corresponding
contaminant sources,; and ,
o to assess the mechanisms of suspended solids transport in the Cornwall-Massena

and Lake 5t Francis stretch of the 8t Lawrence River.
An additional goal was to investigate the influence of atmospheric (storm winds) and
hydrolagic {variations in discharge rates and water levels) evenis on the resuspension,
transport and deposition of contaminated sediment in the upstream part of Lake St. Francis.

Results obtained during the first three years of the study (September 1994 1o September
1997) are documented in Lepage (1999) and summarized here. Sampling results up to May
1999 are summarized in Tables 23 and 24.

Samples of suspended matter were collected from the following six long term sensing sites
(LTSS} shown in Figure 76:

PILON just east of Pilon Island

TCTI just west of Pilon Island downstream from the former Courtaulds site, offshore
from NavCanada, formerly Transporl Canada Training Institute (TCTt)

S5FS St-Francis South, near shore area on south side of wide central portion of lake

SFC St-Francls Centre, shipping channel in wide central portion of lake

5FN St-Francis North, near shore area on north side of wide central portion of lake

L3L an upstream reference site in Lake St. Lawrence, initially located half way

between Moulinette and Macdonnell Islands (1994-1995) but moved to just
upstream of the Moses-Saunders Power Dam {1896-1897) due to low
sedimentation rates at the original site.

At each site, samples of suspended matter were continuously collecled in sediment traps
suspended one and two metres above the river bottom. Samples were pariodically refrieved
by divers, and approxirnaiely every four months frozen samples were sent for physical and
chemical analysis including analysis for mercury and PCBs. Current speed and direction,
light transmission, water conductivity and temperature were measured at all slations except
the two sites near Pilon Island {Lepage 1999).

Two additional sites were sampled at the Cornwall waterfront between November 1997 and
May 1999, These were the "RAP Reef site” just downstream from the Lamoureux Park boat
launch and the "Government Dock” site in the il tank storage study area {(embayment
immediaiely downstream from the oil tank farm). Results for these sites are discussed
separately in Section 2.4.4.

2.441 Quantities of Suspended Matter
Sedimentation in the Great Lakes occurs in the deep basins upstream of Kingston, so 5t

Lawrence River waler carries only a small amount of suspended matter compared with other
large rivers of the world {Lepage 1989}). The mean concentration of suspended matter at
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,! SFS(O’EB:L-DOQ;JQIQ)M i i

Cornwall has been estimated at 1,0 0.6 mg/L based on measurements between 1989 and
1993 (Rondeau et al. (in press) clted In Lepage 1999), This is equivalent to an annual load of
199,000 10,000 metric tons, but only a small proportion is deposited in the sedimentation-
basins in Lake $t, Francis. An estimated 79,000 metric {ons of fine sediment are deposited
annually in Lake St, Francis, which Is 17% of the toiai annual load to the lake (Carlgnan and

Lorraln (in press) clted in Lepage 1899).

If_e_cted batween July 1996 and September
arally. The amount of suspended matter -
ay wet wt) and lowest at L3L (0.31£0.15.
in the period frorn May-July 1997 {(mean 1.05
) February 1997 (mean 0.48 £ 0.27 g/d)

The daily average quantity of suspended mait
1997 by Lepage (1999} varied spatiaily and te
was consistently highest at 8FS (1,10 +0,3:
g/day). Daily accumulation rates were highe
+ 0,46 g/d) and lowest from November 1996
(Lepage 1999), B

2 4 2 Contaminants in Suspended Matter

The hlghest mercury concentrations oc:currecf in lhe araa of Pilon Island. On the weslern slde
of the island (TCTI), al the Cornwall waterfront n'marcury concentration was 1,15 £ 0.38
“glg: On the eastern side (PILON) it was 0.46.
St” Francis, mean mercury concentration was highes n' the_north-side of the river (0,33 &
“70.04 pglg at SEN). This was two tlmes higher tha the Value observed on the south side at

PCB contamination showed the opposite pattern wtth e Ighest mean concenlration sean
on the south side of Lake St. Francis (0.30 + 0,20 jg/g’ at SFS) This was five times higher
than the mean concentration observed on the north side'at SFN (0,06 £ 0.01 pg/g) and ten
time higher than_the value for the upstream reference sne in ElliE St Lawrencg 0.03+0. 02

uglg at LSL (L{.epage 1099). ”? piag eshed

)

The pat ms of mercury and PCB contamination in Lake St.-'Franms reported by Lepage

(1999} are consistent with earlier reports by Sioterdusg _(_1985) and Lorrain et al, {1993).

Tabie 23 hsts mean mercury concenlrations at each of the fi va Iong {erm sensing sites and
Figure 77A, reproduced from Lepage (1999), shows variations in total mercury concentration
in suspended matter at each of the five sites sampled Detailed data for nutrlent and total |

@%—f‘ 7 {,Ji' 4?9‘5“
Mean mercury concantralion,s were. hsghesl in the areaof Pt!on Island, with a maximum at -
the TCTI slation to the eas f Pilon Jsland (1.15 % 0.38 pg/gj Concentrations at TCT| were
8-0 times higher than a and 5-7 times higher than at LSL. The lowest mean mercury
concentration was at the SFS sfation, whereas the iOWBSl mean PCB concentratlon was at

the LSL station (Lepage 1999).

In 1988, tolal mercury In suspended solids ranged from 0,11-0.25 pglg dry wt al 5 sites in the
St Lawrence River at Cornwall and Massena {Anderson and Biberhofer 1991). In this study,
water was pumped from the river at a depth of 1 m and centrifuged to collect suspended
pamc;u!ate matter. Two of the five 1988 sampling sites were located in the north channel of
the river; one between the Moses-Saunders Power Dam and the west end of Cornwall Island

and the other about 4 km downstream of Pilon island.

Lepage (1999) reported that PCB concenirations were highest at the SFS statmn ten times
higher than LSL and five times higher than SFN values. The composition of PCEB Isomers in
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suspended solids indicated that PCBs at the north shore of Lake St, Francis (§FN) are
mainly from incoming Great Lekes waters, whereas local sources of PCB contamination
mainly influence the south shore (SFS) (Lepage 1999). Anderson and Biberhofer (1991)
found trace concentrations of FCBs (<130 ng/g) in one sample only, from a site at the mouth
of the Raguelte River on the south shore, PCBs were undetected in all other 1988 samples.

&

Table 23,  Mean tolal mercury concentrafion in suspended matter.collected at fong term sensing sites
in Lake St. Francis betwaen July 1896 and September 1887 (Lepage 1889),

Station Name :

¥, NI P

L TeT dast of Pilon lsfand, opposite TCTI

I PILON- (Wesi of Pilon Istand 0463028
SFN north side of Lake St. Francis 033 ¢ 0.04__
SFS south sidé of Lake St, Fraricls 0.15+0.02

-~ |LsL l.ake St. Lawrence _ 0.17 + 0.05

ﬁi\??hcl_éf Sediment Quality Guidelines for fotal mercury (Persaud et ai, 1992);

Severe Effect Level=2.0 yglg  Lowesl Effect Level=0.2 pglg
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2.4.3 Sediment Resuspension

Overall, the winter penod {November to March) appeared to be associated with higher
contaminant levels in suspended solids. This Inciudes the time of ice cover, when no wind or
wave action affacts the sediments, Lepage ( 1999) proposed that the higher contaminant
levels could be linked to increased resuspension of contaminated surficial sediments during
periods of more dynamic hydrometeorological conditions. To test this hypothesis, wind, wave
and current regimes likely to cause resuspensicn were ana!yzed (Lepage 1999), excluding
the period of ice cover (January 31-March 25) for each’ year B

Sediment resuspension in aqualic ecosystems is generaEiy greatest wnh a fetch
{unobstructed stretch of surface water) of a few kilometres and wind velocifies of at least 20~
30 km/h, Lepage {1999) calculated that winds. of 28 kmith wolild generate waves likely fo *
affect the water bottom to a depth of about 1,0.m in the Camwall/Massena channels and
abaut 1.3 min the area of Thompson and Chrssiat{e tsfands furlher downstream (Figure 75).

Hourly weather station data collected at Saint Anicet (mtd souih shore Quebac) were used
to calculate the number of hours during sediment trap deployment in which wind speed
exceeded 28 kmih out of the SW, S or E (azimuths 240-110°) and the NE, N or NW
{azimuths 40- 30{]") To account for the efiect of ice cover, wind. Enformaticn for January 31-1o
March 25 of each year was excluded, The wind has no effect cm the water surface during
this period and cannot cause sediment resuspension. R

Winds exceeding 28 km/h blew 6% and 4% of the time for azimuths 240-110° and 40-300°
respectively. Measured concentrations of mercury and PCBs for samples. collected at each
long term sensing site were compared with the number of hours of wind >28 kmth in the
penod during which the samples were collected (Lepage 1999) _

Only the SFS station {south shore) showed significant (p=0. 002) correiatlons between the
wind and the mercury and PCB concentrations measured In sus;aended sm;ds Merclry
concentration was only correlated with winds In. the 240- 110°range (SW, Sor'SE winds).
High winds from the south would cause the greatest wave action along the north shore of
Lake St. Francis. This could result In resuspension of sediment contaminated with mercury.
Unlike mercury, PCBs were correlated with winds from both the 240-110° range (SW Sor
SE winds) and the 40-300° range {NE, N or NW winds) (Lepage 1999)

Please note that although there was a correlation between SES rnercury and wind data, lhe
actual concentralions of mercury in suspended solids at the SFS site were at or below
concentrations observed al the Upstream reference site (LSL),

Lepage (1999) concluded that “these resulls provide additional support for the hypothesis
thal resuspension of contaminated sediment in the upstream part of Lake St. Francis
contributes to contamination of the fluvial sector where the SFS station was set up.”

In addition to wind, fluctuations in river flow (discharge) could also resuspend sediment and
may explain some of the increased contaminant concentrations observed In winter. South
shore {ributary discharges fluctuate regularly during periods of ﬂoodlng and in winter; these
tributaries are known to contribute fo the suspended solids load moving through Lake St.
Francis. As well, although the discharge of the St. Lawrence River itsell is regulated,
“variations of over 1000 m*/s are noted occasmnally over eight- to ten-day Intervals, as
occurred in January and Februaw 1905, Such variations could cause the resuspension of
unconsolidated sediment in the Cornwall-Massena channels, where the river cross-section is
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less than 10,000 m®" (Lepage 1999).
2.4.4 Supplementary Gornwall Waterfront LTSS Stations

Introduction

The LTSS network was supplemented In the surmer of 1997 with 2 additional stations
located al the Cornwall waterfront, Figure 76 shows the locations of the RAPReef and
GovDack stations, RAPReef was |ocated near a submerged artificial reef constructed as a
RAP project in 1995. GovDock was in the ofl tank storage areaftank fafm site émbayment
(deposttional Zone 3), immediately upstream of Windmill Paint and downsiream of the former
government dock at Cornwall Harbour. Water depth was 11 m at both stations and both were
positioned at the boundary between the high flow of the main channel and the more
quiescent near shore zone,

Each station was equipped with 2 sets of 2 passive oyhndncai sediment traps. One set of
traps (“bottom”) was positioned 1 m above the river bottom; the second set ("top”) was 5 m
above the river botlom. There were 5 sampling events with the deployment time for the
events ranging from 61-194 days (Table 25) The corresponding sampling schedule at the
upstream reference station (L.SL} is shown in Table 26. Suspended particulate matter (SPM)
recovered from the sediment traps was anaEyzed for a number of parameters including
mercury, zinc, copper and inorganic and organic carbon.,

Table 25. Sampling schedule for RAPReef and GovDock LTSS sites, 1987-1998. N=1 unless
othenvise shown. Source: H, Biberhofer and 8. Lepage, Environment Canada.

"'__S:aiﬁbli'r_ig -Trap Daployment Sample Samples Recovered [ Deployment
Interval __| Date Recovery Date ' ~ | Timo(days)
1 |duys, 1907 Nov7,1987 | e e o (N=2) 122
2 Nov 7, 1997 May 22, 1898 ggfgoecakf :gg s

May 22, 1998 July 22,1998 | RAPHeel :gg povom 61
Jaly 22, 1998 Nov 17, 1998 éﬁfgffé :ggz Eg:tgm 17
O [NVIR9® T Tay 18,1000 | o neel b Do 161
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Table 26. Sampling schedule for upstream reference LTSS site (LSL‘), 19

Lepage, Environment Canada.

87-1898. Source: 5.

Trap Deployment Date -’} Sample Recovery Samples Recovered - Deployment Time
July 7,1997 0000 L | Sept 18, 1897 Ll top .- 73
Sept 18,1887 " .~ | Nov 6, 1897 LSt fop i 49
Naov 6, 18975~ | Feb 20, 1988 LSL fop. o 75
Feb 20, 1898" U May 21,1998 LSL  top" . 80
May 21, 1008 1 duly 21,1998 LSL top 61
July 21,1998+ - .1 Nov 18, 1988 LSL - top 89
Nov 18,1698 = =0 - May 20, 1959 LSL top 183

Results and Discussion

Seventeen samples in total were collected from the RAPReef and GovDoek siles (including 2
replicates from GovDock bottom trap November 7, 1997) as shown In Table 25. The data
range for mercury in the two GovDock replicate samples was small (0,26-0.31 pglg). The
results are shown in Figure 778 (upstream reference site LSL), Figures 77C and 77D (RAP
Reef) and Figures 77E and 77F (GovDock). Please note that values shown as 0.01 on these
figures were aclually <0.01.

in approximately half (8/17) of the GovDock and RAPReef samples, mercury concentration
was an order of magnitude higher than in the corresponding LSL sample (upstream
reference site), Two samples exceeded the severe effect level for mercury (2.0 jg/g). On
May 22, 1098 RAPReef (top) contalned 4.97 pg/g mercury compared with 0,05 pg/g at LSL
(top) over the corresponding period, On July 21, 1998 GavDack (bottom) contained 4.14
1g/g mercury compared with 0.22 po/g at LSL {top) over the corresponding period.

Climale data was reviewed 16 determine whether precipitation events could have restlted in
the flushing of land-based material that might have been recovered from the traps in the May
and July 1998 samples (Environment Canada, Climate and Water Products Division). Mean
rainfall was 2,7 mm (SD=5,9, N=813) over the entire period of sample trap deployment {July
1997-May 1998) at the GovDock and RAPReef sites (H. Biberhofer, Environment Canada,
pers, comm.). o

89,5 mm of rain fell over a 2-day period in sampling interval 3 (May 22, 1998 to July 22,
1998), Surface runoff associated with this event may have conlribuled to the mercury
enrichment measured in the bottom trap al GovDock on July 22, 1898, Increased inorganic
carbon was also abserved in the sample. Samples collected over {he same period from the
top trap at GovDock did not show similar increases for mercury or inorganic carbon (H.
Biberhofer, Environment Canada, pers. comm.). These results could reflect the presence of
a submerged plume of stormwater runoff at this station and sampling period (H. Biberhofer,
Environment Canada, pers, comm.). A storm sewer discharges into the embayment in which
the GovDock site was located (Figure 76).

Mercury concentration also exceeded the severe effect level af the RAPReef site (lop trap,
May 22, 1998). There was no specific precipitation event during sampling interval 2
(November 7, 1997 to May 22, 1998) that might explain this. The interval does include spring
thaw and the site is Iocaled 600 m downstream of the snow dump and the Brookdale Avenue
combined sewer overflow. However, no corresponding peak in mercury concentrations was
obzerved at this site in the spring 1998 samples.
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The mercury enrichment observed at RAPReef in May 1998 could be related to surface
runoff associated with construction of the EcoPark, which is situated at the waterfront
immediately upstream. Heavy construction work involving extensive regrading for the Rotary
Eco Garden Park occurred in January-February 1997, Additional grading was done in the
summer of 1997 and the stream system discharging to the 8t. Lawrence River was opened
in the spring of 1998. Although measures were taken to prevent soil erosion into the river
during construction (hay bales and stream closure) there could have been soil releases into
the stream or river during any of the three time periods Jan/Feb 1897, sumimer 1997 and
spring 1898 (N, Levac, City of Comwall, pers. comm. to K. Columbus, MOE, Eastern
Region),
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25 -f'f;ﬁfﬁﬁtagﬁiﬁﬁ_a;}t_Dispersion Modelling

In Aprli 19 Peter 'Neltleton, MOE completed a mode!lmg assassment of effluent plume
dispersion and retated sediment impacts from point source discharges in Cornwall (Nettieton
1899). The plrpose was fo delineate the contaminant plumes associated wilh past
discharges from major Cornwall point sources and their likely contributions to long-lerm
concentrations of mercury and zinc in riverbed sediment along the Cornwall waterfront. Only
the north channel of the St. Lawrence from approximately the Upstream end of Cornwall
Island to_about 1he downstream end of lie Saint Regis and {le Jaune was modelled during

An updaied versfon of MOE's KETOX model (Version . 2) was used which can graphically
present modelied impacts on water, sediment and aquatic biota using geographic information
system (GIS) mapping software. Details on the modelling procedures are provided In
Nettleton (1999) and much of the basic model application and calibration is discussed in
Nettieton's (1996) Cornwall Municipal-Industrial Strategy for Abatement {(MIBA) Pilot Site

modelling component report.

The parameters Used for point source loading inputs were average flow and average
concenltrations of merclry and zinc based on the 1989-80 twelve month MISA monitoring for
Domtar, ICI Canada, IC! Conpak, Cornwall Chemicals and Courtaulds, Similar parameters
were used for the Comwall Water Pollution Controf Plant (WPCF) based on 1987 MISA data.
Point source vaiues used in the modelling exercise are provided in Table 27, Please note
that Domtar, ICI Canada, ICI Conpak and Cornwall Chemicals all discharged through &
common diffuser referred to here as the Domtar/|Cl diffuser. As well, the Courfaulds shore
based and diffuser discharges referrecl to throughout this section were aclive prior to 1992.

Nettleton (1999) first dehneated the water column plumes from all sources Three basic
loading scenarios were then evaluated, each using the same river background
concentrations and iong~term average total river flow and stage conditions (Nettleton 1986).

The loading scenarios were:
(1) Use of average loads discharging from all point sources szmultaneousfy This
represents the best estimate of actual combined impacts within the river {with respect

to river background conditions), from all key point sources;

(2) Use of only the Domtar, IC! Canada, ICl Conpak and Cornwall Chemicals average
loads (l.e.; with zéro loading from Courtaulds and the Cofnwall WPCP). This scenario
estimaled the contributions of the impact within the river associated with the

Domtar/ICI diffuser discharge only;

{3) Use of only the Courtaulds average loads (i.e., with zero loading from Domtar, ICI
Canada, 1C| Conpak and Cornwall Chemicals diffuser and Cornwall WRPCP), This
scenario estimated the contributions of the impact within the river associaled with the

discharges from Courtauids cnly.
No scenario based solely on loadings from the Cornwall WPCP was run because any
influence from this source was dominated by the industrial discharges. Furthermore, the
WPCP diffuser is downstream from the areas of highest sediment contamination.

The above three loading scenarios were run for the following types of bottom sediment:
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average (‘fraction of fines"=0.64), coarse ("fraction of fines"= 0,24), fine (“fraction of
fines"=0.85) and spatially-variable bulk sedimenl, "Fraction of fines” refers to the perceniage
of fine-grained sediment, defined as sediment particles <63 pm in diameter (L.e,, silt or clay).
"Spalially-variable” bulk sediment was defined Using a combination of data from the KETOX
model of bottom sediment type and actual field data on sediment type. Spatially variable
sediment most closely resembles the actual distribution of sediment type on the river bottam
at Cornwall. The derivation of each of the bulk 'sediment types is provided in Netlleton
(1899).

For brevrty, this review includes only the following modelling results from Nettleton (1889} |

l. delineation of water column contaminant plumes from all point sources
mmuftaneously,

I impacts on “average” bed sediment from all point sources simulianeously;

i, impacts on "average” bed sediment from individual point sources; and

V. impacts on “spatfially-variable” bed sediment from all point sources simuitaneousiy.

a_il sediment types please refer to _Nettleion (1 9_99)
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L Delineation of water column contaminant plumes from all sources

Figures 78 and 79 show expected mercury concentrations in the water column plumes with
all point sources discharging simulianeously, based on the MISA monitoring data. Mercury
concenfrations range from an estimated background value of 10 ng/l. to about 43 ng/L In {he
vicinity of Courtaulds’ near shore outfalls.

Figures 80 and 81 show similar concentration contour plots for zine. Zinc concentrations
range from an estimated background of 2.0 pg/l to about 251 pgfl in the vicinity of
Courtaulds’ near shore outialis.

When interpreting the water plume delineation resulls in Figures 78-81 It s important to
understand that for KETOX modelling purposes the effluents are assumed to be “instantly
mixed" at the point of discharge and, for this reason, the mode! {ends to under predict water
plume concentrations. The KETOX model is not designed to simulate recirculation zones or
back eddies, as occur along a portion of the Courtaulds near shore area (see Section 2.1).
The implication of this limitation is that the KETOX model will predict a plume that is narrower
than the actual plume from the combined near share discharges of Courtaulds (Nettlston
1999).

I Impact upon “average” bed sediment from all sources

Nettleton predicted "potential” impacts upon bed sediment assuming a uniform “average”
river bottom sediment type over the entire waterfront area, Four plots depicting the areas of
greatesl impact with a high degree of resolution are included here (Figures 82 and 83 for
mercury and Figures 84 .and 85 for zinc).

The predicted mercury concentrations in "average” bed sediment ranged from an estimated
background concentration of 0,13 rng/kg to about 0.53 mgfkg in the vlc;mty of Courlaulds’
near shore outfalls, Zinc concentrations ranged from an estimated. background value of 52
mg/kg to nearly 6500 markg in the vicinity of Courtaulds' near shore outfalls (Nettleton 1989).

. Impact upon “average” bed sediment from individual sources

The.area between Windmill Point and Pilon Island is the zong of greatest mercury and zinc
impaci on bed sediment. To estimate the: Empact assoclated with each of the sources,
separate model simulations were made using the following scenarios:

(1) only the average 1989-90 MISA manitoring loads through the Domtar/ICl diffuser
(L.e., the loads from Domtar, ICl Canada, 1Cl Conpak and Cornwall Cherrilcals) exist;

(2) only the average 1989-90 MISA maniloring loads from all Courtaulds sources exisl.

For both of these loading scenarios, the same general river background concentrations of
rercury and zinc as used previously were assumed to exist {10 ng/L and 2.0 ng/L
respectively). Figures 86 and 87 (mercury) and Figures 88 and 89 (zinc) show the results of
the simulalions. The localion of point source discharges (near shore outfalls and diffusers) is
shown on each inap as a small open black circle. Sediment impacts of mercury and zine from
individual point sources as predicied by the mode! {Nettleton 1999) are sumimarized below.
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Mercury resulls;

. The contribution of mercury Impacts along the north shore in the vrcm}ty uf Courﬁau}ds
and downstream for about 1.5 km wouild be dominated by Countaulds'near shore
outfalls (compare Figures 86 arid B7). In the region adjacent to the shore within about
200 m of the near shore outfalls, the approximate conlributions of mercury to the
“average” hulk bed sediment would be: 0.12 ma/kg from the general river background,
0.02 ma/kg from the Domlar!IGi diffuser and 0.16-0.35 mg/kg from Courtaulds’ near

share outfalls,

. Further offshore, in the. regton under the plumes from the lwo offshore Courtauids
diffusers and up to about 200 m downstream from the diffusers, ihere is much more
river mixing and the polnt source contributions are not large compared with the r:ver
background contribution. Approximate contributions of mercury to the “average” bed
sediment matrix in this region would be: 0.12 mg/kg from the general river

background less than 0,01 mg/kg from Domtar][Ci diffuser and about 0.03 mg/kg
from the Courtaulds diffusers.” -

Zinc results:

. ~Contributions from Courtautds sources'xdomlnale the impact of zinc on hec_i sedimeni
- from Windmill Point to Pilon island (compare Figures 88 and 88), Looking atan area
within about 750 m of Courtaulds, the predmled contributions of zinc to the *average”
bed sediment are; 52 mg/kg from the general river background, 3 mg/kg from the
; Domtar!ICI diffuser and 765- 6445 mg/kg frorn Courtau!ds near shore outfafls

. _Further oﬁ’shore under the plumes from the two foshore Courtaulds dlffusers and up
~.4o.about 200 m downstream from the diffusers, the approximate zinc cancentrations
“expecied in "average" bulk bed sediment would be contributed as follows; 52 mg/kg

_from the general river background, about 1 mg/kg from the Domtar/ICl dszuaer and
“ghout 177-273 mg/kg from Courtaulds™ diffusers.

v, Impact upon “spatially-variable” bed sediment from all sources

To A55855. ‘the Impacts of point sources upon bottom sediments that have varlable grain size,
Nattleton (1999) mapped spatially variable bulk sediments using the KETOX msde! and -
exnstmg field dala on sediment characteristics (Kauss et al. 1988; Anderson 1980, Rukavma
1907).-Modelling results for spatially variable sediment (Nettleton 1889) are shown in Figures
80 and 91 (rnercury) and Figures 92 and g3 (zinc) and are summarized below

Mercury results;

v In the yeilow and orange. zone shown in Figure 90, mercury conce_r_}tratmn in
sediment is elevated above that expecled, due mainly to background exposure with
some contribution from Domtar/iCI. These zones represent sediment mercury
cancentrations of O 20- 0 30 mglkg (yellow) and 0, 30 0. 40 mg!kg {orange).

. The orange anci re_ areas w1thln the large zone between W dms!l Paoint and Pilon
Island and in the smaller zone lo the east of Pilon Island {Figure 91) are due fo polint
source contributions from both the Domtar/IC diffuser and Courtaulds' shore based
outfalls. The orange and red zones immediately adjacent {o the Courlaulds site
shoreline would be largely caused by Courtaulds’ discharges.
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The orange area within the zone south of Pilon Island reflects more the very “fine”
bed sediment in this region than the point source exposure levels (Nettleton 1998).

Zinc results:

The maximum expected concentration of zinc in bed sediment associated with the
river background exposure is about 70 mg/kg.

The zone In Figure 92 approximately 1 km downstream of the Domtar/ICi diffuser has
zinc elevated only slightly above that expected, due only to the river background
exposure, (The estimated zinc levels in this area are in the 85-70 mg/kg range,
slighlly above the value of 60 which would be expected for the bed sediment type).

All zones in Figure 93 colored green, yeliow, red, brown or black represent predicted
sediment concentrations of zinc greater than 120 mg/kg. As such they are clearly
assoclated with Courtaulds' discharges and above the LEL for zinc (120 mg/kg).

The entire near shore portion of the zone between Windmill Point and Pllon Island
(over 2 km in lenglh as shown in Figure 83) is significantly impacted by Courtaulds’
shore based discharges. Within this zone, there is a smaller area (coloured red,
brown and black) about 700 m long in which the SEL for zine (820 mg/kg) would be
exceeded,

‘The far field zone east of Pilon Island {coloiired green on Figure 93) Is largely above

the LEL of 120 mg/kg, due to both the near shore and offshate (diffuser) plumes from

-Courtaulds,

The zone to the sotith of Pilon Island reflecls impacts from Courtaulds’ offshore
diffusers in its northern portion and htgher lavels from the interaction of river
background exposure and very “fine" sediment in its southern portion (Figure 93).

Overall Conclusions

Netlleton drew the following conclusions from the variols modelling simitlations. Direct
guotes are from Netllietan (1989):

3

Delineation of plumes within the water column of the St: Lawrence River showed that

*most of the chernical mass flux from Courfaulds’ shore based discharges traveis
north of Pllon Jsland and the Colquhoun Islands. Most of the mass flux associated
with Courtalilds’ diffusers and the Cotnwall WPCP diffuser travels south of Pllon
istand but north of the Coiquhoun Islands. The cheimical mass flux from the
Donitar/IC| diffuser would be approximalely spiit in its flow past Pilon Island, but
would largely (arolind 95%) pass to the north of the Colguhoun Islands.”

“Mercury concentrations in the waler column were likely less than & ng/L. above the
river background levels, except along a limited near shore area of the Courtaulds
waterfront where they would have been more pronounced. However, the PWQO
would not have been exceeded” in any of the plumes.

“The concentrations of zinc in the plumes from Courtaulds' discharges (forming both
a combined near shore plume and a combined offshore plume) would have been
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significantly above the river background concentration. There was likely a significant
zohe within the combined near shore plume from Courtaulds, of about 2 km in length,
where the interim PWQO (of 20 (igil.) wouid have been exceeded.” (Background zinc
concentralion estimated at 2.0 pgfL; maximum predicted zinc concentration of 251

pg/l.)

. The modelling resulls of long-term impact assoclated with steady effluent loading
rates (similar to the 1889-90 twelve month MISA monitoring valugs) on “average”,
“fine” and "coarse” bulk sediments “indicate that mercury seems fo be more sensitive
than zinc to variation in the bed sedimeni type, This may be due In pari, to greater
distribution of zinc among the differing grain sizes.”

. “The relative contribution of the long-term impacts associated with the Domtar{/ICl]
diffuser and Courtaulds’ discharges, upon “average” bulk bed sediment, were
delineated in the Windmill Point to Pilon Island portion of the river. The Courtaulds
shore based outfalls would have contributed the most significant portion (80% or
more) of the mercury impacts along its wateriront, particularly within about 700 m of
the upstream end of the Courlaulds facility. Virtually all of the discernible impacts of
zinc (well over 95%) are due lo the various dischargas from Courlaulds.”

. Without the modelling analysls on spatially variable sediment, “looking solely at the
field measured data...it would be difficult to accurately assess and quantify the impact
associated with point source discharges. This is particularly so when the chemical's
aceumulation within bed sediment Is highly sensitive to the “fraclion of fines” (e.g.,
such as mercury), and the exposure levels from the discharge plumes are not
excessively grealer than the river background concentration. Under this -
circumstance, it would be easy to assaciate Impacts with point source discharges,
when in reality, they may be more reflective of sediment pockets possessing larger
concentrations of “fines”. Conversely, areas of higher impact concentrations futther
downstream from a key point source, may be arbitrarily explained as being solely due
to “finer” bed sediment, when in reality, this may only partially account for the higher
levels.”

. “Having an intensive, bed sediment characlerization measurernent grid is highly
desirable for quantifying the actual long-term impacts of point source discharges
upon bed sediment. Without it, “potential’ impact results must be used, which are
derived for an assumed, uniformiy spatially-distributed bed sediment type,

. “Potential” bed sediment impact results may be beneficial in setling water-guality
based effluent loading limits based on avoidance of unacceptable impacts upon
downstream bed sediment.

2.5.2 Kauss et al. (1988)

Kauss et al, (1988) reported the results of mixing zone modelling of point sources along the
Cornwall waterfront. Modelling indicated that discharges from Domitar/CIL{later ICI[/Cornwall
Chemicals and Courtaulds would be confined to the north shore, whereas the Cornwall
WPCP discharge would mainly flow south of Pilon Island and rnix with US discharges further
downstream. The north shore plume disperslon pattern was atiribited to two faclors: (1) the
strong lateral river velocity, and (2) the fact that 40% of the outfall diffuser ports were located
close to the shore In shallow water (0.8 m), preventing efficient mixing with river waler.
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Using phenolics loading data from a 1979 survey, the area with concentrations >1 pg/l. was
predicted to extend about 10 km down river from the Domtar/CIL/Cornwall Chemicals
diffuser, with a maximum lateral width of 180 m. The model predictions coincided well with
1980 field survey resulls (Kauss ef al. 1988},
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*." Upstream Loading of Mert_;_ti:fy__i.

A ﬁbft_ioﬁ_ ofthe contaminants in the Comwéil_s‘.acti‘on of the St. Lawrence_Rivgf originates
from the Greal Lakes basin and upper St. Lawrence River, Upstream inputs of mercury are
discussed here. T |

In order to calculate meaningful upstrearn loadings of mercury to the river al Cornwall, it is
necessary to use total mercury concentrations in river water (dissolved plus particulate) that
were determined using a sufficiently low method detection limit. Low level mercury technigues
were used fo analyze samples collected from the St. Lawrence River immediately upstream
of Gornwall In 1988 (unpublished EC/MOE data) and in a 1995-1996 mass balance study of
the 8, Lawrence River by Cossa et al. (1998). Table 28 compares upstream loadings of
mereury to the Cornwall waterfront area caloulated from these data.

Tabla 28. Calculated average daily upstream mercury loading to the north channel of the St.
Lawrence River at Cornwall, 1988 and 1995-1986.

1988° 1995-19962

Year sumpled
Total flow of 5t, Lawrence River.
(annualmean)® o 0

6850 ms 7543 mls

Portion flowing through north channel 34% 34%
Wean mercury concentration 0.6 ngiL dissolved  0.27 ng/l.
o particulate 218 p@tg* g /o

Mean merc

parliculate 2.1-21.1 ng/g

Analytical dotectlon limlt 0.1 ngiL dissolved  0.01-0.11 ngil.

7| 2 replicale samples | 39 samples

Sé"m";';n'i'i.:r'_'ig'ilih'q_-- e ymimer 1968 | May 1995 to end Sept 1996

downstream of approximalely 1 km upstream
Moses-Saunders of Moses-Saunders Dam in
Dam but upsiream | the main channel
of Cornwall paint
SOUCES

Annual mercury load (dissolved and. nia 112:katday
particulate) at Moses-Saunders Powar. ..
it lih T o b /\eoc

Dam_
121 gid 108 5gd
,’0 E:' 2” i?/g){ﬁfa

Galculated upstroam marcury loading to
north channe! at Cornwall sl

! unpublished EC/MOE data
2 Cossa et al, (1998}
3 measured at Moses-Saunders Power Dam (S1. Lawrence River Commitiee on Gauging 1985-

1995)
¢ mean total suspended solids=1.0 mg/L (+/- 0.6) In 1985-1896 {Cossa ¢! al. 1988}
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[2 gen 1 aulpl CEHLang e A e PP T I s &

NS ws A0
e 51



These figures are rough estimates only because of the variabillity in results for mercury in
water samples, Low level mercury analysis of St. Lawrence River at Cornwall water samples
by MOE Doraet (method of Mierle 1990) showed mercury concentrations ranging from 0.3-
0.9 ng/l. in 1988 samples and 2-3.5 ng/l. in 1881 samples. Although the reason for the
difference is unknown, it may have been the result of seasonal differences in sample
collections. In 1988 samples were collected in the summer, whereas 1991 samples were
collected in March (Richman 1894).
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2 7 A;r Deposition of Mercury

iCi Foresl F’roducts (ICI) operated a chlur»afkah plant at Cornwall from 1935 1995, releasing
merclry. d:recliy to the atmosphere. MOE monitored the impact of air emissions of mercury
from I1Cl on the local environment (Dixon and Emerson 1994) and assessed the associated
human health risk (Fleming et al. 1985). MOE also used data from Environment Canada -
audit monitoring of the IC facility to model the potential impact of mercury emissions on the

: Iocal enwronment (Ladouceur 1994)

' 'T_h_e_princtpak source of mercury from IC! was the cell room, which accounted for over 99% of
the mercury emitled fo the atmosphere (Ladouzeur 1994). Within the cell room, mercury
evaporated from contaminated equipment and surfaces, from spills and the mercury-cells.
‘The vaporized mercury dispersed throughout the room and eventually exhausted to the
atmosphere through roof monitors {exhaust vents), As part of their compllance testing
program, Environment Canada sampled mercury at ICI's roof monitors in 1993, During the
compliance monitoring period, mercury emissions averaged 2.85 g/day/1000 kg Cl,

produced and ranged from 1. 54-4.62 g/day/1000 kg Cl, produced. The Federal standard for

mercury emlss;ons is 5 glday/1000 l(g of Ciz productlon (Ladouceur 1994)

3a qn ICI {Cornwall) production ﬁgures and Environment Canada mspact;on monhitoring
data, tHe average daily loading to the atmosphere was calculaled as 434 g mercury {range
235- 704 g/day) irt 1993. in contrast, ICl eslimated that mercury loadings to air from all
sources at the Cornwall plant from 1982-1991. averaged 220 g/day (Ladouceur 1894).
Losses of mercury from other on-site sources besides the cell room roof vents would add to
the amount of mercury iost to the atmosphere. However, If the cell room aceounted for more
than 99% of the meraury emitted to air, the amount of mercury from the additional on-site
sources at ICI, Cornwall would be small (Ladouceur 1994).

Between 1987 and 1991, MOE sampled surface soil (0-5 cm depth), tree foliage and moss
bags (Fleming et al, 1995) Surface soil was collecled in 1991 at 22 |ocations in Cornwall,
Five sites near (wrthm 100-360 m of) the ICI Forest Products Lid. plant had mercury
concentrations above the Upper Limit of Normal (ULN} for urban soils (0.5 pg/g). Mercury
also exceeded the ULN for urban soils at two mher stations located 720 and 1880 m away
from the p_ia__n__t Surface soil sampling results are summanzed in Table 29.

Table 29 Mercury concenteations {pgla) in surface soll (0-5 cm depth) at 22 locations in Comwall,
Ontario, 1991 (summarized in Fleming et &}, 1995). Note: these sites were not located in

backyard gardens,

Sam}?lingdate : SDH marcury cuncentration (pglg) dry wt 5
e Lo 'Mean .Ut | Range.

May 1991 0.45 0.06-1.76

August 1991 |05 0,04-1,85

in 1993, MOE sampled garden soil and vegetables at ten backyard garden locations, Seven
sites were located in the residential area immediately east of ICl; one was located on Edythe
Avenue, just west of ICl; and two distant backyard gardens west of ICl were used as

controls. Six of the 7 sites east of |Cl had elevaled mercury congentrations in soil (0.19-2.37
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Hg/g) relative to control sites (0.06-0.08 pg/g). Mercury concentrations exceaded the ULN for
urban soils at 4 of the 7 sites east of IC] {Dixon and Emerson 1994). Results of backyard soil
sampling are summarized in Table 30.

Table 30, Mercury concentralions (pgfg) in Cornwall, Ontario backyard garden soils, 1983
{summarized in Fleming et al. 1895}.

Sampling dato

| Sites in viciniity of IGI (N= s) .| contral sltes (Nuz)

©|Mean - JRange T | Mean " | Range
May 1991 0.84 0.05-2.30 0.07 0.06-0.07
August 1991 0.8 7 0.07-2.37 0,07 0.06-0.08

Backyard vegetables were also collected from the backyard soil.sampling sites, washed and
dried prior to mercury analysls. Mercury concentrations in leaf letluce and beet tops were
higher at sites near I1Cl than at the control sites. Mercury concentrations in air samples were
generally higher at locations downwind of IC| than at the upwind locations. For further details
of the backyard vegetables study please see Fleming et al. (1895).

MOE's soils, garden vegetables and air data showed that mercury emitted from ICl was
deposited locally (Fleming et al. 1985}, Modelling of ICI mercury emisslons by MOE
supported this conclusion (Ladouceur 1984} Mercury emitted to the almosphere from this
facility was deposited on roads, homes and yards and, when the wind was from a niortherly

diraction, onto the St Lawrence River.

It is'not possible to calculate the loading of mercury to the St. Lawrence River by direct
deposition from the atmosphere becduse there is high variability in a number of factors (e.g.,
wind direction and intensity, daily temperatlre and humidity, chlorine production} and
sampling frequerrc:y and location have been inconsistent. Mercury deposited onto the ground
can be carried in surface runoff into the St. Lawrence River. However, the aciual amount of
mercury loading from surface runoff Is also.difficult to predict since portions of this mercury
may be Incorporated into the soil matrices or taken up by vegetation. Monitoring of
siormwater discharges may provide some insight into the degree to which local mercury
emissions to air affect stormwater quality and are transported to the St, Lawrence River in
surface runoff. For this information please refer to the Historical Discharges Report
(Columbus 2000).
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3. BIOTA =

Studies of sed.ment contammants and biota in the Corpwall area are reviewed in the
foilowmg sections on sport fish, young-of-the-year spottall shiners and benthic invertebrates,
It is important to note that. mercury, the main contaminant.of concern, may have little or:no.
demonstrable effect on short'term survival or growth of organisms but can biomagnify as s

‘passed up the food chain. Therefore, although this review separately discusses each type; of
< organism studied, the biological-findings should be considered together as a whole. This will

asslst in Interpreting the bio!ogacai data with respect o impilcatlons for sedimant remedlaf

reguirements.

3.1 Mercury in Sport Fish

Please nate that the sport fish section is sff!l Jn draft and a revised version may be provided
later as an addendum S

This section revxews existing interpretations of. spori fish contaminant (mercury} trends in the
St. Lawrence River from the Thousand Istands area to Lake St. Francis, With’ respect to fish,
which are highly mobile, “Lake St. Francls” shauld be taken to mean the entire-area from the
Moses-Saunders Power Dam to the Beauharnols Dam at Valleyfield, Quebec. The Moses-
Saunders Power Dam completely spans the- north.channel of the riverjust upstreamof
Cornwall. In the same area the St. Lawrence Seaway Snell Lock blocks the south. channel.
This physically separates Lake St, Francls fish from the upstream sampling sites, making
upstream vs. downstream carnparisons possible for lhe Cornwall area. :

Fish are the only blota for which a long-term-data sat on mercury concentrations is avaziable
for the St. Lawrence River at Cornwall. The MOE and MNR Sport Fish Contaminants®

:Program has generated a data set for contaminants in northern pike, walleye, yellow perch:
‘and white sucker from the early 1970s 1o the present. Fish are.collected annually or

blannualty from several regions of the St. Lawrence River (Thousand Islands, Brockwlle. _
Lake St. Lawrence and Lake St. Francis) as shown in Flgure 94 Years of sampling for each
species and region are listed'in: Table 33B,. . :

PEease note that all sport fish tables are placed together at the end of Seclion 3.1.86, exoapl
far Tabie 31 which:is’ :ncorpc:rated into.the text. :

31'1 - Introduction

TWO dsfferent approaches have- been used to analyze the MOE/MNR sport fish contaminants
database for the St. Lawrence River to determine tempaoral trends and spatial/regional
differences in mercury concentrations. Dreier et al, (1997) compared mercury concentrations
in standard Iength fish as described below and Lalonde (1999) used various statisticat
methods to examine regional and temporal differences In mercury.concenirations. Thelr
conclusions are discussed and compared in Sections 3.1.2 and 3:1. 3, The implications with
respecl to RAP delisting criteria for sport fish consumption are discussed in Section 3.1.5.

The sport fish contaminanis sampling program was not designed.to compare mercury
cancenirations in fish over time oriin different parts of the river. The data were collected
specifically to compile the Guide to Eating Ontario Sport Fish. Thus length but not age data

are available for all fish analyzed.
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Fish age is an important factor for a bioaccumulating contaminant such as mercury which
gradually increases in concentration with an increase in duration of exposure (i.e., increase
in age). This complicates attempts io detect trends in mercury contamination using the
MOE/MNR sport fish contaminants database. Temporal-and spatial comparisons of mercury
trends in fish are most meaningful if made on fish of the same age class. Fish length- may be
used as an approximator of fish age.

In the @bsence of age data, Dreier et al. (1997) used fish length as a surrogate parameter.
Since lengthiis related to age,:mercury data for each species of fish were standardized to a
specific length in order to compare tissue concentrations between years and between
sampling sites, Dreier et al. (1977) used the following standard lengths: 50 cm walleye, 55
cm northerrt pike and 25 cm vellow perch.

Length standardization assumes that for all sampled pcpulaiaons of a single species,
rercury concentration increases with length in the same proportions. Butthis'is not
necessarily so. Several factors affect the relationship between mercury and length, any or all
of which can vary betwgen populations of the same species:
» rate of growth;
. amaount of mercury exposure, which depends on:

« degree of mercury contamination in immediate environment,

= how high.on the food chain the fish:-population is feeding (higher=more mercury

exposure), 7

. genetic predisposition to accumulate mercury at a higher or lower rate.

With respect to the first factor above, the approximate age of a “standard length” fish of a
particular species may not be the same in all three St Lawrence River sites.: For instance,
whereas a 55 cm northern pike in Lake St. Lawrence would be 1-2 years old, the same
length pike in the Thousand Islands or Lake St. Francis would be 2-3 years old (M.
Eckersley, MNR, pers, comm. cited in Dreier et al, 1997). Table 31 shows geographical
differences In age-length relationships for yellow perch, walleye and northarn pike of the 5t
Lawrence River, Ontario.

Table 31.  Age-length relationships in “standard size" fish in the St. Lawrence River (M. Eckersley,
MNR, pers. comm. cited in Dréler et al, 1997).

Standard length j : e " -Age of standard femgih ﬂsh (years)
and species ‘ : —

T huusand lsiands - |'Lake St. RS "Lake St. Fran

e : Lawrance o _
26 cm yellow perch | rarely reach 25 cm, even at | 7-10 6-12
7 age8ord {moslly 7 and 8) {mostly 6, 7.and B)_g_____ o

50 cm walleye probably same as Lake 5t | 63 35

Francis but-data foo {mostly 4)

sporadic lo be sure

85 cm northern pike | 2-3 1-2 2-3
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The Dreler et al, (1997} and Lalonde (1999) analyses of the existing MOE/MNR Sport Fish
Contaminants database lead to some overall conclusions:

. Mare samples are required, with age:data included, in order to fully understand
patterns of mercury contamination in sport:fish of the St. Lawrence River.
¢ It Is not.possible, at the present time, to draw:any. definite conclusions about the

relationship belween changes in local point sourcze emlsssans of mercury and mercury
contamination of Lake St. Francis sport fish. - '
o The currently avallable data can be used to: do the foliowmg
‘Compare current mercury concentrations with consumpﬂon restnctlc:n guidelines
' _(see Section 3.1.5), and
- Compare concentrations in fish downstream of local paint sources (Lake St
~ “Francis) with upstream concentrations (Thousand Islands, Brockville 'or-Lake St.
.-“Lawrence) for each species (see Section 3.1.2). This will indicate whether the
“short-term dellsting criterion for the RAP Area of Concern has been mat forthe
spemes m_questlon (see Secnon 3.1.5).

Spatial compansons shouid take into account between-region differences in the relat:onship
between mercury and length.:Direct comparisons of pooled data (comparing mean mercury
concentration for all lengths callected in a given year) can only be made between regions for
which the mercury: Iength relationship is not signif jcantly different. However, a significant
regional difference in mercury:length relationship is in itself an important observation
because it could indicate a difference in exposure conditions (ambient concentrations of

mercury).

3.1.2 Regional Differences In Marcury Coﬂcentfatiun

Sport fish contaminants data exist for four regions of the:St. Lawrence River in Ontario:
Thousand Islands, Brockville, Lake St. Lawrence: and Lake St.‘Francis as shown in Figure
94, As discussed earlier, the Moses-Saunders Power Dam separates fish In the Cornwall
area (Lake St. Francis) from the three upstream: coliectlon siles in the rwer

Lalonde (1999) statistically analyzed the 1991- 1995 spos‘t fish: data 1o examine regional
differences in mercury concentrations, For detailed results. of the statistical analysis please
refer to Table 2 in Lalonde (1999). The main conclisions are outisned below and compared
with the spatial trends identified by Dreler et al. (1997) S

Please note that the statistical significance of observed dlfferences cannot be ascertamed
when comparing mercury concentrations standardized o a: specif Iof iength fish. Therefore the
conclusions of Dreler et al. (1997) are purposely described here uszng terms such as "similar
to" and “appeared to be different/higher/lower than,” '

Figures 95A, 95B and 95C show length-standardized mercury concentratlons by regmn and
year (mid-1970s to mid-1980s) for walleye, northern plike and yellow perch (A, Haylon, MOE,
Environmental Monitoring & Reporting Branch, data files). Error bars are not available, and
1herefore not shown, because the values graphed were obtained from the. regress:an of
cancentration vs, length. Table 32 provides dala associated with the regressions: including R?

| ﬁvaiues and number of fish sampled.

The conclusions of Lalonde (1899) and Dreier et al, (1997) regarding regional differences in
mercury concentration for each species are compared below:
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NORTHERN PIKE

The relationship between mercury concentration and length was not significantly

different in any of the four regions studied (Lalonde 1999). it was therefore

considered valid to compare pooled data (i.e, ali fi sh collected in a given year
regardiess of length):among all four regions.

Lalonde's (1999) analysis showed: that: mercury. concentrations-in.the Thousand
Islands, Brockville and Lake St. Francis were not significantly different from each
other. However, the lack of difference between Thousand Islands.and Brockville may
have been due to the low power of the test (too few samples to detect:a significant
difference if one existed) (Lalonde 1998),

Lalonde (1999) concluded that mercury concentrations were significantly lower in
Lake St, Lawrence pike than any other region, Likewise, Drefer et al. (1997) reported
that Lake St. Lawrence concentrations appeared to be lower than Thousand Islands
and Lake St. Francis, which were both similar to each other.

The reason for the lower mercury concentration in Lake St. Lawrence is unknown but
it could be explained by a faster growth rate for pike in this region which is indicated
in Table 31 above. In rapidly growing fish, the mass of mercury accumulated is
diluted by the greater mass of tissue ("blomass dilution”) so that mercury
concentration will be higher in a rapidly growing population compared with a
popuiation that grows more slowly (M. Whittle, Fisheries and Oceans Canada, pers.

comm.).

WALLEYE

@

¥

Lalonde (1999) found that walleye: mercury concentration increased with length
significantly more in Lake: St. Francis than in Thousand.Islands and Lake St
Lawrence. Lake St. Francis walleye data was {herefore not included in spatial
comparisons of mercury concentration (all lengths combineéd) by ‘year.

The significantly different mercury:length relationship in Lake St. Francis.is-an
important observation.although the reason for it is unknown at present..it.could be
due to greater mercury exposure in Lake St. Francis or a different growth rate in'Lake
St. Francis fish or a combination of both. Mercury enrichment in north shore Lake St,
Francis sediments has been demonstrated {Lorrain et al. 1993; Lepage 1999} as
described in Section 2.3.3.

An examination of median total fish length and the range in total lengths for each
population {Thousand Islands, Lake St. Lawrence, Lake St. Francis) shows that
differences between populations are modest compared to the large difference in
tissue mercury concentration (two to three times higher for Lake St. Francis), This is
especially evident when the range In mercury concentration and total length are
compared on an annual basis (L. Richman, MOE, Environmental Monitoring &
Reporting Branch, pers. comm.),

Drejer et al. (1997) reported that mercury concentrations appeared to be highest in
Lake 5t Francis walleye but that statistical analysis was required to confirm this.
Lalonde (1999} also stated that concentrations were highest in Lake St. Francis and
above consumption guldellnes

Mercury concentrations in Thousand Islands and Lake St. Lawrence walleye were not
significantly different but this may have been due to the low power of the test (too few
samples){Lalonde 1998).

No data were available for walleye in the Brockvilie region.

The significantly higher increase‘in mercury concentration with length in Lake St. Francis
compared with upstream walleye is noteworthy because it may be due to higher mercury
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exposure in Lake St. Francis. This would be consistent with. the:mercury enrichiment of
sediment i in the northem half of L.ake 8t. Francis dlscussed in. Sect;on 2 3 3.

It cannot be determmed from the Sport Fish Contaminants Prc:grarn data set how mercury
concenirations in Lake St, Francis Walleye statistically compare with walleye upstream of the
Cormwall area. This.comparison requires more samples, with age data included for each fish,

YELLOW PERCH

g The mercury: Iength ralatmnsh:p was not significantly different for all reglnns except
Brackville {Lalonde 1999). Brockville yellow perch were therefore not lncluded in -
Lalonde's (1999) spatial compansons by vear (all lengths combined).

. Both Lalonde (1995) and Drejer et al, {1997) reported that mercury concentrations
were similar in Lake Si. Francis, L.ake St Lawrence and Thousand Islands yellow
perch in the 1990s. The lack of a significant difference between Thousand Istands
and Lake St. Lawrence reporied by Lalonde (1999) may have been due to the low
power of the-stalistical test (too few samples to:see a difference if there was one),

WHITE 85U CKER

b 'Lake St, Lawrence was not be included in Lalonde 's (1999) comparison because the
re}ateonship between mercury and length was significantly different from the other
three regions. in fact, mercury concentrations did not vary with length in white
suckers from Lake St. Lawrence, but this may have been because sample size and
length-of fish were smaller than in other regions.

. For the.other three regions, mercury concentrations were significantly higher In
Brockville, followed by Lake St. Francis then Thousand Islands (Lalonde 1899).

. Drezer : '(1997) did not include white sucker in their analys:s

3.1.3 T'emporal Trends ln ‘Mercury Concentration

The main conclusions of Lalonde (1999) and Dreier-et al. (1997} on tempora! trends are
discussed separately below.

; 34341 Temporal Tre’nds (Lalonde 1999: MSc: Thesis)

Lalonde (1999) analyzed temporai frends in all species and regions for which: there was a
long term data set for the 1970s, 80s.and 90s, Statistically slgniﬂcant between~year

differences In mercury concentration are shown for each species and region in Table 33A
and the resulls summartzed betow The years for which spcrt fish contaminants data were

LAKE 8T, FRANCIS

in all species, mercury conceniratlons appear to have decreased from the late 1970s to the
early 19805 and rernained fairly stable with minor fiuctuations from then on.

LAKE ST. LAWRENCE

Northern pike concentrations have-been stable all years sampled (1881-1985).
Far walfeye, Lalonde (1999) concluded thal there were insufficient temporal trend data for a

valid analysis,
Yellow perch concenirations decreased each sampling year from 1877-19883 (laler years
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were not analyzed).
White sucker followed the same pattern seen in Lake St, Francis, with mercury
concentrations decreasing from the late 1870s to early 1980s, afterwards rernaining fairly ’

stable with minor fluctuations.
THOUSAND ISLANDS

In northern pike, mercury-concentrations declined from a maximum in 1976 to a level-that
remained stable from the mid-1880s through 1985, the last year included in the analysis: )
Lalonde (1998) did not analyze data for walleye, yelfow perch or white sucker in the
Thousand Islands region because the data did not date back to the 1970s.

BROCKVILLE

The pattern for northern pike was different than in other regions. Mercury concentrations in
the 1970s and 1980s were not higher than the 1980s. The 1892 concentration was
significantly higher than both 1986 and 1994. .
Walleye data were unavallable for the Brockville area {no samples caiiected) E
For yallow perch, 1876 was significantly higher than ali later years. 1985, 1986 and 1990
were higher than 1982, and 1992 was higher than 1994. In the Brockville area, mercury
concentration appears to have been continually decreasing in yellow perch over the: period
from 1976 to 1994.

In white suckers concentrations were higher In 1976 than from 1883 onwards, 1985, 1986
and 1988 values were significantly higher than 1994,

3.1.3.2  Temporal Trends (Dreier at al. 1997: St. Lawrence RAP Stage 2 Report)

Thedength-standardized data used by Dreier et al. (1987) did not allow for comparisons of
statistically S!Qﬁif icant between-year differences. Conclusions regarding temporal changes in
mercury concentration were therefore tentative: and requirements for further statistical
analysis or additional sampling were identified.. The discussion of temporal trends facused on
the area downstream of local point solirees of mercury (L.e., Lake St. Francis).

LAKE ST, FRANCIS

in-northern pike, mercury concentrations appeared o:decrease slightly from 1977 and 1978

to 1984, Values then remained stable until 1990, with the exception of a peak in 1988.

Concentrations may have decreased in 1892-1994 relative to the mid-1980s but additional

data and statistical analysis for the next few years is required to. confirm this trend,
For waﬂeye, mercury concentrations appear to have decreased from 1970 to 1982, .
remaining falrly stable thereafter except for a peak in 1992, o
Yellow perch have shown only small decreases in mercury concentration since. 1978,

Concentrations were highest in 1977, decreased in 1978, then remained. stable until 1990,

with the exception of a possible increase in 1986 (statistical analysis required to determine

significance) and a peak in 1989, A 1989 peak was also observed for narthern pike. The

1994 concentrations appear lower than 1880 but additional sampling is required to confirm

this frend.

White suckers were not included in the study.

THOUSAND ISLANDS and LAKE ST. LAWRENCE

Walleye mercury concentrations at Thousand Islands (1989-1993) and Lake St. Lawrence
(1981-1993) have shown hittle change. In these regions, sampling did not date back as far as
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in Lake St. Francis.
3.1.4 1998 Data

There has been additional MOE/MNR Sport.Fish Contaminants Program sampling since
Dreler et al. (1997) and Lalonde (1999) reported on the data set. Preliminary data shows that
for-walleye in Lake St, Francis, mercury: concentration in 1998 was in the range of
eoncentrations observed throughout the 19805 and 1990s. The 1988 concentration may be
higher than 1994 and 1991 values, although statistical. anaiy51s would be required to confirm

this, _
3.1.5 Status with respect to RAP Delisting Crlterla

The stated long term goal of the 51, Lawrence (Cornwatl) Remedla] Aciion Pian:is to haVE no

‘consumption resirictions on any fish species in the AOC (Dreier et-al, 1997), Since this -

depends upon reduction or virtual elimination of mercury from the Great Lakes-St, Lawrence
Basln as a whole, a-short term delisting criterion was set as well. '

in the shoft term, restrictions on sport fish consumption will be delisted as an impalrment of
beneficial Use when: contaminant levels in fish from the AOC are the same as or lessthan
those in fish from the St. Lawrence River upstream of the lroquois Dam (Dreler et al, 1997),

'The |roquois Dam is located upstream of Lake St. Lawrence and downstream of Brockville,
.so ‘this comparison does not include Lake St. Lawrence fish.

Body burdens.of mereury:have shown a gradual reductionin some sport fish species in the
RAP Areaof Concern’ (Lake St. Francis) since 1870, likely in response to decreases in local
emissions. However, there are stlll restrictions on consumption .of some species (walleye,
northern pike, smallmouth bass) due to-mercury contamination. Total mercury
concentrations in larger, older walleye (=65 cm) and channel catfish (265 cm) still exceed
Health Canada guidelines for restrictions:on the consumption of fish such that no fish of this
size and type should be consumed,

Based on the short term RAP delisting criterion.which compares upstream and downstream
mercury concentrations, it may be possible to delist for yellow perch in the area of concern
(Lake St. Francis). Both Lalonde (1999) and Dreier et al. (199?) reported that upstream and
downstream mercury concentrations are similar for this. species. Based on the results of the
two analyses, it may also be possible to delist northemn pike; but additional samples should

be collected to confirm this.

Fish-collections that include age data are required in.order o compare upstream and
downstream mercury concentrations in wal[eye Valid comparisons cannot be made using

the current data set.

Using the existing walleye data, mercury uptake through lime was compared for young vs.
old walleye of Lake St. Francis (A. Hayton, MOE data)..If concentrations in younger fish have
decreased aver time relative to older fish this would Indicate:a decrease in the ongoing
mercury contamination of walleye. Figure 95D compares:mercury concentration in a
standard length walleye for each sampling year by-three different length categories: (1) all
fish collected that were <45 cm in length, (2) only the samples-»45:cm in length, and (3) all
of the samples collected (all lengths combined).. Figure 95D shows no obvious difference in
mercury concentration over time among the three’ categories compared,
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3.1.6 lon ef al. {1997)

lon et al. (1997) analyzed mercury and PCBs In St. Lawrence River yellow perch collected
from ten sites in a 150 km stretch of the St. Lawrence River from the western border of
Quebec to Trois Rivieres. Five geographicai sectors of the river were sampied: Lake St-
Francis, Lake St-Louls, Laprairie, Montreal East, Lake St-Pierre. Two sites were sampled
within each sector, one on the north side of the river and one on the south. The objeclive of
the study was to examine spatial variations in concentrations of mercury and PCBs within
and between sectors and assess the usefulness of yellow perch as a biomonitoring tool.

Although no significant differences in.mercury concentrations were detected among sectors
or within any sector (i.e., north vs, south) this may well be because the sample size was very
low. Only. 5-fish were colfected per sile. According to lon et al. (1897), power analysis
showed that 80 fish persector-would be required to detect a 33% difference in mercury
levels in yellow perch with 90% confidence:that a significant dlfference had not been missed
(lon et al, 1997).
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Table 32.

Data associated with regressions of mercury, cancentration vs. fish Jength used to calculate
mercury.concentration in standardized length.sport fish (see Figures 95A, 95B and 95C).

 Source: A. Haylon, MOE, Enviranmental Mom!anng &REpomng Branch, data files, 2000,

R“ “'coeﬁ" clent of vadation of regression; N = number of fish analyzeci Standard value mercury concertration

_ (mgikg) Infi sh_uf a. standarcf tength, Standard lengths used were 60 com nonhern pike 45 om walieye and 20 cm

27~May#1978 . . :
Fike - 0i-Jan-1983] 0.87| 18| 047 1.20] 0.09] 54.9 76.20| 40.00 0.54
1-Jan-1084 | -0.85| 20| 0.64) 1.30] 0.28] - 63.0{ 82.20] 44.70 0.55
| 45.4un+1084 | 0.85] 201 0.64] 1.30{-0.29| 63.0| 82.20] 44.70 0.55
“|lo1-Aug-1084| 0.71] 20| 0s0] 1.40| 0.16] 60.3) 76.50 44.60 0.48
|04-5ep1985]-0.43| 6| 0.56) 0.00) 0.23| 62.2| 68.10] 55.40 0,53
06-Sep-1985 #0231 10| 0.58] 0.78] 0.26| 57.7| 71.10| 49.80 0.59
22.Sep-1986{ .0.85 |+ 15| ‘0.52| 1.90| 046] s8] 72.40] 40.10 0.52
26-Nov-1987| *0.87] “20]0.53| 1.70| 0.15] 55.1] 87.50] 40.60 0.63
15-Aug-1988| 0841 --14| 041] 084 0.13] 536) 71.10] 42.30 0.53
|22-Aug-1988| 0.29] 21{ 0.57) 1.10} 0.23] 59.0| 74.30] 40.00 0.58
01-Sep-1988| 0.76] 20l “052] 1.06] 0.13] 60.4} 83.001 44.10 0.50
01-Sep-1981] 0.70] 29} 0.51]:1.20]:0.18] 60.8] 84.601 48.00 0.49
30-Jul-1992| 047} 19| o0.601-1.101:0.14| s658] 79.00] 27.50 0.65
01-Nov-1993] 0.45| 23| 6.50] 110} 0:18] 58.5] 76.00] 46.70 0:52
03-0ct-1895| 0.47] 20| 048] 0.93]°0.20] 59.6{ 83.80] 19.20 0.48
: Ei?‘r;hﬂm gidrﬂi?m 01-Jan-1975| 051] 24| 062| 2.00] 0.47) 607) 87.00] 37.00{ 0.53
I 01-Jun-1978] 012 23| 053] 1.50] 0.20] 61.2] 77.50] 3800 0.53
01-Jan-1983} 061| 20| o.4e| 110} 0.14| 582] 69.60|43.00 0,52
01-Jan-1983| 093] 6] 0851 1.20] 031 e1:1] 7500] 4000 0.81
20-Jun-1984] 6.7 20| o0.56] 1.20] 0.25] 61.2{ 78.20] 30.30 0,52
2i-Jul-1984]| “0.82| 20] 042] 091] 0.24] 5281 73.40] 38.80 0.51
09-Sep-1985| 0.80( 9| o0.47| 0.99) 0.21] s8.0| 80.90} 47.90 0.49
24-Sep-1086| 0.72] 19| 0.46] 1.40] 0.13] s2.2] 81.801 40,20 0.38
25.5ep-1986] 047] 18| 0.44] 1.00] 0.23] sd6| 60.80] 43.10( 0.52
18-Aug-1988| 039 18| 0.50| 0.81] 0.19] 53.0| 68.30] 45.80 0.58
23-Aug-19688] 065 20| 053] 1.30] 0.23] 6221 78.50] 47.20 0.47
07-Sep-1990| 0.86] 20| 0.60] 1.20} 0.47| e2.3] 70.00{ 47:50 0.51
30-Ju1082| 021 8| o0.70] 0.83] 0.60} 8411 72.80] 55.50 0.69
27-Sep-1994| 053] 19l o050/ 1.68] 0.11] sB2| 72.40] 4270 0.52
Northern |Lake St | 03-Oct-1977] 071) 8] 0.45{ 0.82| 0.17) e3.7] 77.10] 36.30 0,39
Pike tawrence | oy jan.1981| o74| 21] o.26] 130} 0.11] s8] 84.50] azoo 0.35
08-5ep-1983| 0.16{ 20| 0.33] 0.76] 0.15] 60.5] 77.80} 48.00 0,33
24-Sep-1985| 0.83] 20] 0.39] 1.10| 0.14| 66.1] 8550] 47.50 0.27
10-Sep-1987] 0.801 18] 0.31{ 0.65] 0.08] 632 77.60] 51.50 0.26].
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S T otal Meredry

 Standard

spoclos |Locat | tmgte) L (em) | Standard.
ENETEUEI e S I 1 Fo oo value.
Azl fMean | Maxg BMing Moan| Mo oMind imgikg)
01-Beop-19891 0641 201 0.3t} 1.00] 0.13] 60.7] 86.00] 4050 0.30

15-Nov-19911 0.72| 20| 042} 0.88) 0.21] 65.1| 80.50} 50.40 0.34

01-Nov-1993| ©0.79] 141 0.41] 093] 0.15] 6586] 87.10] 54.70 0.31

03-Oct-1985| 0.67| 20{  0.44] 1.00 048] 64.8] 78.50] 54,60 0.34

Northern |Lake St. 01-Apr-1977| 0.761 40| 0.69] 1.20] 0.26] 53.5] 71.00:37.00 0.82
Pike Francis  In1.pug-1978] 076] 7| 093] 1.50] 031| 51.4]|67.00) 38500 . 147
01-Jan-19811 0.90| 21| 0741 1.50] 0.25] 57.8] 77.00( 33.00 0.74

11-Sap-1984{ 075! 23| 0.65| 1.20] 0.27| 66.4| 80.20| 31.40 0.70

27-Sep-1984| 0.74] 25| o042} 0.84] 0.18] 52.3] 69.50] 40.40 0.54

30-Sep-19861 0.88] 17| 0.64{ 1.60] 0:28] 57.8] 80.70] 38.00 0.64|

25-0ct-1988) 0.151 201 0.59] 1.60] 0.22] 50.4] 58.40} 41.50 0,69

15-Dec-1989| 0.88] 15! 0.58) 1.40] 0.23] 48.4] 70.00] 36.00 0.91

'15-Dec-1989)  0.08] 23] 0.53] 1.10] 0.16] 49.4] 87.00] 32.50 0.55

01-May-1990} 075} 20] 0.64] 2.60] 0.32] 59.4] 92.00] 42.00 0.54

0.60] 1.30] 0.20] 63.3] 89.20] 47.60 0.49

0.47] 1.20] 0.20| 57.8{ 82.50| 40.20 0.48

Walleye [Thousand |01-Sep-1988! ‘048] 13| 0.37 40| 25.50 0.29
tslands  1o1-gep-1901] 0.79| 8] 0.34] 0.82| 0.09] 54.4| 70.00] 32.50 0.16
01-Nov-1993| o0.86] 10| 0.33] 0.87] 0.06] 49.8] 71.00] 20.20 0.20

03-Oct-1985| 0.94 5| o.18) 0.32] o.08] 37.2) 50.30} 26.20 0.24

Walleya  [Middle 07-Sep-1990 1] 0.32] 0.32] 0.32] 50.2] 50.20] 50.20 0.32
Comdor |7 5ap.1994] 0.14| 6] 0.29] 0.40] 0.21] 47.4] 55.00] 42.00 0.28

Walleye:  |Lake St, 01-Jan-1981] 0.89] 20| 0.19] 0.34) 0.08] 43.5| 53.60]31.50 .20
Lawrence | oa.sen1083| 0031 17| 0.27| 0.72| 0.08] 41.3] 82.201 28,201 0.28
24-Sep-1885! 0.92( 20! 0.28] 0.71] 0.11] 46.7| 63.00] 36,50] 0.21

15-4pr-1986 | 0.82] 30| 0.47] 0.97] 0.06] 61.8] 60.00] 41.50 0.31

10-Sep-1987] 0.92] 20| 0.19] 0.45] 0.08] 46.7] 59.60] 33.40 0.16

25-0cl-1988] 0.82| 11] 0.62| 1.40] 0.14] 57.4| 74.60| 33.40 0.26

01-Sep-1989) 0.74| 21} .0.28| 1.40f 0.12] 455| 64.50] 32.50 0.18

15-Mov-1981| 0.80] 20! o0.28] 0.92] 0.08] 46.2] 62.00] 18.00 0.20

01-Nov-1992] 0.88] 29| o0.15] 0.48] 0.07| 39.5) 61.00] 26.80 0.19

03-0ct-19951 0.88| 20| 0.2t} 0.44} 0.09] 41.2] 58.90] 26.50 0.23
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; Standard

Specle I_:.-._t_:ga'ﬂg'.r._i' :_5' ggigf?l? T =1 value
a colmilis e L Min| - (mglkg)
. fLake'st. | o4-apr1978| 0.91 44.00 0.69
c|Francls | o1-Aprig77| 097 a7.00f 085
01-Apr-1977| 073 47.00 1.04
‘01-Jan-1981] 0.80 '31.50 0.62
- [ot.Jan-1g82] 041 760 074
- |27-Sep-1984| 0.85 51.70 0.50
i |31-Aug-1985] 0.88 38.50 0:52
- |a0-sep-1986] 0.94 38.20 0.47
1 05-5ep-1987 |- <0.15 45.40 0.61
25-0ct-1988 | --0.091] - 38.00 0,80
_l158-Dec-1989| 0.74 31.00 0.48
15-Dec-1988 | © 0.59] 31.00 0.47
15-Apr-1890{ 0.18]" 2 42.80 0,78
01-May-1990| 0.87 48.10 0.41
19-Dec-1991] 0.78 33.50 0.41
20-Dec-1891] 0.70 4800 0.57
|02-Nov-1992|- 0.18 5200 0.80
07-0ct-1994|  0.80 5036501 042
‘{Walleye - . |Raisin River | 01-Jan-1978| 0.81 | 37.80 0.66
' ) 01-May-1991| 0.69 | 4000 0.59
11-May-1992| 0.91 40,201 0.34
03-May-1993| 0.89 44607 033
iYeliow. . {Thousand |27-Mav-1976] 0p1] 6| 033 0.49] 0.20] 20.5] 25.00] 18.90
- |Perch. :|lslands 01-Jan-1983] 077] 12| 048] 04sl 0.10] 19.0] 24.50{ 16.20
| 01-Jan-1984| 0.43| 23| 040! 0.84] 0.9} 23.6{ 26:6021.10
L7 45-Jun-1084| 0.43] 23| 0.40] 0.84] 0.19] 23.6] 26.60] 21.10
Lo |22-8ep-1088] 0921 11| 0.24] 0.78] 0.07] 18.6] 2530 17.30
7 7145-Aug-1988)] 061 28| 0.17] 0.64] 0.01] 18:5] 23,50 15.40
Ui |22-8ug-1988| 031 17| 0.08| 0.20) 0.02} 18.5| 22.60| 15.00
- |o1:sep-1989] 0.27| 20| o0.27] 0.38] 0.15] 22.4] 27.10] 18.30
|o1.sep-1991] -0.13] 14| o0.20] 0.32] 0.09] 20.8] 23.40] 19.00
:30-Jul-1082| 0.82] 22| o0.18] 0.52] 0.06{ 18.0] 25.40] 15.50
D-Nav-1993] 052] 27| 0.15] 0.37] 0.05] 20| 24.80] 12.20
03-Oct-1895! 0.021 20| 0.19! 033} 0.08] 21.5]| 26.70] 14.60
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Total-Mercury

“Standard

Spacies :i-ﬂcat’ﬂ“:'f: gzmpi (mgikg) S (cm) 1 value
AR Max | Min| Mean | ~Max |~ Min| (moikg) -
Yellow  |Middle 01-dan-1875) 0771 274 0:40| 1.1 0.48] 21.4] 28.50{ 17.60 0.31
Perch  (Corddor | gr.yup1u78| oes| 7| o0.3s] 073 0.21] 180 20.00] 1500 0.51
0i-Jan-1983| 0.89| 17] 0.33| 0.76] 0.12| 20.1|.27.70] 14.20 0.30
01-Jan-1983] 0.84] 20| 0:30] 0.62] 0141 24.2] 29.50| 21.20 0.15
20-Jun-19841 048] 19] 0.47) 0.71] 031} 25.5]29.30] 23.30 0.30
21-Jul-1984] 0.82| 30| 0.34] 0.67] 0.12| 24.8]|30.10] 21,80 0.15
09-5ep-1085| -0,31{ - 10| 0.30] 0.51] 0.17] 23.8] 27.00| 22.40 0.30
13-Sep-1985|  0.64 8| 0.30] 0.38] 0.21] 248! 31.00] 22.80 0.23
24-Sep-1986{ 0.83] 20) 0.22] 045) 0.11] 20.6] 26.10| 16.50 0.20
25-Sep-1986| 0.64| 20] 0.29) 0504 0.12] 23.5]| 28.50| 18.60 0.19
18-Aug-1988| 050] 24| 0.12] 0,60 0.01] 222] 2960} 16.70 0.05
23-Aug-1988] 0.68] 21| 0.30] 0.70] 0.18] 21.4]| 27.50] 17.00 0.24
07-Sep-1880| 0.02| 20] 0.25} 0.39] 0.10| 23.7] 28.00{ 16.00 0.25
30-Jul-1992| 0.71{ 42| 0.27] 056] 0.11] 19.4| 30.10] 15.00 0.28
27-5ep<19941 0.42| 28| 0.25) 0.77| 0.13] 21.8| 26.60] 18.70 0.21
Yellow  |Lake St 03-Oct-1877| 0.80] 25| 0.24| 0.72] 0.10} 18.8] 25501 13.60 0.25
Perch  |Lawrence | o4.jan.1084| 048] 18] o030 07] 008l 228] 26.80] 16.50 0.23
08-Scp-1983] 0.83| 60| 0:19] 0.42| 0.06] 19.2) 37.20{ 14.60 0.20
24-Sep-1985| 0.68) 201 o0.22] 047 0.40] 210} 27.50] 15.20 0.20
10-Sep-1987| 0.81] .. 20| .0.15| 0.30| 0.05) 20.6| 26,10| 15.10 0.13
25-0ct-1988| 0.49| 10| 0.7].0.24] 0.14] 23.0] 27.40] 18.30 0.15
01-Sep-1989) 0.45] 201 0.23] 046] 0:14| 203] 28.70| 15.30 0.23
15-Nov-1081] 0.52] 20| o0.48] 0.38] 0.05] 21.0] 25.20] 16.30 0.16
01-Nov-1993] 0.86] 26| 0.12{ 0.38] 0i04( 20.0] 30.00] 14.20 0.12
03-0ct-1895{ 0.24| 20f 0.18} 0.33] 0.09] 23.8].27.00] 20.30 0.16
Yallow  |Lake St. 01-Apr-1977] 063 321 046] 1.30] 0.17] 21.6] 29.00] 16.00 0.34
Perch  Francis  |gq.au9.1078] -042] 4| 0.0 0.35] 0.22] 21.2| 22.00] 2000 0.28
p1-Jan-1981| 0.82] 20| 0.30] 046] 0.22] 23.0| 27.001 21.30 0:20
01-Jan-1983{ -0.48| 28| 0.36] 0.62] 0.18] 25.2]| 27.50| 2240 0.22
11-Sep-1984| 0.78] 32| 0.28] 0.72] 0.11]| 24.0] 29.30] 14.60 . 0.15
27-Sep-1984| 0.75| 28] 0.28] 0.61) 0.14]| 21:8| 27.50] 14.20 0:24
30-Sep-1986] 0.54} 20| 0.24) 0.49) 0.10| 24.4| 28.30] 18.60 0:13
25-0ct:10881 0.751 20| 0.26] 0.55| 0.42{ 23.8] 28.20] 14.70 047
15-Dec-1080| 0:60| 18! 0.32] 0541 0.17] 22.9] 26.001 20.30 0.23
15-Dac-1988| 0:27] 20! 0.29]| 0.43]°0.45] 20.9] 23.00] 18.30 0.28
01-Mav-1800| 0.67| 40} 0.20] 0.54] 0.08] 222120.00] 18.10 .18
02-Nov-1992] 0.27{ 31| 0,19{ 0.32] 0.08| 23.9] 31.50{ 18.20 0.16
07-Oct-1884{ 0.03] 20| 0.45] 0.24] 0.41] 21.3) 25.50] 18.10 045
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Table 33A.: Temporal variability in mercury concentration within species and regions from Lalonde's
(1999) analysis of MOE/MNR Sport Fish Contaminants:database.

"+ 1976 higher than 1985 onwards

Thousand Is. nor}har_n pike
© 7 | » stable from 1985-1995
walleye 1 Ibng term data set from 1970s onwards not avaf'iébfe
yellow perch | jong term data sef from 1970s onwards not ava:‘fabié
white sucker !ong_iékm "da!a -set from 19705 onwards not avaifable
| Brockville norihern pike | » 1992 higher than 1986 and 1994
+ 1970s and-80s not-higher than 1990s
walieye * no samples:collected
‘yellow perch- | = 1976 higher than 1983 onwards
« 1985, 1986-and 1990 hlgher than 1992
+ 1992 hlgher than 1984 .
white sucker | + 1976 higher than 1983 onwards
+ 1985, 1966 and 1988, higher lhan 1994
Lake St ' ""ri'orihem‘pike »stable all years sarnp“_ 31-
Lawrence. - -
swalleye fong term data sat from ’.' 9?05 onwards not avallable
f.:yelllltdw perch |+ decreased each sampilng year frorn 1977 1993
| white sucker | + 1975 and 1977 higher than 1985 onwards
« stable from 1985-1993 RECRp
LakeSt. | northern pike | * 1977 higher than 1984 and-1990
Francis + 1981, 1988 and 1969 higher than 1992 and 1954

« apparent decrease over time especial%y from 1980s to 19905

« 1976 higher than 1882 onwards

walleye:
' « 1977 and 1978 higher than 1981 -onwards
=sfable 1989-1994 (i.e,, 1989, 1890, 1991, 1992, 1993, 1994)
"yeEIowiper_ch - decreased each sampling year from 1877 lo 1_‘39_0_

» slable 1990, 1882 and 1994

‘white sucker

« 1976, 1977, 1978, 1981 and 1982 higher than later years {1988,

1990 and 1994)
= stable during 1988, 1980 and 1994
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Table 338, Years of MOE/MNR Sport Fish Confaminants Program sampling for each species and

region reported in Lalonde (1999).
Note: data for additional years may be avallable in some cases,

Region Spacles | : . Yoars Sampled
' | | 1a70s 1980s - 19%0s

Thousand Is. northermn pike 76 84,688,890 91,93,85
walleye 89 51,83,85
yellow perch 83,8488 89 51,93
white sucker 83,84,85,86,87,88 83

Brockville northern pike 75,78 B3,84,85,86,87,88 80,92,04
| walleys ' no samples collectad
yellow perch 75 83,84,85,86 90,92,94
white sucker 75 83,84,85,86,87,88 92,94

L. St Lawrence | northern plke 81,85,87,85 91,93,95.
‘walleye 81,85,86,87,88,89 91,93,95
yellow perch 77 81,85,67,88,89 92,93,95
white: sucker 75,77 85,687,689 93

L. 8t Frangis narthern plke 7 81,84,66,88,89 80,92,94
walleye 76,77,78 81,82,84,85,86,88,89 90,91,92,93,94
yellow perch 77 81,83,84,86,88,89 80,92,94
white sucker 76,7778 B1,82.88 80,94
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3.2 Spottail Shiners

The spottail shiner (Notropis hudsonius) is a forage fish that accumulates substances such
‘as.PCBs and mercury by ingestion of contaminated sediment, uplake from water. passing
over the gilis and feeding on contaminated: organlsms in the foad chain. Young-of-the-year
spottails.have a very limited hame range, foraging in a stretch of the near.shore zone: with a
range <1:km. It can therefore be inferred that contaminants found in juvenile spottal tissues
were present in the aquatic ecosystem during the Year of fish collection and within the '
confines of their home range. Spottail shiners are therefore useful blcindicalors of localized
sources of bioaccumulative contaminants and have been used exiensively as such
throughout the Great Lakes basin,

MOE has collected young-of-the-year spottails from over 26 stations in the north and south
channel of the St.:Lawrence River al Cornwall and Massena since 1979 (Figure 96). All. -
stations were not sampled every year, but for at least six stations there are over five years of
data and at least 11 stat;ons have data from three or more: years

The total PCBs data fer Sthtal!S are more useful than the mercury data in the Cornwall
AQC. The correlation between:tissue and sediment concentrations'is: much.stronger for
PCBs than it is for mercury. This may be because PCB sediment concentrations.jn south
shore sediments were much higher:than mercury concentrations in nc_arth-s_hore sediment,
making it easier to detect bioaccumulation of PCBs in spotiails. Moreover,:
accumulate more readily than mercury- in young-of-the-year spottali shmers PCB results are
discussed In further detail in Dreler et al. (1897). IR :

:-fiMercury concentrations in spottails: c:ollected from the upstream raference site’ In Lake St.
“Lawrence (Macdonnell Istand) ranged from a low of 1148 ng/g wet wt in 1989 lo a high of
6318 ngig wet wt in 1991 as shown in Table 34 and Figure 96A. In all years of samp!ing.
mercury concentrations were similar:in fish:collected from the south channel of ihe river at
'Massena, NY -and fish from the upstream reference site, .

As shcawn in Figure 96A, spoltails collacted from the north channel of the river at. ComwaEI
generatly also had mercury concentrations.simifar to those at the upstream reference site
exceptin: 1988, 1889 and 1990. In these three years, total mercury concentrations In
spottatis collected at the Cornwall marina {Cornwall Civic Complex) were significantly higher
than infish from both upstream (reference site) and downstream {at Pllon Island) of
Cornwall, Concentrations downstream at the Pilon Island site were similar {o upstream
reference-site vaiues (Dreier et al. 1997).

Except for the. 1988-1990 data, these resulls do not reflect the presence of local discharges
of mercury along the Cornwall waterfront known-to have occurred from 1979 to the 1980s
until the closure of Courtaulds in 1992 and the ICI chior-alkali plant.in 1995. Possible
reasons for the unclear mercury data for spottails collected along the Cornwall waterfront are

listed below:

. Spottails may take up mercury more from the water column {transferred Into blood
stream from water passing over glils) than from the sediment (ingestion of benthic
organ:srns and contaminated sediment). If so, mercury contamination would only be
seen infish collected close enough to mercury point sources (effluent) to be affected
via the water column. Spottall sample sites were limited to places where fish could be
found, The Cornwall marina site was about 1.5 km downstream of Domtar/ICI
discharge, so the home range of spottails.collected there probably didn't include the
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point of discharge. Likewise, the station closest to Courtaulds was about 1.6 km
downstream of the Courtauids discharges.

. There could be a delay between discharge of inorganic mercury and the appearance
of mercury in spoliails, as Inorganic mercury is converted to methyl mercury which is
then taken up through the food chain.

. Spottails are forage fish that feed on p!ankton and benthicinvertebrates. There may
not be enough biomagnification at this pomt in thefood: chain to see a clear effect of
mercury accumulation as can be seen in sport fish that are at the top of the food

chain,

The Cornwall area spoltail shiners data are discussed furlher in Dreier et al. (1997) and
Crabbe et al. {1997). Mercury data from 1987-1897 are summariZzed in Table 34 below.

Table 34, Total mercury concentration (ng/g wet wt) in spottail shiners from the St. Lawrence River
near:Cornwall, Ontario, 1987-1987. Source: L. Richman, MOE, Environmiental Monitoring
&-Reporting Branch data files. sd=slandard deviation.

Year.Sampled - MacDonneH Gornwa!l Pilon l_slan_d ‘Thbhipson

1] CMaripa o !sland .
L : “{ meari | sd | mean | sd | mean:] sd |'mean | ‘sd *
1987 38| 4 46 5 40 0 40
1988 26 15 101 27 47 17
1989 11 Bl.. &9 31 25
1930 420 8| .64 9 29 7 40 0
1991 83 8 77 10 60 8
1593 48 5 g4y . Bl
1996 26 5] 28 4 28 4
1997 16 5 36 11 28 8} 22 5
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3.3 Biological Sediment Assessments

The effects of sediment contamination on aquahc Urganasms must be consldered when
determining the need for remedial actions. Examples of biological. effects include:

s toxiclty to benthic {(sediment-dwelling) Invertebrales
. alterations in the types and numbers (community structure) of. benthlc mVertebrates
. avaitability of sediment contaminants to aquatlc organisms _

Unfortunately, the effects of mercury contamlnatlon on aquatlc organisms are not readlty
measured. Although some contaminants have demonstrable short-lerm effects on aguatic
organisms, bioaccumulative substances such as mercury act over a longer time period.-As a
result, standard bioassessment techniques such as short term contaminant uptake studies
and.acute toxicity tests are not likely to show significant effects due to mercury.. Neither: is
mercury contamination expected to cause significant allerations in the structure of '
communltles of organlsms low on the food chaln such as benthic invertebrates.

The biotog;cal lm at:t of mercury contamination-occurs through the process of
biomagnification. Mercury tends to be retained once ingested and Is therefore passed by
ingestion up through the food chain, resulting in higher and higher concentrations at each
trophic (feeding) level, Top:predators such as:sport fish can accumulate mercury.to
concentrations that exceed human consumption guidelmes '

The sediment bioassessmenl resulis: dlscussed in: the followmg seclions should be
Interpreted in this light and in combination with the sport fish mercury data (Section 3.1).
Standard Eaboratory bioassessments of Cornwall sediment samples are discussed below, but
since mercury is one of the key contaminants of concern other types of studies would be
required to fully assess the blalag:cai effects of contaminaﬁon in these sediments

Sediment collected from the Cornwall Waterfront in October 1997 was: assessed for acute
toxicity, short term bioaccumulation potential and benthic community structure b "%MOE
(Bedard 1899). and Environment Canada (Reynoldson, in prep.). These: and earlier. bzologlcai
studies of Cornwatl sediment (Richman 1994, Jaagumagi 198?) are raviewed belc}w

Please nole that there were differences in sedsment samplmg and anatyms fc:r Bedard (1999}
and Reynoldson (in prep.) accounting for slight differences sediment chemistry reported by
the two authors. Two sediment collections were made on the same date from opposite: s:des
of the boat. Bedard (1999) sediment was collected by Ponar dredge, Chemical analysis: of
these samples was done by MOE on sieved sediment. Reynoldson (in prep.) sediment .
samples were callected by mini-box corer and analyzed unsieved by Enviranment Can_ada
{(Sepratech) (T, Reynoldson, Environment Canada and L. Richman, MOE, pers, comm), .-

3.341 Toxicity and Bioaccumulation, 1997 (Bedard 1999}

Bedard (1999} assessed the spatlal patiern of sediment toxicity and chemical
bicaccumulation using static, laboratory lethal and sub-lethal toxicity tests and a shortterm
bloaccumulation assay. The testing was done on surficial sediment.collected by Ponar
dredge in October 1997 from seven sites along the Cornwall waterfront between the
Lamoureux Park boat launch and Pilon Island (Richman 1589) as shown in Figure 87.

Three independent tests were performed on bulk sediment samples; (1) mortality, growth
and avoidance behaviour of the burrowing mayfly, Hexagenia limbata, were measured in a
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21-day test; (2) mortality. and growth of the chironomid, Chironomus fenfans, were measured
In a 10-day test;-and (3) mortality and Inorganic chemical uptake by the juvenile fathead
mirnow, Pimephales promelas, were examined using a standard 21-day test. Mayﬂles and
chironomids are sediment dwelling (benthic) invertebrates and the fathead minnow is a

bottom forager.

Sediments were analyzed for physical paramigters, nuirients, trace metals {including total
mercury), chlorinated organie compounds and pesticides, PCBs, polycyclic aromatic
hydrocarbons (FAHs) and total petroleum hydrocarbons (TPH).. Sediments used for the
uptake assay were stored frozen for 3 months and reanalyzed at the lime the assay was

done,

Bioassay resulls for the test sediments were compared with results for sediment from two

locations:

(@) a ‘reference’ site (station C8-175) near the south shore of the north channel, known
ta be less mﬂuenced by local contaminant sources than sites near the north shore;
and

(b)  a‘negative control’ site at Honey Harbour, Georgian Bay that provided a sampie of
relatively uncontaminated sediment.

3.34.1  Toxicity (survival'and growth) (Bedard 1993)

The bioassay fest results are reported in Table 35, reproduced from Bedard (1999), Few
statistically Stgmf cant-toxicological effects were found. Organism survival (mortality) of all
three test species wag not affected by sediment from any of the test sites. Growth was
significantly reduced at two sites for one:test animal, the mayfly (Hexagenia limbata). Mayfly
nymphs were 47% and 28% smaller by weight than the reference animals on exposure to
sediment from stations CS-131 and CS-128 respectively (Bedard 1999).

Apart from a weak positive correlation between mayfly growth and sediment TOC, no
significant corretations were found between the biological (organism survival and growth) and
sediment quality data (physical and chemical parameters). This may have been due to the
narrow range in biclogical responses in conjunction with a relatively small sample size
{Bedard 1999).

Chemical and physical data for test and reference sediments are provided in Tables 36, 37
and 38, reproduced from Bedard (1999). Total mercury concentration in sediment exceeded
the severe effect lavel of 2.0 ug/g at three of the seven test stations: CS-108 (3.6 pg/g), CS-
131 (5.4 pafg) and CS-128 (6.1 pg/y). Sediment mercury concentration was not correlated
with a significant biological response. Most of the remaining trace metals were present at
concentrations near the lowest effect level (Bedard 1999).

It should be noled, however, that no biclogical testing was done on the most mercury
contaminated sediment collected in 1997. Richiman (1999) recorded mercury concentrations
of 18.5 and 14.7 pg/g in'the top 10 and 3 om respectively of sediment collected at station
131 in 1997 Concentrations were not as high in any of the sediment collected for
bioassessment (Bedard 1999).

Bedard {(1998) reporied that “most of the test sediments had a characteristic petrofeum-like
odour, aily sheen and viscous blebs that'stained laboratory equipment™. The nature of this
material was unclear, however, since it did not occur as high concentrations of PAHs, TPH or
PCBs. Total PAH concentrations were near the lowest effect level of 4.0 pg/g. Total
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patreieum hydrocarbons {which include PAHs) were below the’ detection limit of 100 pg/g.
Total PCBs were above the lowest effect level of 70 ng/g at all test sites but at least 70 times
lower: than the severe effect level {corrected for organic « carbon content)

In the laboratory test chambers, average un-ionized ammonia concentrations. in the water
overlying the sediments exceeded the Provincial Water Quality Objective of 0.02 mg/L. for
most test'sites. Un-ionized ammonia concentrations were higher for test sites than for
reference and control sites. Mean un-ionized ammonia concentrations ranged from 0,03,
mg/L for the mayfly lest to 0,06 mg/L for the minnow test, with an intermediate concentration
of 0.05 may/L for the midge’ test ‘These are well below literature reports of acute and:chronic:
un-fonized amimenia concentrations for fathead minnows and midge larvae (Bedard 1999), -
Literature values for mayflies were unavailable, but even at concentrations ten times higher
than in this study mayfly growth is unfikely to be compromised (B. Bedard, pers. comm.).

Toxicity tests were conducted | |n 1991 at. severai similar sites in the St. Lawrence River
(Bedard and Pefro 1992; Richman 1994) as:discussed in Section 3.3.5. In these earlier tests,
mayfly and-midge arowth was reduced by 9% and B9% respectively.on exposure lo
sediment collected near station GS-105. {Figure 97). The 1991 sediment had a total mercury
concentration of over 7.5 pa/g and concentrations cf copper, lead and zinc were also above

the SEL (Richman 1894),

ln contrasi the 1987 .sediment from CS-105 contamed 1 5 pg/g mercury and was not

‘associated with a reduclmn in mayﬂy or midge: growth. Significant reductions.in ‘mayfly

growth were observed on exposure to sediment from two other 1997 stations: €S-131 (5.4

Wglg mercury; 47% weight reduction) and CS-128 (6.1 ug/g: mercury; 27% we:ght reduction)

(Bedard 1999). The greater biological effects observed in the 1991 study may have been due

‘to:higher concentrations of multiple metals, including mercury, and the. possib!e presence of

other organ:c contammants (Bedard 1990),
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Tabie 35.

and St Lawrence River 1997 sediments. Source; Bedard (1998},
Maan (std deviation) shown. n=4 for maylfly and midge tests; n=3 for minnow tests,

Summary of biological resulls of mayfly, midge and minnow sediment bicassays for control

- e, 44
* % Martality value s slgnlfcanlly different than the reference sediment {Durmatts 1-taited est; p<,05).

Note:

Test Ofganl'sm Hexagenia  fimbata Chironomus  tentans Pimophales promilas
{Mavylly) {Midge) (Fathead Minnow).
Stafion % Moriality Ave, Individual % Mortality Ave, individual % Mortality
Body Weight Body Weight
{mg-wel wit.) {mpg wet wt.)

Haoney Harbour A B _AB BC A
Control 0 (0) 6.21 (0.6) 6.6 (5) B.49 (0.B) 0{0)
Stn CS- 175 A A A A A
Reference 0 (0} 11.05 (1.1) 0 (0) 10.53 (1.3) 0:(0)
Sl Lawrenca R, A A AB BC A

Stn.:C8 - 105 0 10,68 (1.1) (3) 7.69 {0.7) 60
A A AB BC A
Stn CS-109 2.5 (b} 1138 (1.0) 8.3 {(10) 7.72 (0.9) 01(0)
A B AB ABC A
Stn CS-128 50 (10) 8.05 (0.8) 6.6 (5) 8.82 (0.6) 0
A B AB G
Sin CS-131 10.0 {14) 5.82 (0.2) 1.6 (3) 7.18 (1. 3)
A Al L B AR
Stn C5- 156 a (0 1085 (0d) |/ 266 (28)\ 984 (2 4)
A A AB BC A
Sin CS - 167 25 (5 13.17 (2.9) 1.6 (3) 8.59 (0.7) 0(0)
%" MSD 11.8 - 19.5 -
% GV, 171.4 105 112.1 13 o -
D.P, 2.0 6.8 3.5 2.9 -
e fzf ri”\l Ly whrieegrasrees Maedieoaa | m‘{; ‘;” L | 1

Means that share a common letter within a colurmn are not significantly different; Tukey's HSE test for % Murtamy (p<0.05} and

plaﬂned comparisons tﬁoing LSMEANS for camparing Body Waight {(p<0.01).
MSD - Minimim Significant Difference; C.V. - Coefficient of Varlation; D.P, - Discriminatory Power.
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Table 36. Sediment physical and nuirient characterislics in-confrol and St. Lawrence River 1997
sediment used in sediment bioassays. Source: (Bedard 1898),

Station - % Sand | % Sit | %clay | wior | TOC P TKN
(amm-G2um) || (62-3.7um) | (3.7-0,um) o omaig o molg || malg

Honey Harbour _ . -
Control 33.0 44.0 22.3 8.6 A0 L0 e

Station CS - 175 -
Reference 41,0 36.9 22.2 7.3 36 0.5 |

St Lawrence River
Staflon CS - 105 53.0 31.1 16.1 6.3 30 0.9 2.5

Staon CS-102 | 120 | 595 | 294 | 120 41 1.1 3.5
Station CS-128 |- -50.0 | 354 142 | 140 24 0.8 07
Stallon ‘CS-181 | 310 | 448 | 238 | 73 8 | 1.0 19

Slalion CS-156 | 51.0 332 | 181 .| 54 | 24 08 | 24

Staon CS-167 | 450 | 402 | 147 | 77 | 42 | 08 | 28

PSQG SEL Cone BT  EE | _
.- 100 | 20 | a8 o}

{mag/g dry welghi}
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Bulk concentrations (dry wt) of palycyciic aromatic hydrocarbons (ng/g), tolal poiychlorinated bi)

fanie 30 {ng/g) and total petroleum hydrocarbons (pg/g} in St, Lawrence River 1997 sediment.
) 5-_F_{__f;fe_n_3nce Comwall Cornwall Cornwall | :C_c_n:mwa_li . '_:_C_pmwali_ ff Camwall
Parameter R RN
g:-_qg -_:__j:f(g l cs-108 | Ccs-108 | c5-128 CS - 167
Acenaphihene ‘20 cw 120 <T 76 <T 38 <T 5 S 4.2" <T
Acenaphythylena 22 <T U0 et 38 <T 20 <W 23 <1| 44 <T 31T
Anthracene 20 =W __g_@g il 61 <T 86 =T ; 149. <_"_F
Benzo[a]anthracene 60 <T 160 <T 31 .. L
Henzolbjfiuoranihene 180 <T 180 -<T 450
Benzolk]fluoranthene 45 <T 70 <T 160 <7,
_ Ben_z_o[ghi]paryfana 91 <T 580
Benzo{a} yrene 140-<T 710 s 511 _h3p
Chiysene o 100 <T|  _7850 830 480
Dibanzo[ah}aa}_hlragenq 0w 170« 110 <t 74 <T
Fluoranthene = 140 <T} 1200 850 420
Fluorane _ 20 <W 160 <T ag <7 Gz <T_
Indeno{123-cdlpyrane 120 <t|  _710 420
Naphthalene _f 20 <wW 120 <T b5 <T 20 -:,WE ;;E'. 37 <T
Phenanlhrene 56.<T| 620 570 280 430
Pyrene g0 eT 1600 340 730
Tolal PAHs 1204 <T| 8430 12219 1957 <T 5528
Total PCBs B0 200 360 100 160
TPHs 1 ma cw 1 100 <W 100 <W 100 <W 100 <W

<W - Not Delected; <7 - Trace Amount ‘Underlining indicate sediment PAH and PCB concemraliuns thai axceed PSOG LELs;
PSQG's nal available for acenapthens, acenaphthylens, benzalb]fiovranthene and naphihalene. Tl




3.31.2 Metal Uptake in Juvenile Fathead Minnows {Bedard 1989)

In an aquatic ecosystem; fish can acquire sediment-contaminants in a number of ways
depending on their feeding habits. Contaminants can be taken.in directly from sediment
particles in the water column or while bottom feeding; from ingesting benthic inveriebrates;
from Ingesting planktonic (free-floating) algae and invertebrates; or fram ingesting prey fish.

Bedard (1999) measured mefal uptake in juvenile fathead minnows (Pimephales promelas)
exposed to sieved test sediments for 21 days underiaboratory conditions. Whole-body tissue
concentrations of cadmium, copper, mercury, manganese, nickel, lead and zinc were
analyzed in the exposed fish. Metal concentrations in fish and sediment were-compared to
assess the availability.of sediment metals to minnows by means of direct contact with the
sediment and uptake from overiyang water. Mean metal concentrations in assayed mifinows
and sediment'samples are shown in Tables 39 and 40 (Bedard 1999).

Metal availability was measured as the biota-sediment accumulation factor (BSAF),
calculated for each metal as the ratio of metal concentration in minnows vs. metal:
concentration in sediment to which they are exposed. The BSAF is greater than 1.0 when
metal concentration in exposed minhows exceeds the concentration in test sediment. A
BSAF=>1.0 indicates uptake of the metal from the sediment into the fish (bioaccumulation).

The fathead minnow short-term bioaceurmulation test showed a low availability of total
mercury and other metals under controlled: iaboratory conditions usmg static exposures.
Tissue mercury concentration was highest {0.17 pg/g.wet weight) in minnows exposed to
sediment from station CS-128 (station 128 on Figure 97)..However, this value was only
double the concentration In fish exposed to sediment from the other test sites and the
reference site. It was also three times lower than the [JC Aquatic Life Guideline and the
Ontarle sportfish consumption guideline {both set at 0.50.pg/g). CS-128 had a total sediment
mercury concentration of 5.1 pg/g and was one of three stations at which the SEL was
exceeded for mercury. However, the BSAF at CS-128 was only. 0.21 indicating that mercury

availability was low (Bedard 1999).

BSAFs.greater than 1.0 were reported for mercury and zinc at some of the less
contaminaled.sites..But rather than indicating high metal availability, these results reflected
the unex;:lasnabiy high pre-exposure mercury concentrations in the lab cultured ‘minnows
used for the test, which: ranged from 0.41-0.59 pafg dry wt (Bedard 1998). With'a high initial
metal concentration in the minnows, the lower the sediment metal concentration the higher

the apparent BSAF ratio.

Mercury availabilily and uptake was marginal for the Cornwall sediments and may be
accounted for by the process of sediment ingestion. There was a slight correlation between
total mercury concenirations measuredin the sediment and those measured in the fi sh. The
direct transfer of mercury contaminated sediment into bottom-feeding fish could be
ecologically relevant given the capacity of mercury to biomagnify in the aguatic food chain
{Bedard 1999).

This type of short-term bicaccumulation assay rareiy shows significant uptake of metals and
is more effective at measuring uptake of organic cornpounds such as PCBs (D. Bedard,
pers. comm.). Some other types of studies (possibly in sitv uptake) would therefore be
required in order to fully evaluate bioaccumulation of mercury or other metals from Comwali
sediments, especially in those areas where high mercury concenirations were encountered,
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Table 39, Mean metal concentrations (ug/g wet weig'ht)iih__fathaad minnows exposed to.control and
5t. Lawrence River:1997 sediments In the laboratory and assoclzated bicia-sediment accumulatio

Standard deviation in parentheses. n=3, ‘Source:-Bedard (1998).

‘Stalion || cd Cu Hg Mn L N | e Zn

opd. .| 089 0.08 17 002 SW [ 002 <W:| 395
R 5D ) (.01 (07) Lony | ol L o
Tal A A c AB | LAB TAB
£ Georglan Bay . [ . 0.10 0.96 0.08 7.3 0.17 o | 433
Contol | (04) AT ) (24) SUNE IR

Pre-axposure

AB - BC A B BC AB -
Reference 0.03 13 | -ooe 48 0.47 0.18 423 ;
Stalion C5-175 {03 - (-10) R {01 {.30) (:08) (11 (1.5) ¢ 1 /

______ BSAF || 0.4 0.21 . 0.08 0.10 0.03 244 0
2B BC | A | A | A B AB

Station CS-105 0.06 120 . | 006 0.12 0.55 46.0

(02) (05) |7 on (13) (.24) (3.0

BSAF || 0.29 0.15 027 i 0,08 “p.03 0,05 0.40

CCAC] YA T ABC c B
Statlon €S-108 | 0.01 1.66 0.0 - | ‘7337 ls 038 i 140
B (.01) (.05} (0z) oo | 20 (2.6)

o CBSAF L 003 0.12 013 0.07 008 | nos 0.27

iR AB A 8 A ULABY A A
Stalion CS-128 0.04 0.97 .17 2.8 o1z | 007 4.0
: - {63) (03} (.03) (11) (1) o 008 ]

P

BSAF 038 0.26 0.21 0.07 0.08. TG0 2.45
i Station CS-131 | +.-0.02 1.20 0.12 2.8
Y (1) (04) (.30)

423
{2.0)

CBSAFL 012 | 045 0.09 006 | 002 | 003 | 089

AB- AB A A YR PRy
Station C8-156 s .43 0,08 3.1 0.14-
(02 | (1) (1) (49) 13

BSAF || 0.31 0.25 1.30 0.08 0.05
AB co A A
Station C8-167 | 0.09 1.46 0.08 3.0 0,55
{-03) (05) (.00} {28} (17}

\} BSAF 0.39 - 0.24 0.43 0,09 0,15 0.08 245

Note: Means that share a common latier within a column are not-significantly different using Tukey's HSD test {p<0.05),



Table 40. Bulk concentrations of trace metals and TOC in reference and St. Lawrence River
sediment stored for 3 months then used for fathead minnow metal uptake assay
and biota-sediment accumulation factor (BSAF) calculations (see Table 38).
Source: Bedard {1998).
Slation ToC Cd Cu Hg Mn Ni Pb 2n
mg/g po/g pg/g jg/g ydig Hglg ig/g pa/g
Station CS - 175
Reference a7 1.5 3s 0.1 370 28 32 J__Q;
St. Lawrente River
Stalion CS-105 34 14 55 1.5 270 25 71 750
Station CS-109 | 37 2.0 88 38 | 280 | 20 | 480 | 1200
Stalion CS - 128 27 a8 24 51 260 13 23 110
Station C5- 131 38 1.4 53 8.6 280 23 54 280
Station C8 - 156 29 %) 28 0.4 250 18 32 180
Station CS - 167 41 1.5 40 12 210 24 as 120
P5QG. SEL Conc. 100 10 110 2.0 1100 75 250 820
PSQG LEL Conc. 10 0.6 16 0.2 460 16 31 120

<'T"_- Trace Amount; NA - Not Available: _
Bold.italics indicates sediment race metal concenlralions thal excéed the severe sffect level (SEL).
Undertiéing indicates sediment trace metal concentrations:that exceed the lowest effect lavel {LEL).



3.3.2 Benthic Community Structure and Toxlcity, 1987 (Reynoldsan, in-prep.)

Reynotdson (In prep.) investigated texipity and benthic community structure of sediments
collected in October 1997 from:12 sites in the north channel of the S{. Lawrence River at
Carnwall (Figure 98). The sedlments were, analyzed for 28 physical and chemical
parameters. A

Test results were assessed using Reyneldson ancf Day's (1998} Biological Guidelines for the
Assessment of Sediment Quality in the Laurent:en Grear Lakes ina nutshell this method
works as follows:

1. Reynoldson and Day (1998) have |dentlf" ed stx mvertebrate communities in the Great
Lakes at 252 sites from Lake Ontario to Lake. Superior. These six communities
represent different reference aseemblages of-organisms: expected to occur in
uncontaminated soft sediment in the Great Lakes. . -

-2, Computer madelling can predict any new test sile to ene ef theee six groups on the

" basis of eleven habltal descriptor variables. The group to which: the SllB is predlcted

_repreeents the reference condition community far that site.

-+ 3.~ -’Specialized software compares the values of-biological variables (i, e texicziy test

~ results:and, benthic community structure) observed for sediment at. ihe {est site:with
~an existing database of values for the assigned group of Great Lakes reference sites,

4. - The degree of difference between the test site and its matched reference condition
with respect to benthic community structure or toxicity test results mdseates severfty
of environmental.siress on'benthic invertebrates at the test site. ' :

5. Test site data are analyzed for correlations between environrmental and bleiogacal 2
variables. This identifies stressors that may be responsible for observed dtfferencee
in benthic community structure. or toxicity relative to the reference condition. =

There Is some concern the value of applying this methed to sites outside the
geographic area of the Great Lakes reference sites. For the Cornwall test sites, the
maximurn and minimum values of the predictor variables were: all within the range measured
at the reference sites, with the exception of longitude. It was therefore assumed that habitat
conditions were not e]grsiﬂcentiy different from those encompassed by the Great Lakes
reference:sites. However, the reference s;tee are !ake siles whereas the Cornwall sites ere

all located within a large river,

The difterence in longitude of reference end teet 5|tes could mean that the Cornwall sites are
beyond the geographic range of some species,’ HoweVEr, since the St Lawrence River is
directly connected to the Great Lakes the-same organisms could at least potentially be
present so it was deemed reesonabte to try appiymg the Great Lakes reference sites method

camparable group of reference. sﬂes all but one’ were present in the Cornwall sediment
(Table 32). The one-absent species, a tubeworm; may:have only appeared to be absent
since there were worms present that were too zmmature te |deﬂt|fy to genus (Reynoldson, in

prep.)

Chemical and physical characterization of sediment used in the following bioassessments
was done on sediment samples taken from the surface (top 2 cm) of a mini-box corer,
Sediments used in Reynoldson's (in prep.) toxicity tests had been stored for less than six
months at 4° C in the dark. Reynoldson (in prep.) reporied that storage for this period does
not affect toxicity data. The sediment chemical and physical data provided in Table 41 are for
fresh sedirment analyzed prior to the six month storage period.
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| 3.3.21 Benthic Community=8tructure,-19971(Reynaldscn, in prep.)

Reynoldson (in prep.) examined numbers and types of: mvertebrates present in sediment
samples to determine whether sediment contaminants were affecting benthic community
structure at any of the 12 Cornwall test ertes shewn in Frgure 98

As expiarned above, the type.of benthic communlty that shouid be present at each test sile was

-predicted on the basis of eleven habitat-atributes to establish the reference or_un_stressed _
--condition for the site (Reynoldson and Day 19898). All 12 Cornwall sites were:predicied fo -
reference. Group 2, with the probebrirty of group memberahlp rangrng from 51 5% at sate 1?‘5 to
“B82.0% at srte 127 (Reynoidson in prep.). ; s G

The actual or crbserved assemblage of benthic organisms at each srte Was compared te the
predicted assembiage to determine whether and fo what degree the site differed framits

reference condition, with the degree of difference indicating the severity of stress on the benthrc
- community-at the:lest site. The data were analyzed to identify any relationships belwean

possible. stressors_such as: sedrment contamrnant concentrations and the shift away frorn the
reference condrtron._-.' . L

Communrty structure was: assessed at the genus level because it was not passible {o rdeniify ail
organisms to species.’Reynoldson.and Day (1998) found a tolal of 120 genera at the 39 Great
Lakes Group 2 reference sites. Nine were common (i.e., present-at over §0% of Great Lakes
Group 2 sites) and are shown in’ Tabie 42: afong with: therr occurrence at the Cornwall lest sites

(Reynoldson, in prep.). Of the nine common Group 2 genera only one, the tube worm:

Potamothrix vejdovskyi, was absent: from all.twelve: Comwall test sites. However, as previously
mentroned rt may have oniy appeared to be ebsent srnce worms were present that were oo

Table 42. Taxa characterizing Greai Lakes reference Group, 2 and their occurrence at 12 Cornwall test
sites in 1997, From; Reynoldson (in-prep.), L

~nTakon | Oceurrel occurrence at12: Cr.}rnwali test :
e which he' taxnn was present) - --:‘whlcht e axan was presant}

Procladius spp. B4.6 11 I ;

Tanytarsus spp. 82.14 g |

Fisidium caserfanum 79.5 UG i

Spirosperma farox 564 g

Chironomus spp. 53.8 12 Gal)

Cladotanytarsus spp. 51,3 6

Cryptochiranomus spp. 51.3 11

Polamothrix vejdovskyi 51.3 G (nong)

The taxonomic data were analyzed using specialized software called “BEAST” (BEnthic
Assessment of SedimenT). All information was reduced to three new descriptor variables:
represented by three ordination axes and plotted on an xy scatterplot, The Cornwall test siles
were compared to the Group 2 reference sites in terms of their position with respect to ellipses
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on the scatterplot. in this way test sites can be assigned to one of four possible quality bands:
Band 1 “equivalent to reference”, Band 2 “possibly different”, Band 3 “different” and Band 4 "very
different” from the reference condition. A general-example of this fype of comparisan is shown in
Figure 99 from Reynoldson and Day (1898).

Four of the Cornwall sites (127, 164, 175, 178) were in Band 2 “possibly different” from the
Group 2 reference sites (l.e., had a possibly stressed benthic community) and none were in the
“different” or “very différent” categories. Sites 127, 164 and 179 were in depositional Zone 2 and
site 175 was located in Zone 4 as shown in Figure 98, All four sites had an increased abundance
of the chironomid midges Chironomus, Procladius, Paralawterborniefla and the mite Piona (which
was absent from the reference sites). The fingernall clam Pisidium was reduced at several of the
Cornwall:sites and absent from three of the.four sites assessed as possibly siressed.

Results from the ordination of the taxonomic data were correlated with dala for 28
sediment/water/geographic variables (Table 41) Seven parameters were significantly (P<0.01)
correlated with the three ordination axes scores: sample depth alkalinity- (water), latitude, nitrate
{water), total nitrogen’ (sediment), copper. (sediment)-and zinc (sediment). This information is
shiown in Figure 100, Each'parameter. s assoclated with a vector (arrow) on.the piot pointing in
the direction towards Which values for that parameterincrease: For example,-on Figure 100 the
vector shows depth increasing from right to left. The Cornwall test stations are clustered farther
away from the direction that the deplh vector points than most of the reference stations. This
means that the test sites were shallower than most of the reference sites.

More notably, the. Cornwall stations are clustered farther along in the direction of the copper and
zinc vectors, indicating that there may have been some effect of these metals on the benthic
community at the test sites. However, the cornmunity structure cbserved at these sites was only
“possibly different” from the commumty at the reference sites (i.e., mildly degraded and passibly
stressed) but not “different” or “very different” (severely stressed).

33.22 Toxicity, 1997 (Reynoldson, In prep.)

Reynoldsan (in prep. } also examined the effect of exposure to Cornwall sediment from the same
sites on survival in four species of aqualic Invertebrate, growth in three species, and
reproduction and development in one species, Tests were performed in the lab using sieved
(500 ;Jrn) ‘homogenated sediment. Sediment used for the toxicity tests had been stored for less
than six months at4° C in the dark; which should not have an effect on the toxicity data

(Reynoldson, in prep.).

Results from ten test endpoints were compared with warning level values derived from 157
Great Lakes reference sites {Reynoldson and Day 1998). Restilts-are summarized in Table 43
and provided in more detail in Table 44,
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Tabie 43 Teét organisms and endpoints used in Reynoldson (in prep.) toxiclly study of St. Lawrence
<River (Cornwali) sediment collected October 1957. Boldface mdzcates endpomts for which

toxu:lty was indlcated.

gi'féé_tiﬁfsanis_m . |Testondpoint .

chironomid. . » % survival

Chironomus riparfus ... - = growth {dry wt increasefindividual)
ofigochaeteworm ~ = |« % suivival

Tubifex tubifex 1 =% hatch of cocoons

- pumber of cocoons/adult worm
. number of live young/aduit worm

amphiped b8 S
Hyalella azieca _growih (dry wi lncreasehndiwdual)
mayfly < suryival - S

Hexagema fimbata and H, Hyida » growth (dry w! Encrease!mdwidual)

Oniy two tox:mty endpomts compared unfavourabty wnth warmng Ievels derlved from the Great
Lakes reference sites, Both andpomts (cocoon hatching rate and:numbers of-young per adulf)

were related 1o reproduction in the tube worm, Tubifex fubifex. “This:ralses the question of
whethermeasures of reproduction would be affected in any other species.of benthic

invertebrates. In- this study, only T. tubifex was tested for effects on reproductaon

al sztes_-_(105 127, 156, 164, 167) had a reduced Tubifex cocoon halching’ rate As

wou[d be ‘expected, all five sites also had reduced - numbers of live young per adutt worm,

Cocoon haichlng, stimulated by the developmant of the eggs in the cocoons into- YOung:worms
(embryogenesis); was reduced which resulted in reduced numbers of young at the same- sites.
Al two additional sites (117, 128) numbers of young per adult were reduced but cocoon halching

rates were Unaffected, This.could be due to a toxic effect on-small rapidly growing individuals. At

all sites, the ability of adalt worms. to produce cocoons (gametogenesis) and survwal of adults,
exposed to sed:ment were 'ur:affe_cted .

Surv:va! and growlh were. unaffected in the other three species studied, whach were benthic
dWEHzng Insects rather than warms. No tests related to reproduction were done for these

species,

The toxicity data were analyzed by. means of an ordination.approach similar to that used for tha
commun;ty structure data. The lnformatlon was reduced to three variables. represented by three

Five Cornwall sites (105, 117, 127 156, 167) were “possibly different” from the reference sites
as determined by their position in.ordination space relalive to the position of the reference sites.
These five sites thereby showed evidence of potential toxicity, largely due to reduced
reproduction in T. fubifex. Site 167 was |ocated in depositional Zone 1 and the other four sites
were in Zone 2 as shown in Figure 98, '

The relationship between toxicity and sediment quality was examined for 28 sediment, water and

geographic variables including physical attributes (particle size), major elements and trace
metals. Six variables were significantly (P<0.01) correlated with the three ordinalion axes scores.
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These were, in descending order: %siit, %Si0,, Zn, %Ca0, parlicle size and % loss on ignition.
The two variables that appeared to be associated with movement of the Cornwall sites away
from the reference group in‘ordination space were ‘elevated levels of zinc and a high silt content
as shown in Figure 101, Similar to the community stricture data, the Cornwall sites were only
“possibly different” (possibly toxic) compared with the Group 2 Great Lakes réference sites.

Table 44, Comparlson of individual bivassay endpoints for 12 Cornwall sites with- warning level vélues
derived from Great Lakes reference sites (Reynoldson and Day 1998). Boldface indicates
endpoints that compared unfavourably with warning levels. Source: Reynoldson {in prep. )

y
Test . - C € svo MO Ho Moo MG UT tubffex Totubifex o T T
Endpoint: -npanus npanus “azteca azteca !lmbata I;mbata CClad - haich ~ tubifex .tubafex
Coent T growth survival - growth survival growth survival oo guryival - yglad

Warning <021 <678 <023 <67.0 <09 <855 <72 <381 <890 <98
level

Cornwall
~ Stn# L o B _ e e g e e S
TCsi05 021 ea 034 10000 481 10000 1104 3541 100,00 6.62
C5109 026 7067 031 9600 488 10000 1105 4829 100.00 25.4
Cs8117 0300 7867 029 97.33 431 10000 1120 3961 100,00 1.4
b cs127 034 8667 042 9067 405 10000 9.80 2438 10000 1.9
CS128 032 8133 048 8267 326 10000 945 4851 100.00 855
CS131 029 9333 033 9200 176 10000 1030 4833 100.00 10.60
cS132 0.28  76.00 032 9467 145 10000 1020 4515 100,00 13.65
CS156 025  92.00 049 §7.33 443 10000 1105 2785 100.00 3.55
CS164 025  88.00 023 9333 387 9800 1125 3587 100.00...5.05
| CS167 027 96.00 044 96.00 422 10000 1086 3189 95 465
TTTUTTTTSITE T 0300 69.33 025 9167 440 10000 1065 5051 100.00 1845
' csi7e 030 7333 023 B667 508 9800 11.00 47.77 100.00  13.00

yglat; # young/adult, CClad, # cocoons/adLlt; growth, dry weight increase over the test period

(e.g., 0.23=23% increasa in dry wt during test); survival, 95 of individuals alive at end of the'test period;
Warning level, value (growth, survival or reproductive measures) below which the resullis congidered
different from the result expecled for reference sediment.

3.3.23 Overall Conclusions {Reynoldson, in prep.)

Overall:results are summarized in Table 45 (Reynoldson, in prep.). None of the twelve sites
showed definitive evidence. of an impaired community or toxic sediment. Of the total of eight

1at showed, some, dev tion from reference condition, only one (site127) showed evidence
of;‘b h sediment toxicity and a maodifi ed._nVErtebrate community. However, Reynoldson (in
prep. ) reported that concentrations of contaminanits at site 127 did not exceed the normal range
observed at reference sites: (mean +:2 SD). The main difference between sediment from site 127
and reference sites was the hig oportion of gravel and sand and larger parlicle size at site
127, Although mercury concentration at site 127 was two times higher than the SEL, it was over
fou limes lower than at site 187 which was non-toxic and had an unstressed community
sfruclure (Table 45).
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Mercury was two times the severe effect level in sediment from site 127 but it exceeded the SEL
in sediment from t" ive-other s:tes as:well. Four of those five were nof- toxic and had an

in concluston there was "some evadence of mild degradation of :nvertebrate communities.at four
sites‘and possible toxicity at five sites”, with only one site (127) showing both a possibly stressed
community and possible toxiclty (Reynoldson, in prep.). The results “suggest that-factors other
than:sediment quality are largely responsmle for-the poss;ble changes in communily structure
and:that. sed:ment contarmination.is not rasuitlng in ioxlc:ity inthe tests performed'-’-.(ﬁeynoldson

in preg:).-

Table 45 Summary of sediment quality based on- mvertebrate_community structure, sediment taxlc:ﬂy and
sedzmenl chem!stry From: Reynoldson (In‘prep.). *.observed concentration in pg/g.

unstressed TP, TOC, Cr, NI, Cu,
Zn, Pb, Hg
unstressed TP, TOC, Cr, Ni, Cu, ZnV(823) | Cu, Zn, Pb
Zn, Pb “Hg . {4.8)
unstressed TR, TOC, Cu, Zn, Pb, - Zn

‘Gravel, .

) possibly :
'-ES%PS j

| stressed

c | 7, ToC, CU, ZN

| TP, TOC, CU, Zn

Junstressed

| TR, TOC, Cr, Ni, CU,

5| Cu, Zn -
:Zn, Pb

nan loxle i TR, TOC, Cr, Ni, Cu,
g “liZn, Pb
o et dnet 466 | unstressed posslbly toxic ‘| TP, TOC, Cu, Zn, Hg |
o ot 0 164 possibly nan-toxic - TP, TOC, Cr.NiCu,  [Hg ~ (31) [Cuzn’ 1
' e _ stressad ‘ -Zn, Pb
{ 167 ¢ tressed possibly toxic - -.fTP TOC N| Cu Zn,
L S HQ
175 . poss!b!y nontoxic @ - TP TOC. Cr NI Cu,
, | sfressed Zn :
,,;’:,__/ T "
179 | possibly - - non toxic TP TOC Cr. NI, Cu,
stressed’ Zn -
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3.32.3 Environmental Effects Monitoring, Domtar Fine Papers, 1983

In October 1993, Domtar Fine Papers conducted Environmental Effects Monitoring (EEM) in the
St. Lawrence River at Cornwall, Ontaric as required by the faderal Fisheries Act, Pulp and Paper
Reguiation. The EEM included an invertebrate communiity survey, summarized in the EEM final
report as follows (Ecological Services for Planning Lid. 1996):

Benthos samples (70) were collected from 12 different areas ( 5 reference [sites
12,3471, Znear field [sites 5,6]; & far field |sites 8,9,10,11,12] ) [Figure 102]. A'total
of 101 different taxa were identified. All samples contained healthy levels of richnessand:
abundance of benthie organisms.

Statistical analysis of the benthos data followirig the Interpretive Gutdance Document
(IGD) methodology was undertaken.on;the 20 most abundant taxa, There was a high
level of within-site variability which made it difficult to differentiate the 3 sampling areas
(reference, near-ﬁeid,-fa‘r field).

Alternative ‘methods of benthos dala analysis from the IGD approach were also
investigated using 18 taxa selected on the basis of biological sagmf icance, This approach
identified significant differences in the benthic community in the near field samples
versus the reference and far field samples. However, the differences could be primarily
related to differences in habitat features rather than due to the effects of the mill.

For more detailed information on the EEM refer to Ecological Services for Planning Ltd. {1996).
3.3.4 Cil Tank Storage Area/Tank Farm Sife, 1992-1993

Chemical characterization -combined with biological assessment of sediment collected In 1992
and 1993 from Zone 3 (Figure 6) indicated that sediment clean-up was not.required at this site
{Metcalfe-Smith et al. 1995). Intensive sampling in 1992 and 1993 showed that the degree of
sediment contamination at the oil tank storage area was not severe ‘and the area affected was
very localized (Metcalfe-Smith et-al. 1995).

The results of these surveys are summarized in Figures 73A8B and 74A&B. Sediment was
collected from the tap 3 cm only (surface grab samples). 10 1992, severe effect levels were'
exceeded at only one station and only for chromium and copper and in 1993 the SEL was not
exceeded for any parameter. Oils-and greases:were higher than MOE. Gpen Water Disposal
Guidelines: (Persaud. et.al, 1992) at-almost all sites in both surveys as shown in Figures 73A and
73B. Maximum concentrations of total PAHs were 30-50% of the SEL at three stations (# 89, 91,
94) in-1992; - PAHs were not measured in 1993 (Metcalfe-Smith et al. 1995).

in spite-of the high concentrations of cils and greases at most sites, hicassessment of the 1993
samples did notindicate that sediments from the tank farm study area were particularly toxic or
that'the benthic community was severely degraded. Toxic effects were identified for al least one
bioassay endpoint at five of twelve sites tested. But at each of these five sites, only one or two
endpoints (tests) out of ten showed statistically significant toxicity, and the decreases in growth,
survival or reproduction were not exireme. Only one station had a benthic community
(abundance of organisms, number of taxa, percent distribution of taxa) that was degraded
relative to comparable Great Lakes reference sites (Melcalfe-Smith et al. 1995).
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e L Chironomus: appeared t_o be the most sensitive indicator organzsm

Based on the combined chemical and biotogical findings from'the 1892 and 19893 in-depth
studies, it was concluded that sediment clean-up (removal and: disposai) was not required at the

tank farm site (Metcalfe-Smith: et al. 1995).

3.3.8 Benthic Invertebrate Toxicity and Contaminants, 1981

Bioassayu. 1891

Surface sedlment was collected in 1991 from 6 stations in the ACC (368 368A 389, 370, 374,
375).and 2 upstream reference stations (82, 83) and’ baoassayed for toxicity-to:benthic
invertebrates and short-term metal uptake in fathead minnows (Richman.1894; Bedard and
Petro 1992) Stalion locations are shown in Figure 103. Two batches of sediment were collected:
Batch 1 inJanuary 1981 and Batch 2in February 1981, Clean sediment from Honey Harbour
Georgian Bay: was alsa used for comparisoninall bloassay tests, _ ;._

The following conclussons were drawn from the resuits of tDXiCIty testing (Bedard and Petrcz
1992); . o s . - -

e Staiton 368 sediment was margmally loxm to 'Chfronomus tentans (mldge) Iarvae
registering the-highest percent mortality (26%). Eor Baich 2 sediments, station 368 -midge
mortality was significantly different from the refarence:control sediment mortality of 2%.
but not from ihe negatwe control (Honey Harbour ; dlment mortality of 11%.

. Sediment fmm statiuns 368 and 368A cons:stenﬂy elicited a sublethal response in both
Hexagenia (mayfly) nymphs and Chironomus larvae, ‘vean mayfly growth (increase in
wet weight) was reduced by 79% and.73% at stations 368 and 36BA respectively,
compared with reference site growth. Mean midge. growth was reduced by an average of
89% and 33% compared W|th reference sites (R|chman 1994) h

-~ Growth of midge !arvae_ xposed to station 368 sediment was 5|gn:t” cantiy Iower than for

_reference site sediment (3 6% reductmn)

terms of both toxic
~:and sublethal effects, e

. There was a slgmf icant positive:correlation (p<0.01) between toxicity and. concentration
‘of mercury, zinc, copper, lead, cadmium and pyrene. Toxicity was not correlated with

physical sediment properties.

Tissue concentrations of mercury in laboratory-exposed fathead minnows were reported as
higher for.all downstream stations than for the upstream reference stations. (Lake St Lawrence).
As well, tissue concentrations -of mercury; lead and copper in exposed minnows were reported
as higher for station 368 than‘all for all other sites, Hawever, no lests of significant differences
were provided for the metal uptake data. anow tissue concentrations were positively
correlated:with sediment bulk and correcled (for % fines and TOC) concentrations. of mercury,
lead and zinc (Spearman Rank Correlation. analysis, p<0.05) (Bedard and Petro 1992).

Sediment concentrations of mercury, zing, copper and lead exceeded the SEL at-station 368.
Two other stations (368A and 369) also exceeded the SEL for mercury. Given the bioassay
results, it was concluded that sediment contamination had a potential to impair native species,
particularly at station 368 and possibly at station 368A and 369 (Bedard and Petro 1892).
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The resulls of the sedirment bioassays were consistent with results of the field collection of
benthos, discussed below, In which benthos collected from stations 368 and 368A had
sighificantly higher mercury concentrations than benthos collected from other stalions.

Contaminants in Fieid Coliected Benihos, 1891

in 1991, benthic invertebrates (chironomid larvae and oligochaetes) callected from 13 stations.in
the AOC and 2 upstream reference stations (Figure 103, all stations) were analyzed for total ‘and
miethyl: mercury (Richman 1994). Collected Invertebrates were given time for gut clearance
before preservation for analysis, Results of the in sifu contaminants testing were consistent with
the bioassay results and indicated that sediment mercury is taken up by benthic invertebrates.

Concentrations of total mercury in benthos were significantly higher at stations 368 and 368A
than at all other stations, as shown in Table 46, These two stations were immediately adjacant to

Courtaulds Fibres as shown in Figure 103.

For all stations, there was a significant positive correlation between the mean mercury
cancentration in benthos and total mercury concentration corrected for totat organic carbon
(TOC) (r=0.80, p<0.003). TOC indicates the amount of organic material in the sediment, which
affects-availability of mercury to benthic organisms: organic matter binds mercury, rendering it
less available to benthos: The ratio of total mercury to TOC in sediment can therefore be used to
narmalize sediment mercury data, effectively removing the influence of the organic material so
that comparisons of mercury concentration between stations with differing amounts of organic

matter can be made.
3.36 Benthic Invertebrate Communities, 1986

Berthicinvertebrates were ‘collected from 10 St. Lawrence River stations in September 1986 as
shown in-Figure 104, as part of . an MOE bénthic:environmerital assessment program
{(Jaagumagi 1987). It was concluded that benthic invertebrate distribution and deénsity .appeared
to be most affectad by the organic content of the sediments and occurrence of aquatic:
racrophytes. There was no evidence of effects due lo other factors, even théugh a “black,
sticky, oil-like substance” was observed In sediment from stdtions 366, 368, 368B and 371A and
metal concentrations {mercury not examined) were above MOE guidelines at many sites.
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Table 46, Total mercury concenlration (ng/g wet weight) in benthos collected from the St. Lawrence
- River, 1991 (Richman 1994)..

rctiry concentration | Ratlo.
: :ln'-be’ntho’s’i{ng‘lg\.v_._u:et-;wt)‘- ~|ins

82 (upstream reference)

83 (upsireérﬁ:'réféfé'hp_e) R
365 31.8 a4 426
366 12.2 05 4.4
o e | ]

368A - 68 23
i 1 9.4
7.8
23 |
R Y

-] 369

372 8.4 0.8 _--3.4_’
aze 4 ] 15 497
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3.4 Other Biota

Environment Canada, Canadian Wildlife Service has-done a number of studies on biota other
than fish and benthic inveriebrates in the Cornwall area. These are summarized here,

3.4.1 Mudpuppies

The mudpuppy (Necturus macuiosus) is a freshwater amphibian resembling a salamander.

Body burdens.of organochiorine contaminants and incidence of digital deformities have been
studied in-mudpuppies collecled along the south (Akwesasne) and north (Cornwall) shores of the
St. Lawrence River. South'shore results are related to PCB contamination from US sources and

are therefore not included hers:

Mudpuppies from the north shore were collected in April 1996 from the sites: shown in Figure
105. Incidence of digital deformities and concentrations.of chiotinated hydrocarbons were
measured. Deformity results are shown in Tabie 47 {Bishop 1997),

The sample size was-small (15 .animals) because there were apparently very few mudpuppies in
the area. Fifty traps set on each of two nights yielded only 15 mudpupples Incontrast, the same
number of traps over two nights in April 1984 yvielded 50-70 animals in wetlands of Lake Erie'and
eastern Lake Ontario. The habitat along the Cornwall waterfront is not that suitable.for
mudpuppies, which prefer marshy areas. It is possible that populations of mudpuppies at
Cornwall may never have been very large or they may have been reduced by the impact of
habitat loss or contaminant exposure (Bishop 1997).

Table 47, incidence of digital deformities in mudpuppies collected at five trap lines along the Cornwall
waterfront in April 1996 (Bishaop 1997),

oSl L #individuals with deformities | # caught {N)
Line #1 o2 . 3
Line #2 1 4
Line #3 1 I 4
Line #4 1 2
Line #5 1 2

Among the few mudpuppies that were caught the incidence of extra or missing digits-was high
(7/15 individuals). However two of the three individuals caught at the upsireanT location also had
deformities, suggesting this may not have been a sufficient control site (Bishop 1997). The site
was only about 2 km upstream of Cornwall industrial point sources and the mudptipples in this
area could ingest contaminants from prey (fish and their eggs) ranging over alarger area than
the mudpupples themselves. The home range of the mudpuppies is less relevarit for sampling
purposes than the range of their prey.

The 46% i.nci_dence of deformities in-the April 1996 collection from the Cornwall waterfront was
much higher than the incidence (<10%) found at sites of low organochlorine and mercury
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contamination on the Ottawa River and St. Lawrence River in 1992, 1993 and 1995 (Gendron et
al. 1894).

3. 4 2 'Northern Leopard Frogs

The folfowmg text is reproduced verbatim from the conference abstract of results presented by
C.w. Blshap, _Enwronment Canada (Btshap et al 1999)

='in 1998 deformity rates in narthern feopard frogs wera: assessed at Hoasic Creek
(referance site), Gray's Creek and Cooper's Marsh;: Nawly hatched tadpoles. were
collected from Guindon Park, Cornwall. Fifty ladpoles were placed in each of four cages
parsiudy site: Tadpoles were fed hoiled lettuce from mid-May to mlﬂnJuiy when they had
completely - transformed . into frogs, -Survival -and deformity rates- |n: these :caged
amphibtans showed few differences among sites. The percentage of tadpofes surviving
to metamorphosis at'each site was: 79% (Cooper’s Marsh); 93% (Gray's Creek);:96% - -
(Hoasic Craek). Percentages of animals that transformed Into frogs and showed at !east’
one gross morphological.deformity were: 1.3% (Ccopefs Marsh); 2.2% (Gray's Cree_k)
0% (Hoasic Creek) Backgmund rates of deformities in:wild frogs are usually=1° G

343 - Tree Swaliow Eggs

The following information Is exaerpted from Brshop et al, (1999}

In 1998, several wildiife toxucoiogy studaes were initiated in the St. Lawrence Area.of Concern.
Contaminants were measured in snapping turtle:and tree swallow eggs and investigations of the
biological effects of these contaminants began. Tree swallow eggs were collected from four
sites, three on the north channel and one on‘the:south channel of the river. Sniapping turiles
were studied only in the south channel of the rwer and are therefore not discussed here. The

-sludy contrnues in 1588.

Tree swallow eggs were collected from three north channel sites (Fly Creek; near the Cornwall

WPCP outfall; Canadian side of Cornwall Island) and one:south channel site (Loran's Marina,

Hogansburg). Eggs were collected from a variety of nest boxes at each sile; egg contents were
pooled and analyzed as a single sample.

Total PCB concentrations in tree swallow eggs were.0.9-2,2 ng/g. wet weight at the north
channel sites. Total mercury concentrations were low and not variable {0.22-0.31 Jg/g wet wi) at
all four-siles, Sex ralios in 16 day-old tree swallow chicks were 1:1.at.Fly Creek and the north
shore of the_ St, Lawrence but at Caornwall Istand the ratio was: 2; 1 favouring females. The
Cornwall Island ratio is quite unusual as all sites studied withinthe St. Lawrence Area of
Concern-and seven sites previously studied by Environment.Canada in southern Ontario showed

1:1'sex ratios in 16 day-old tree swallows.

3.4.4 ‘Marsh Monitoring

Marsh bird and amphibian communities In the AOC have been monitored through the Marsh
Monitoring Program, a joint undertaking of Environment Canada, the Long-Point Bird
Observatory and the US Great Lakes Protection Fund, Volunteers are trained to identify specific
marsh birds and amphibians by sound and to record numbers of calls of each type in a set
period of time at specific-points along a menitoring route. The numbers recorded.are
extrapolated lo provide an estimate of abundance of specific birds and amphibians wilhin the
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marsh,

Overall, based on the results of 1994, 1895 and 1996 marsh monitoring, the AOC appeared {o
be unimpaired in terms of its ability to support healthy marsh bird and wetland amphibian

populations. The following brief summary is drawn from a summary report on 1995-1996 resulls
{Long Point Bird Observatory"l 998).

In total, 8 amphibian and 7 marsh bird monitoring rottes have been established in the AGC. The
number‘of amphibian-species present ranged from 4-7 per route, with 'an overall total of 9
species recorded. Densities of most species were moderate to high, Of the expected five
amphibian indicator species, only one (mink frog) was absent. Three species scored as average
or above average in abundance and chorus frog was below average. In terms of averall
amphlblan presence, there appeared to be some impairment because two mainly terrestrial
species (free frog and American toad) were absent. However, with respect to the wetland
species of amphibians, the AOC was not Impaired,

The number of marsh nesting bird species ranged from 7-20 per route, Overall, 25 spacies of
marsh nester and 10 foraging (feeding but not nesting in the marsh) species were recorded. In
general, densities were equal to or greater than Great Lakes basin averages outside Areas of
Concern. Eleven of the twelve marsh bird indicator species were present; only Least Biltern was
not. Abundanees of 9 species were average or above averags. Sora and American Bittern were

below average in abundance.

While the degree of impairment varied for individual marshes, overall, the AOC-does not appear
to be impaired in its capacily lo support healthy marsh bird and-amphibian populations.
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4. INFORMATION REQUIREMENTS

A great deal of data:has been gathered and examined over the past thirtyy years for the Cornwall
section of the St. Lawrence River. As in any complex sclentific investigation thera.is. always
addltzonal data that would be vaiuab!e

At present the biological effect of sediment contammanis is the most poorly undersfcmd area of
study related to Cornwall sediment coptamination, This is not unique to Cornwall, however.:See
Jaagumagi.and Persaud (1996) for a dtscuss:an of the complexnt:es of biological tnvestigatlons

and contam;n tad sediment.

Donna Bedard-, MDE (pers. comm., October 26 1999) emphaslzed the following points for

future studies of biological effects at Cornwall: _

. A more extensive. sporif ish sampling program would be useful to acquire a sample size
sufficient for.comparisons among regions of high, moderate and Jow mercury
contamination. . Also analysis on different age groups.may help project the rate of
accumulation. and determine whether current trends are: dlfferent from past trends as an
Indication. of ongoing source problems.

. Sportfish sampling should Include an analysis of gut content hc:th ln terms of mercury
concentrations and prey:identification. This will provide a cfearer p:cture of routes of

uptake and degree of biomagnifi ication, :
. Caged fish and caged mussels should be used for long-term exposure sludles in areas of

high, moderate and low -mercury contamination. -Different sets of cages can be placed at
the sediment surface versus-suspended in the water column to examine the extent of
uptake derived from pelagic versus deposited + pelagic routes. The suspended salids
data suggest concentrations peak at certain times of the year and should be factored into
the study design.

. Sampling and tissue anaiysm of in situ benthos should be continued with a sampie size
large enough to allow for ngorous .,tatlst:cal interpretation and current CondllEDris

Bedard (pers. comm., 1889} also noted that "the use of laboratory sediment bioassays is
probably not the best approach for identlfy:ng biological effects associaled with [either] mercury
or maximum bioaccumulation. There is probably no need to include such tests in future 'studies.
Both MOE and EC test results indicate few-significant effects, that were limited to only one
spemes and ane endpoint.”

N Rukavma (Environment Canada, Natlonal Water Research Institute, pers. comm, October

1999) Identified the following additional types of missing data:
Information on bioturbation of sed:ments and its possible effect on the transport of

-contaminants to the surface. -

“ ‘Data on flow rates, their seasonal and annual changes and the effect on temporai
- changes in suspended. sediment concentrations.
. Data on shoreline or bottom changes as a result of Seaway development which could
affect sediment transpori-or accumulation.in Zone 2,
. Information about sediment accumulation rates in depositional zones located to the east

and southeast of Pilon:Istand (Figure 6).
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ADCP

AGC

BSAF

EC

EEM

GIS

HMDS
Icl
LEL

LSF
LSL
LTSS
MISA
MNR

MOE
NWRI
PAH
PCA
PCB

LIST OF ACRONYMS

acoustic Doppler current profiler. An instrument used to acoustically determine
direction and velocity of water flow at various depths throughout the water
column.

Area of Concern (Great Lakes/St. Lawrence River Remedial Action Plan
Program)

biota-sediment accurnulation factor. The ratio of contaminant concentrations in
sediment versus tissue of organisms exposed fo the sediment..

Environment Canada

Environmental Effects-Monitoring. Environmental monitoring at pulp and paper
plant sites as required by federal legislation under the Fisherles Act.

geographiciinformation system, A type of compuierized system for analyzing and
mapping environmental data.

hybrid multi-dimensional scaling (a method of data ordination (l.e., data sorting).
ICI Forest Products (formerly CIL)

“lowest effect level” from 1992 Provincial Sediment Quality Guidelines. This is the
level of sediment contamination that can be tolerated by the majority of benthic
organisms. Concentrations above this level indicate that the benthic community
may be impaired,

Lake St Francis

Lake St Lawrence

long term sensing study

Municipal-industrial Strategy for Abatement

Ministry of Natural Resources (Ontario)

number of samples

Ministry of the Environment (Ontario)

Environment Canada National Water Research Institute, Burlington, Ontario
polyaromatic hydrocarbon

principle components analysis

polychlorinaled biphenyl
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PWQO
RAP

5D
SEL

SFC
SFS
SFN
SPM
TCTI
Toc
TPH

ULN
WPCP

Provincial Water Quality Objective

Remedial Action Plan. A Canada-US program to restore environmental quality in
43 Great Lakes/St. Lawrence River Areas of Concern.

standard deviation

"severe effect level” from 1992 Provincial Sediment Quality Guidelines. This Is'the
level of sediment contamination that is expected-to be detrimental to the majority

of benthic organisms.

St. Francis Centre: (LTSS site)
8t Francis South (LTSS site)

St. Francis North (LTSS site)

suspended particulate matter

Transport Canada Training Institute (LTSS site offshore from NavCanada,
formerly TCTI)

total-organic carbon
total petroleum hydrocarbons
upper:limit of normal

water pollution control plant (=sewage treatment plant)
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