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Executive Summary

In 2005-6, the MOE provided funding support to the St. Lawrence River Institute of
Environmental Sciences to assess mercury (Hg) concentrations in lower trophic level
populations in the St Lawrence River (Cornwall) AOC. Total (THg) and mono-methyl (MMHg)
mercury concentrations in water, suspended particulates, superficial sediments and
zooplankton from sites with Hg contaminated sediments were compared with
control/reference sites. MMHg is the form of mercury that accumulates in food chains. Its
measurement in lower traphic levels is therefore important to fully evaluate the relative
importance of different aquatic pathways for the transfer of mercury to top wildlife predators
such as walleye, blue herons and humans.

Two main sampling events (late July and late August) were undertaken in the summer of
2006. The sampling technique (150 ym mesh net) collected both seston (unidentified living
and non-living particulate matter) and larger zooplankton of the size typically consumed by
planktivorous fish. Sample biomass varied appreciably between the two sampling efforts,
zooplankton abundance was greater in August than July samples. Zooplankton dry mass
was estimated to range 4-36 (mean 18) pg/L at the sample sites in August whereas
zooplankton biomass was much lower and was not estimated in July. In terms of
zooplankton diversity, cladocerans and copepods were collected with copepods making up
the majority of the zooplankton population. Two families of copepods, Cyclopidae and
Diaptomidae, were the most abundant while cladoceran population was also composed of
Daphnidiae (Daphnia spp.) and Bosminidae (Bosmina spp.). In addition, other invertebrate
organisms such as ostracods, chironomids, amphipods, hydrachnids and trichopterans were
collected in low numbers. Bythotrephes species, known as the spiny water flea, was
collected in all zones with the exception of one zone.

Surface water concentrations fell within a relatively narrow range (0.036-0.066 ng/L) for
MMHg but varied slightly more for THg (0.52-1.50 ng/L). THg concentrations in suspended
particulates ranged from 149 ng/g dry weight in a reference zones to a high of 619 ng/g in
the west section of zone 2 (zone 2W), a zone with contaminated sediment.

Samples collected by zooplankton net from within each zone were pooled to obtain
sufficient sample for mercury analysis. THg values in zooplankton (plus associated seston)
ranged 124 - 594 ng/g dry weight in July and 81 - 1131 ng/g dry weight in August. THg
values were highest in the zones that contained the most contaminated sediment (1, 2E and
2W) and were lowest at the reference site (zone 5). Zone 3, the smallest contaminated
zone, had intermediate values. MMHg concentrations for mixed zooplankton/seston
samples ranged 7.5 - 14.5 ng/g dry weight in July and 7.4 - 16.0 ng/g dry weight in August.
It is expected that zooplankton tissue residues contribute the bulk of the methyl mercury in
thee samples; therefore, actual MMHg concentrations for zooplankton may be as much as
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2.5 times higher based on estimates of the relative proportions of zooplankton to seston in
these samples.

THg values in superfical sediment (O-1cm) weakly predicts zooplankton THg concentrations
within the zones (log-transformed data, r2=0.492, p=0.024, n=10). On the other hand,
MeHg concentrations in zooplankton were poorly predicted by concentrations of MeHg in top
sediment (log-transformed data, r2=0.03,p= 0.615, n=10) and unfiltered water (r2=0.003,
p= 0.892, n=9), although these relationships should be considered preliminary since data
were limited.

The large variations between THg concentrations in suspended particulates, as well as
positive relationships between THg in superficial sediments and zooplankton and other biota
(Golder and Associates, 2004), suggest that biota are exposed to a mobile layer of sediment
within each zone which interacts with suspended particulates flowing through the zone.
MMHg concentrations of top sediments do not vary as broadly from zone to zone as THg
concentrations, nor do biota MMHg concentrations correlate as strongly with sediment
MMHg concentrations. Sediment resuspension is less important to MMHg bioaccumulation
than for THg uptake.

A number of limitations and recommendations are noted. The existing data set is limited to a
small number of results which affects the power of the statistical evaluations to detect
differences between zones. Further effort to separate zooplankton from the co-collected
seston is recommended to better evaluate the MMHg and THg concentrations in
zooplankton and seston. With improved data, the contribution of zooplankton to the
bioaccumulation of MMHg to the food web could be explored in more detail using a fish
bioenergetics model such as that employed previously (Golder and Associates, 2004).
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Introduction

In response to mercury (Hg) contamination of sediments along the Cornwall waterfront, the
Ontario Ministry of the Environment, Environment Canada and its partners including the St.
Lawrence River Restoration Council (SLRRC) have adopted a Sediment Management
Strategy. An important aspect of the Strategy is continued monitoring and assessment of
mercury contamination and its bioaccumulation in the food chain of the St. Lawrence River.

Elevated levels of Hg in Lake St. Francis walleye is one reason for restriction of fish
consumption in the AOC. It is not clear why walleye have these elevated Hg levels and which
biological pathways are responsible for contaminant transfer to the walleye

(Golder and Associates, 2004). Zooplankton can be important vectors for persistent
pollutants to fish (Rasmussen et al., 1994; Ridal et al., 2001) and therefore a better
understanding of the ecological role of these invertebrates is essential in comprehending
mercury cycling within large river systems.

Elevated Hg levels in zooplankton at sites along the Cornwall waterfront with contaminated
bottom sediments would represent a local degradation of zooplankton populations.
Degradation of zooplankton and phytoplankton populations have been identified as possible
beneficial use impairments in the Areas of Concern (AOC), but there has been no evaluation
of their status with respect to their contaminant levels in the Cornwall AOC.

In 2005-6, the MOE provided funding support to the St. Lawrence River Institute of
Environmental Sciences to assess contaminant levels in lower trophic level populations in
the St Lawrence River (Cornwall) AOC. Total (THg) and mono-methyl (MMHg) mercury
concentrations in zooplankton and associated seston (eg. phytoplankton and non-living
materials) from sites with Hg contaminated sediments were compared with
control/reference sites. MMHg is the form of mercury that accumulates in food chains;
however, this measurement is technically demanding and generally is not measured in
routine monitoring.

The information generated on MMHg concentrations in zooplankton and phytoplankton will
assist in improving the model of how mercury bioaccumulates through the food web in the
St. Lawrence River AOC and the relative importance that lower trophic levels play in this
process. It also forms a contribution to a larger study assessing the contributions of mercury
contaminated sediments as a source of mercury to fish populations in large rivers.

Materials and Methods

Zooplankton were sampled in five areas (zones) along the Cornwall waterfront on July 19-20
and August 29-30. Triplicate samples were taken at most sites with the exception of zone 2
where 6 samples were taken. Samples were taken at the upstream and downstream limits
of each zone as well as in the middle. In the case of zone 2, samples were taken
equidistant from one another. Sampling was also performed in October 22, 2005 at
duplicate sites in Zone 1, 2 (west), 4 and 5. The GPS coordinates and water depth at each
sampling site was recorded before proceeding to zooplankton sampling.
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Zooplankton were sampled using a tow net with a mesh size of 150 ym and an opening
measuring 0.0961 m2(31 cm x 31 cm). A total of 10-25 vertical tows were done at each
site depending on the site depths which ranged between 3 to 7 meters. The depth at which
the net was allowed to descend was determined by the water depth at each site. To prevent
fouling of the net with macrophytes and the accidentally collection of sediments, the net was
lowered to a depth approximately 2 meters from the bottom. The net was hauled at a speed
of 0.5-1 meter/second and the filtration efficacy of the net was estimated using a “spinner”
flow meter.

The zooplankton samples were transferred from the collection funnel into pre-weighed
“mercury clean” plastic containers (i.e. Falcon tubes). July and August samples were divided
in two, with one half sent to an external laboratory for mercury analysis and the other half
remaining at the River Institute for microscopic analysis of zooplankton. October samples
were not split but sent directly to the Ottawa University laboratory following a brief
microscopic inspection. Zooplankton kept for detailed microscopic analysis were removed
from water using a 150 um filter and then preserved in 95% ethanol. Zooplankton were
enumerated and identified to family using keys found in Smith (2001) and Thorp et al.
(2001).

Surface water, suspended particulate and top sediment samples were collected for the July
19-20, 2005 sampling event. Paired samples for mercury and suspended particulate
concentrations in surface water samples were collected by grab sample from the front of the
boat while coasting into the current using trace clean bottles and sample handling
procedures to minimize potential contamination. The mobile top sediment (i.e. the hydrosol
0-1 cm, Rukavina 2000) was collected by divers directly into mercury clean containers.
Sampling sites corresponded approximately to the locations sampled for zooplankton.

Zooplankton and suspended solid samples submitted to the University of Ottawa mercury
laboratory for total and mono-methyl mercury analysis were stored frozen and freeze-dried
prior to analysis. Low mass of the zooplankton samples limited the type and number of
analyses that could be performed so individual samples from each zone were pooled.
October samples were not analysed in time for this report. Water samples were delivered
the same day as collection to the University of Ottawa laboratory where they were preserved
with BrCl reagent (THg samples) or trace metal grade HCI (MeHg samples) in a class 100
clean room. Analysis of water samples followed methods established by Cai et al., 1996.

Zooplankton samples were freeze dried, homogenized and digested using an adapted
version of the protocol for the determination of MeHg in fish as described by Cai et al, 1996.
The digestion procedure involved complete disintegration of the homogenized samples by
shaking at 250 rpm in 5 mL of 6 N potassium hydroxide (KOH) for 4 h. To release all bound
MeHg from substrate, pH of the solution was adjusted to pH 3 with 20% HCL and KOH.
MMHg in the aqueous phase was isolated as MMHg bromide derivative by the addition of 5
mL acidic KBr/CuS04 and later extracted into an organic phase by adding 5mL
dichloromethane (DCM). The solution was left to shake overnight at 250 rpm to facilitate
complete extraction of MMHg from the aqueous phase into the organic phase and
centrifuged at 1000 rpm for 15 minutes for good separation of the two phases. Extracted
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MeHg in DCM was cleaned up from zooplankton debris by back stripping into an aqueous
phase by using 1 mL 0.01M sodium thiosulphate (Na2S203) followed by further shaking and
centrifuging. MeHg in 0.5 mL. Sodium thiosulphate was re-extracted into 0.3 mL DCM,
subjected to further shaking and centrifuging before a final extraction into GC vials. MeHg in
samples was determined by GC-AFS (gas chromatography coupled with atomic fluorescence
spectrometry) as described by Cai et al., 1997 with a detection limit of 0.02 ng/L.

THg in zooplankton and suspended particulate samples was determined by CVAA (cold
vapour atomic absorption) method using SP- 3D mercury analyzer with a detection limit of
0.02 ng g'1. This method entails combustion of samples at 700°C, followed by heat
decomposition of combustion gas at 850°C. The gaseous product is subjected to scrubbing
in a standard buffer solution of pH 7 to trap acid gas and dehumidification to get rid of all
moisture produced. The products are cooled down and total mercury generated in the form
of HgO collected on a gold trap. Mercury on gold trap is further heated with absolute Hg in
the sample liberated and sent to the detector where it is quantified. Recovery of mercury
from standard reference material averaged 91%. Particulate samples were blank corrected
using paired filters without sample. Filter blanks were below 10% of sample values. Total
suspended solids (mg/L dry weight) measurements were carried out following standard
procedures (ASTM, 1995).

The original plan for this study was to also perform stable isotope analysis. However, once
the necessary amount of zooplankton sample was expended for mercury analysis, there was
insufficient sample remaining for stable isotope analysis.

Results
Zooplankton abundance and diversity

Results of zooplankton biodiversity, numbers collected and relative abundance of taxa are
shown in Tables 1, 2 and 3. Total volumes collected at each site were estimated by
multiplying the area of the opening of the net with the total number of tows and length of
each tow. The filtration efficacy of the net was also taken into account and a corrective
value of 0.576 was multiplied to each volume. The GPS coordinates, water depths and
towing information for each site are available in the appendices.

Samples collected in late July were lacking both in zooplankton and phytoplankton and in
fact had very little zooplankton and comprised mainly of seston (Table 1). Zooplankton were
only found in samples collected in late August (Table 2). Visual examinations of the latter
samples revealed that zooplankton composed approximately 30-50% of the materials
collected and that the majority of the seston was composed of phytoplankton (Table 3).
Zooplankton abundance was low with less than 4 zooplankton collected per liter at each
site. Zooplankton abundance was highest in zone 5 and lowest in zone 2 (Figure 1).
Cladocerans and copepods were collected with copepods making up the majority of the
zooplankton population (Table 2). Two families of copepods, Cyclopidae and Diaptomidae,
were identified with the latter being the most abundant (Table 3). The cladoceran
population was also composed of two families, Daphnidiae (Daphnia spp.) and Bosminidae
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(Bosmina spp.), and the Bosminidae were the most abundant cladocerans at most sites. In
addition, other invertebrate organisms such as ostracods, chironomids, amphipods,
hydrachnids and trichopterans were collected in low numbers (> 10 organisms/sample).

It is interesting to note that Bythotrephes species, known as the spiny water flea, was
collected in all zones with the exception of zone 1 (Table 3). To our knowledge, this is the
first record of this exotic species in the St. Lawrence River along the Cornwall waterfront.
Since very few specimens were collected (> 20 specimens in total) it is uncertain whether
the organisms have established themselves in the region or were carried by water currents
from the Great Lakes. Closer examination of some specimens did reveal individuals with
egg sacks which could indicate the presence of an established population. Samples were
sent to independent laboratory confirming the presence of this exotic species in the St.
Lawrence River near Cornwall.

Mercury Concentrations

As shown in Figure 2, surface water samples taken in July fell within a relatively narrow
range (0.036-0.066 ng/L) for MMHg but varied slightly more for THg (0.52-1.50 ng/L).
Overall, total suspended solids were similar between sites ranging 0.29 in zone 4, 0.49-0.64
at contaminated zones, and 1.2 mg/L at the upstream reference zone 5. The majority of the
suspended material was inorganic material as the organic fraction, estimated from loss on
ignition measurements, varied between 0 and 25% (Figure 3). THg concentrations in
suspended particulates ranged from 149 ng/g dry weight in reference zone 5 to a high of
619 ng/g in zone 2W (Figure 4).

Dry weights of the zooplankton sub-samples used for mercury analysis ranged 15-52 (mean
38) mg in July and 15-94 (mean 59) mg in Aug sampling events (Table 4). Based on data
provided in Tables 1-3, an estimate of sample mass per litre sampled can be made. Sample
masses ranged 11-63 pg/L in July (mostly seston) and 13-71 ug/L in August of which
approximately 30-50% was attributable to zooplankton (Table 3). It is therefore estimated
that zooplankton dry mass ranged 4-36 (mean 18) ug/L at the sample sites in August.

The results of the total mercury analysis for July and August pooled zooplankton/seston
samples within each zone are provided in Figure 5. THg values ranged 124 - 594 ng/g dry
weight in July and 81 - 1131 ng/g dry weight in August. A similar pattern for relative
concentrations of THg for each zone was found for both sampling dates. THg values were
highest in the zones that contained the most contaminated sediment (1, 2E and 2W) and
were lowest at the reference site (zone 5). Zone 3, the smallest contaminated zone, had
intermediate values.

MMHg results for the pooled zooplankton/seston samples from each zone from July and
August are found in Figure 6. Similar concentrations were found in July and August at each
site. MMHg concentrations ranged 7.5 - 14.5 ng/g dry weight in July and 7.4 - 16.0 ng/g
dry weight in August. While there was less variation than for THg results, highest
concentrations were found in Zone 2E (Table 5).
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Discussion

Zooplankton abundance was quite low in all Cornwall sites (less than 4 individuals per liter,
dry weight biomass 4-36 pg/L) and these results are comparable to other previous surveys
done in the St. Lawrence River. Basu et al., 2000 reported total zooplankton biomass
decreased from 40 pg/L in the outflow from Lake Ontario to approximately 5 pg/L in the St.
Lawrence main channel at Summerstown. Approximately 50% of the total zooplankton
biomass was contributed by macrozooplankton comparable to that collected in our study,
smaller rotifers consisting the remaining 50% of the biomass.

Our collection methods selected for larger crustacean zooplankton as opposed to smaller
taxa (e.g. rotifers). Crustacean zooplankton are generally preferred by fish since they are
larger and more easily seen than smaller zooplankton such as rotifers. Crustacean
zooplankton are either filter-feeders (e.g. cladocera, calanoids) or omnivores/predators (e.g.
cyclopoids) and consume a variety of phytoplankton and/or small zooplankton. Since
crustacean zooplankton can gather toxins from their food and are favoured by planktivorous
fish such as juvenile yellow perch (Thorp and Casper, 2003), these invertebrates were
examined more closely for their importance in mercury bioaccumulation.

Bosminids and cyclopoid copepods are typically the dominant crustacean zooplankton in the
St. Lawrence River and in many riverine ecosystems across North America (Loubier, 1984;
Pace et al., 1992; Thorp et al., 1994; Basu et al., 1996; Basu et al., 2000). While bosminids
were abundant in our samples, calanoids rather than cycopoids dominated the copepod
community. This shift in copepod species was also encountered by Thorp and Casper (2002)
in enclosure experiments conducted in Robinson Bay, located in the St. Lawrence River just
upstream of Cornwall. These authors found that in the addition of dreissenid mussels to the
enclosures resulted in decreased rotifer abundance and increased abundance of calanoid
copepods. Rotifer abundance likely decreased from predation while increase of calanoids
was attributed to an indirect food chain effect.

Another possible reason for the differences in macrozooplankton populations in the study
zones could be related to the presence of macrophyte beds within these sites. It has been
shown in previous studies that macrophytes found in fluvial lakes or at lake outflows can
dramatically alter plankton biomass locally. It has been speculated that these macrophytes
can entrap plankton and prevent them from being carried downstream (Hamilton et al.,
1990; Kohler, 1993; Basu et al., 1997; Hudon et al., 1996). Therefore, it is possible that
macrophytes in the Cornwall sites could be providing microhabitats for a number of
invertebrates and that crustacean zooplankton may be of great abundance. A closer
examination of these macrophyte beds is highly recommended in order to better understand
the zooplankton community in Cornwall.

It should be noted that an exotic crustacean species, Bythotrephes longimanus, was
collected during the zooplankton survey in Cornwall. Although this species has been present
in the Great Lakes since the mid-1980’s, this is the first record of the spiny water flea in the
St. Lawrence River. Several of the specimens had “brood” chambers with eggs thereby
providing some evidence that the spiny water flea is establishing itself in the St. Lawrence
River in Cornwall. Since spiny water fleas are known to dramatically alter native zooplankton
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communities (Johannson et al., 1991; Lehman, 1991, Yan et al., 1997; Dumitru et al.,
2001; Yan et al., 2001; Yan et al., 2002; Barbiero et al., 2004), continued surveillance of
Bythotrephes will be essential to determine its impacts on the St. Lawrence River
ecosystem.

Mercury Concentrations

THg concentrations for unfiltered water were higher in zone 1 than those in samples from
other zones except zone 2W (one-way ANOVA, p=0.000, log transformed data), but MMHg
concentrations were not statistically different between zones. Based on the total suspended
particulate and THg concentrations in paired samples, it can be calculated that suspended
particulates contributed between 5-35% of the THg content in the unfiltered water samples.
Most of the suspended solid material was non-living matter. These observations are
consistent with phytoplankton surveys in the study zones (July 2005) using real-time
fluorometric techniques. Surface water showed little variability in chlorophyll a levels
ranging 0.63 -0.84 ug/L (Twiss et al., 2005). Variability in the suspended particulate content
of individual water samples therefore contributes to the variability for THg in individual water
samples, particularly in zones with contaminated sediment where suspended particulate
concentrations are greatest.

Our results for suspended sediment concentrations are similar to those reported by Lepage
et al. (2000) from samples collected with cylindrical sediment traps located at various sites
in the Cornwall AOC and at reference sites above the Moses-Saunders dam. In that study,
dry weight concentrations of THg in settling sediment averaged 1150 + 380 ng/g in Zone 2
compared with an average concentration of 170 + 50 ng/g at the upstream reference
station. The material collected by Lepage et al. (2000) may more likely to contain
resuspended sediment than the surface water samples since sediment traps were located
1-2 m from the river bottom and traps tend to select for settling particulates rather
compared with neutrally buoyant seston such as phytoplankton.

Zooplankton (and associated seston) from zones with contaminated sediment were as much
as 14-fold greater in THg concentration than reference zones, but MMHg concentrations
were similar or only slightly elevated (<2.3-fold). July and August mercury concentrations
were similar, especially MMHg, although the July samples contained little zooplankton while
August samples contained much high zooplankton biomass. It is expected that zooplankton
tissue residues would contribute the majority of MMHg in the samples. Since the MMHg
values are reported on the basis of the dry weight of the entire sample, the concentrations
likely underestimate zooplankton tissue residues.

Overall, the ranges of THg concentrations in suspended particulates (149-619 ng/g dry
weight) and zooplankton (81-1131 ng/g dry weight) are similar to the range of average THg
concentrations for benthic invertebrates (68-771 ng/g dry weight, Table 5) reported by
Grapentine et al (2003). Highest values are associated with samples from contaminated
zones where concentrations of THg in suspended particulates concentrations likely contain
resuspended benthic sediments. On the other hand, the range of MMHg concentrations in
zooplankton samples (7.4-16.1 ng/g dry weight) are generally lower than in benthos which
had average values ranging 12.3 - 25.3 ng/g dry weight in the study zones except zone 3
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which averaged 66.0 ng/g (Grapentine et al., 2003). As noted previously, our results may
underestimate the actual zooplankton tissue residue (perhaps by factors of 2 - 2.5, Table 4)
since the samples were comprised of both seston and zooplankton and it is likely that
zooplankton contribute the majority of MMHg.

THg values in top sediment (0-1cm) weakly predicts zooplankton THg concentrations within
the zones (log-transformed data, r2=0.492, p=0.024, n=10, Figure 6). A similar regression
for suspended particulates suggests a potential strong relationship with top sediment
concentrations but the limited data results in violation of goodness of fit requirements for
the regression model. MeHg concentrations in zooplankton are poorly predicted by average
concentrations of MeHg in top sediment (log-transformed data, r2=0.03,p= 0.615, n=10)
and unfiltered water (r2=0.003, p= 0.892, n=9). These analyses should be considered
tentative as limited data is available.

There is some similarity between the sediment-zooplankton relationships and those for
benthic invertebrates and sediment reported by Grapentine et al. (2003). Significant
regressions (p<0.004) were found for THg in sediments (0-10 cm) and benthos (not
depurated) with r2 values of 0.243 (snails), 0.581 (midges) and 0.647 (amphipods).
Grapentine et al (2003) found much weaker relationships between MMHg in benthos and in
sediment. The regressions were only significant (p=0.028) for the snail data with r2values
of 0.010, 0.117 and 0.136 for the midges, amphipods and snails, respectively. As pointed
out by Golder and Associates (2004), the benthic habitats frequented by these three taxa
differ considerably. Midges most directly interact with the sediment, while amphipods are
considered epibentic, and snails typically associated with aquatic macrophytes. The authors
suggested that invertebrate tissue residues (snails in particular) would be influenced by
water column and suspended particulate concentrations.

The positive relationships between THg in superficial sediments and biota suggest that a
mobile layer of sediment within each zone interacts with suspended particulates flowing
through the zone, a concept that describes the regional sediment dynamics in the St.
Lawrence River (Carighan and Lorrain, 2000). The mobile sediment - suspended particulate
interaction accounts for the variability in suspended particulate THg concentrations between
zones, assuming negligible inputs from runoff and storm sewers. This assumption is likely
least applicable for zone 1 during wet times of the year, however our samples were collected
mid- to late-summer and runoff was minimal.

On the other hand, MMHg concentrations of top sediments do not vary as broadly from zone
to zone as THg concentrations nor do biota MMHg concentrations correlate as strongly with
sediment MMHg concentrations. These observations indicate that sediment resuspension
is less important to MMHg bioaccumulation than for THg uptake in the zones along the
Cornwall waterfront and likely elsewhere in the river.

Limitations of this Study and Recommendations
There are several factors which limit the current study. Overall, the sampling effort was

confined to two main sampling events in 2005 for zooplankton and one event for
suspended particulates. In addition, low sample masses and experimentation of analytical

10
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methods resulted in an even smaller number of mercury data. Additional sampling would be
extremely valuable in 2006 to flesh out the data set and strengthen the statistical analyses.
In addition, further effort should be made to separate zooplankton from the co-collect
seston to better evaluate the MMHg and THg concentrations in zooplankton and seston.
With improved data, the contribution of zooplankton to the bioaccumulation of MMHg to the
food web could be explored in more detail. It would seem the most appropriate to apply
these data to the fish bioenergetics model as used in the Golder report (Golder and
Associates 2004). Such information was not available at the time of that study and was one
of the limitations noted by the authors in the application of the model.

11
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Table 1: Zooplankton data from samples collected on July 19-20, 2005.

Total # of copepod | # of cladocera | Total # of Average # of
Zone | Site | volume per liter per liter zooplankton per | zooplankton per
sampled (L) | sampled sampled liter sampled zone
1 1 2214 0 0 0
1 2 3321 0 0 0 0
1 3 1661 0 0 0
2E 1 2768 0 0 0
2E 2 2768 0 0 0 0
2E 3 2768 0 0 0
2W 1 2768 0 0 0
2W 2 2768 0 0 0 0
2W 3 2214 0 0 0
3 1 3321 0 0 0
3 2 3321 0 0 0 0
3 3 3321 0 0 0
4 1 3321 0 0 0
4 2 2768 0 0 0 0
4 3 3044 0 0 0
5 1 1661 0 0 0
5 2 2214 0 0 0 0
5 3 2214 0 0 0
Table 2: Zooplankton data from samples collected on August 29-30, 2005
Total # of copepod | # of cladocera | Total # of Average # of
Zone | Site | volume per liter per liter zooplankton per | zooplankton per
sampled (L) | sampled sampled liter sampled zone
1 1 2214 1.18 0.11 1.29
1 2 3321 0.15 0.03 0.18 1.53
1 3 1661 2.85 0.27 3.13
2E 1 2768 0.40 0.13 0.53
2E 2 2214 1.11 0.07 1.17 0.66
2E 3 3875 0.22 0.06 0.28
2W 1 3875 0.63 0.07 0.71
2W 2 3321 0.41 0.03 0.44 0.65
2W 3 2214 0.76 0.05 0.81
3 1 3321 1.31 0.06 1.37
3 2 3321 1.32 0.13 1.46 1.37
3 3 3321 1.19 0.08 1.27
4 1 2768 0.79 0.06 0.85
4 2 2768 0.54 0.06 0.60 0.87
4 3 3321 1.08 0.09 1.17
5 1 2214 1.04 0.19 1.23
5 2 2214 2.40 0.20 2.60 1.88
5 3 2768 1.69 0.11 1.80
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Table 3: Relative % abundance of copepoda, cloadocera, seston and zooplankton in each
zone from samples collected on August 29-30, 2005

Relative %
Relative % abundance of | Relative % abundance | abundance of
Zone | copepoda taxa of cladocera taxa seston vs Other taxa
zooplankton collected
Calanoidea Cyclopoidae | Bosminidae | Daphnidae
(Diaptomidae) | (Cyclopidae) | (Bosmina) | (Daphnia) | SeSton | Zooplankton
Amphipoda
Chironomidae
1 90 10 90 10 50 50 Hydrachnida
Ostracoda
Trichoptera
Amphipoda
Bythotrophes
2E 70 30 70 30 70 30 Chironomidae
Hydrachnida
Ostracoda
Chironomidae
2W 90 10 90 10 60 40 Bythotrophes
Chironomidae
3 90 10 70 30 50 50 Bythotrophes
Chironomidae
4 90 10 40 60 50 50 Bythotrophes
Chironomidae
5 90 10 50 50 50 50 Bythotrophes
Ostracoda
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Table 4. Dry weights obtained for subsamples treated for mercury analysis and estimates of zooplankton biomasses and seston
masses based on data from Tables 1-3.

Zone Site July 19-20, 2005 Aug 29-30, 2005
dry weight estimated dry dry weight estimated dry estimated dry weight
subsample (mg)  weight (ug/L) subsample mg weight ug/L biomass
zooplankton seston
(ug/L) (ug/L)
1 1 23.0 20.8 78.6 71.0 36 35
1 2 41.2 24.8 74.1 44.6 22 22
1 3 52.3 63.0 n/a n/a n/a n/a
2E 1 15.0 10.8 18.6 13.4 4 9
2E 2 n/a n/a 15.0 13.6 4 9
2W 1 48.0 34.7 94.2 48.6 19 29
2W 2 34.7 25.1 51.8 31.2 12 19
3 1 40.2 24.2 56.2 33.8 17 17
3 2 42.2 25.4 56.5 34.0 17 17
4 1 n/a n/a 82.3 59.5 30 30
4 2 n/a n/a 70.5 50.9 25 25
5 1 41.7 50.2 56.0 50.6 25 25
5 2 38.4 34.7 57.7 41.7 21 21
Mean 37.7 31.4 59.3 37.7 18 20
Std dev 11.1 15.2 24.8 15.6 9 8
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Table 5. Comparison of average total mercury (THg) and mono-methylmercury (MMHg) concentrations in water, suspended
particulates, and zooplankton performed in the present study with concentrations in benthic invertebrates as reported by
Grapentine et al (2003). Benthic invertebrate data are the averages for chironomid, amphipod and gastropod samples.

Suspended
Water Particulates Zooplankton July 19'05 Benthic Inverts
MMHg THg MMHg THg
(ng/L) (ng/L) THg (ng/g) MMHg (ng/g) THg (ng/g) (ng/g) (ng/g)
Date sampled Jul-05 Jul-05 Jul-05  Jul-05 Aug-05 Jul-05 Aug-05 Aug-01  Aug-01
Sampling zone
1 0.066 1.50 344 10.8 104 594 411 22.3 300
2E 0.039 0.54 N/A 14.5 16.1 434 484 25.2 297
2w 0.054 1.03 619 7.5 9.9 385 1131 25.2 297
3 N/A N/A N/A 10.0 8.3 321 169 66.0 771
4 N/A N/A 276 N/A N/A N/A N/A 19.3 118
5 0.036 0.52 149 9.6 7.4 124 81 12.3 68
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Figure 1: Average number of zooplankton collected per liter in each zone (August 29-30,
2005).
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Figure 2: THg (top panel) and MMHg (bottom panel) concentrations at the sampling zones
for July 2006. Mid-line in boxplot shows median concentrations and whiskers shows 95%
upper confidence limit (n=5 for each zone).
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Figure 3: Total suspended particulate concentrations (mg/L) in each zone (mean values,
n=>5) showing inorganic and organic fractions (from loss on ignition values) for July 2006.
Error bars showing standard deviations for the total suspended particulate values. No data
was available for zone 3.
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Figure 4: Top panel: Total mercury concentrations in paired unfiltered surface water and
suspended sediment for individual sampling sites within each zone. Bottom panel indicates
the percentage of the THg contributed by the suspended sediment to the THg in unfiltered

water samples.
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Figure 5: Total and methyl mercury concentrations in pooled samples of mixed zooplankton

and net seston collected in July and August, 2006. Values are mean of replicate analyses

and error bars show standard deviations. No methyl mercury results were obtained for zone

4 samples.
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Figure 6: Correlations between suspended particulates, zooplankton and top sediment (0-1
cm layer) from samples collected in all study zones. Data for zones 2W, 3, and 5 from

Delongchamps et al (submitted), all other data from this study.
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Appendices

Table Al: GPS coordinates, water depths and towing information for samples taken on July

19-20, 2005.
Zone | Site GPS . UT™M Water Towing info.

coordinates depth

1 1 | N/A N/A fGe'Ztm/ 22 | 4mx10
1 2 [ N/A N/A ]?eg‘t/ 295 6 mx 10
1 3 | NA N/A >om/ 8 l3mx10
|1 |doren [immene|in/2 on
e |2 0L [ |1 st | smao
| o [releon/2 o
w |1 [orz et e/ (o
w |2 [orien [idiense aen/2 (o
aw |3 [doosen [iesdssuce [asm/is g
s 1 [y e [ain 0 o
s [ [osny [ [aen o2 Ton
R T PE
oo [ren e fam oo | smato
o[ e [ fan /2 T
T
5 1 | NA N/A ftztm/ 16 13mx10
5 2 | NA N/A %gtm/ 2L | amx10
5 3 N/A N/A Se'gtm/ 21 4'mx10

N/A: Not available
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Table A2: GPS coordinates, water depths and towing information for samples taken on
August 29-30, 2005.

Zone | Site S(':(i sinates | UT ‘é‘f;ter: Towing info.
L |1 | 7aoazarw | aceadoan | 65M 4mx10
L |2 |7a04348w | ae8asean | O™ 6 mx10
L |3 |Jacssmaw | acsazern |53™ 3mx10
€ |1 |7aca00mw | aos600on |69 5 mx 10
% |2 |Tacaoasw | aomoran | 5EM 4mx10
2 |3 |Taaroow | aomesion | 96M 7mx10
W |1 | Taoariaw | acssasin | O™ 7mx10
W |2 | Ta0iaow | aometten |B4M 6mx 10
W |3 | Tacaraow | aosasasn | 59M 4mx10
3 |1 | Tacazaow | assaresn | O™ 6mx 10
3|2 | va a0saToaN | O3m 6mx 10
3|3 VA sosaggon | 96 6mx10
4|1 VA 208450N | 78 5 mx 10
4|2 | va aosasaTn | 69m 5 mx 10
[ (et e
[ [ e [
NN T
s [ [ mm e s

N/A: Not available
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Table A3: GPS coordinates, water depths and towing information for samples

taken on Oct 22, 2005.

Zone | Site | GPS coordinates Ut™Mm Water depth Towing info.
NS
I AR
MR A
w | o | doio [t on | sma
o a | dzemen sl an | s
IR I
o o | dzesoy sl eam | ameas
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