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DISCLAIMER

Intended use and technical limitations of the report, “Preliminary Report on Mercury in Fish
Upstream and Downstream of the Mactaquac Generating Station”. This report describes measures
of total mercury in muscle tissue of selected fish species collected from the Mactaquac Reservoir
and downstream of the Mactaquac Generating Station in 2017. Itis a preliminary report designed
to inform future studies and it is not intended to be advice for the fish consumption by humans.
The CRI doesn’t assume liability for any use of the included data or analyses outside the stated
scope.
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Introduction

Mercury is a toxic element that occurs naturally in the environment but is also increasing in
the atmosphere because of human activities such as gold mining, burning fossil fuels, and chlor-
alkali processes (Pacyna et al., 2006; UNEP, 2013). These activities emit inorganic mercury to the
atmosphere, where it is either deposited locally to land or water, or transported distances up to
1000’s of kilometers before deposition (Mason et al., 1994). In aquatic systems, the inorganic
mercury can accumulate in sediments and be converted by bacteria to methylmercury (Compeau
and Bartha, 1985). Methylmercury is of greatest concern because it concentrates through aquatic
food webs to levels that may cause negative health effects in fish, fish-eating wildlife, and humans.

The Mactaquac Hydroelectric Generating Station (MGS) and its reservoir on the Walastakw,
or Saint John River, New Brunswick are approximately 45 years old. There are few records of
mercury levels in fishes of the Saint John River (e.g., Reinhart et al. 2018 and Dadswell 1975). Fish
within and downstream of reservoirs can have elevated concentrations of mercury in the years
following impoundment (Bodaly et al., 2007; Green et al. 2016). This spike in fish mercury typically
declines for ten to 20 years until levels return to pre-impoundment values (Bilodeau et al. 2016).

The organic and more toxic form of mercury is methylmercury, and it bioaccumulates in
organisms because more of it is retained in tissues than is excreted (Wiener et al.,, 2003).
Methylmercury also biomagnifies with each trophic level, i.e., concentrations increase from prey to
predator, putting species at the top of the food web at greater risk from its toxicity (Chumchal et al.,
2011). Fish size is often correlated with methylmercury levels because older, larger fish
bioaccumulate more over longer lifetimes and feed on larger, more contaminated prey species
(Evans et al.,, 2005). The accumulation of methylmercury in aquatic food webs and its high levels in
large, predatory fish occurs across Canada (Eagles-Smith et al., 2016; Gandhi et al., 2014; Wyn et al,,
2009; Depew et al. 2013).

Fish are commonly consumed by Canadians, especially by Indigenous communities (e.g.,
Calder et al. 2016). Recreational fisheries across Canada are managed with guidelines for fish
consumption to minimize risks from mercury toxicity to humans (e.g., Gandhi et al. 2015). This
report describes preliminary data on mercury levels in fish collected upstream and downstream of
the MGS in the Saint John River, New Brunswick in 2017. The goal was to measure mercury in fish
species that may be consumed by recreational fishers and in species of significance to Maliseet First
Nations. Importantly, this report is a preliminary examination intended to guide future and more
comprehensive mercury studies in the Saint John River. Results for some species are limited due to
small sample sizes and more comprehensive studies are recommended in the future.

Methods

Fish were collected in July to October, 2017 from sites up and downstream of the dam (Figure 1).
Collections from the Mactaquac Biodiversity Facility provided Rainbow Trout (Oncorhynchus
mykiss) and Muskellunge (Esox masquinongy). An electro-fishing boat or fyke net was used to
collect other species including American Eel (Anguilla rostrata), Blueback Herring (Alosa aestivalis)
and Alewife (Alosa pseudoharengus; grouped and referred to as Gaspereau), Largemouth Bass
(Micropterus salmoides), Smallmouth Bass (Micropterus dolomieu), White Perch (Morone
americana), and White Sucker (Catostomus commersonii). Angling and incidental mortality from
other studies also provided Striped Bass (Morone saxatilis) and Shortnose Sturgeon (Acipenser
brevirostrum). All fish were measured, weighed, and sacrificed.
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Figure 1: Map of fish collection sites from upstream (Nackawic to Mactaquac Arm) and
downstream (the dam to Coytown) of the MGS on the Saint John River in New Brunswick, Canada in
2017.

A section of muscle tissue above the lateral line of each fish was dissected, freeze dried,
homogenized, and analyzed for total mercury (includes both inorganic mercury and
methylmercury) in the Kidd Lab at the University of New Brunswick Saint John on a Milestone
DMA-80. Total mercury is an appropriate proxy for methylmercury, as the mercury in fish muscle
is typically >95% methylmercury (Bloom, 1992; Francesconi and Lenanton, 1992). The analyses
included quality assurance procedures. Percent recoveries or concentrations of the certified
reference material (DORM-4: Fish Protein, National Research Council Canada), intra-lab standard of
fish tissue, liquid Hg standard, and blanks were 94 + 2% (n=15; mean + 1SD), 103 + 2% (n=15), 92
+ 5% (n=15), and <0.001 pg/kg (n= 15), respectively. The duplicates were within 2% of each other
(n=12), and the overall detection limit was 3.75 pg/kg dry weight. Wet weight (ww) total mercury
concentrations in individual fish were calculated for comparisons with Health Canada’s maximum
levels for commercial sale of fish (0.5 mg/kg ww; Health Canada), which is set to reduce mercury
exposure and the risk of adverse health effects in people who consume them. This was done using
individual percent moistures for fish, which averaged 78 + 5% (mean + 1 SD,n=113).

Results

Overall, the fish species collected upstream and downstream of the dam, as well as their respective
lengths, weights and total mercury concentrations, are shown in Table 1. Average total mercury
concentrations for three of the ten species (Muskellunge, Shortnose Sturgeon, and Striped Bass)
were above Health Canada’s maximum level.

The relationships between total mercury concentrations and lengths of the individual fish for each
species are shown in Figure 2. These plots show increases in total mercury concentrations with
increased size for American Eel, Largemouth Bass, Smallmouth Bass, Muskellunge, Striped Bass,
and Sturgeon, and no apparent relationships in Gaspereau, Rainbow Trout, and White Sucker.
There was only one White Perch sampled, therefore no relationship could be visualized.

The species that had multiple individuals caught both upstream and downstream of the dam were
Smallmouth Bass and Gaspereau. For Gaspereau there was a small difference between upstream
and downstream THg concentrations (upstream fish were 0.03 mg/kg ww higher), but fish from
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both areas were below Health Canada’s maximum level of 0.5 mg/kg ww. For Smallmouth Bass
there was a larger difference of 0.20 mg/kg ww between the two areas (upstream was higher), and
fish from both areas exceeded the guideline. However, larger fish were collected upstream than
downstream which likely explains the spatial differences in total mercury.

Table 1: Average concentrations (* SD; mg/kg ww) of total mercury, lengths (cm) and weights (g)
of fishes sampled upstream and downstream of the MGS on the Saint John River, New Brunswick,

Canadain 2017.

Area/Species THg mg/kg ww Length (cm) Weight (g) Sample Size
Upstream 45
American Eel 0.49 89 1,738 1
Gaspereau 0.10 £ 0.03 26+3 129 + 49 5
Largemouth Bass 0.12+0.21 8+5 14 + 34 12
Smallmouth Bass 0.56+£0.29 299 418 £ 299 24
White Perch 0.15 19 --- 1
White Sucker 0.15,0.12 18, 28 54,226 2
Downstream 68
American Eel 0.24 +0.07 32+10 73 + 84 20
Gaspereau 0.07 £0.01 131 212 8
Muskellunge 0.91+0.54 86+ 12 4,598 £ 1,928 10
Rainbow Trout 0.08 £ 0.02 55+6 2,508 +1,610 5
Shortnose Sturgeon 0.99 + 0.57 90+6 3,860 £ 823 3
Smallmouth Bass 0.38+0.42 22+11 247 + 374 20
Striped Bass 1.13,2.14 88, 105 7,700, 13,600 2
Overall 113
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Figure 2: Total mercury (mg/kg ww) in relation to length of individual fish from upstream
(triangles) and downstream (circles) sites near the MGS (see Figure 1) on the Saint John River, New
Brunswick, Canada in 2017. Red horizontal lines indicate the maximum level of mercury for the
commercial sale of fish in Canada (0.5 mg/kg ww; Health Canada).
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Figure 3 (continued): Total mercury (mg/kg ww) in relation to length of individual fish from
upstream (triangles) and downstream (circles) sites near the MGS (see Figure 1) on the Saint John
River, New Brunswick, Canada in 2017. Red horizontal lines indicate the maximum level of mercury
for the commercial sale of fish in Canada (0.5 mg/kg ww; Health Canada).

Discussion

The median concentrations of total mercury in most fish species residing in the reservoir of the
MGS and downstream were similar to the national values for the species (Table 2; Depew et al.,
2013). Exceptions were found for the Muskellunge, Smallmouth Bass, White Perch and Striped
Bass, which had elevated median concentrations of total mercury in the Saint John River in
comparison to the national median values (Table 2). However, only 1 White Perch and 2 Striped
Bass were analyzed from the Saint John River and Striped Bass and Muskellunge from this system
were larger than the median sizes presented in the national database. This size difference could be
the driver of the higher concentrations. Little fish mercury data exist in New Brunswick for
comparisons to the current results. Dadswell (1975) reported average total mercury
concentrations in fish from the Saint John River estuary. He found that Striped Bass, American Eel,
White Sucker, and Alewife had 2.13 mg/kg ww, 0.65 mg/kg ww, 0.25 mg/kg ww, and 0.07 mg/kg
ww total mercury, respectively. These concentrations are higher than those measured in 2017;
however, body sizes were not reported in the 1975 study and thus results are difficult to compare
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directly. White sucker from lakes in New Brunswick had total mercury values (0.04 to 0.24 mg/kg
ww) that were similar to those found herein (Finley et al. 2016).

Table 2: A comparison of the median size (cm) and median total mercury (mg/kg ww) in skinless
fillets of freshwater fish species from a Canadian Fish Mercury Database based on fish collected
nationally from 1967 - 2010 (Depew et al. 2013) and the median size and median total mercury in
fishes of the Saint John River in 2017 (this study). (<DL = below detection limit; bolded values are
fish with higher total mercury in the Saint John River unadjusted for differences in sizes)

National National National Saint John Saint John
Species Database - Database - Database - River - River -
Median Median Total Range in Total Median Median Total
Length Mercury Mercury Length Mercury

American Eel 73.0 0.32 <DL - 2.08 309 0.25
Gaspereau 16.9 0.07 0.02-0.40 14.0 0.07
Largemouth Bass 31.6 0.29 <DL -3.40 6.25 0.04
Muskellunge 77.3 0.46 0.04 - 3.20 88.2 0.74
Rainbow Trout 54.0 0.11 <DL - 0.94 58.2 0.07
Smallmouth Bass 31.8 0.33 <DL -5.00 25.3 0.40

Striped Bass 41.3 0.34 0.11-0.89 87.5,104.5 1.13, 2.141
White Perch 21.7 0.10 <DL -1.37 19.0 0.152

White Sucker 41.3 0.12 <DL -4.39 17.6,28.0 0.15,0.121

1 Only 2 fish analyzed. 2 Only 1 fish analyzed.

Several factors (size, lifespan, feeding habits, habitat use) affect the levels of mercury in fishes
(Wiener et al. 2003; Wyn et al. 2009). The body size of a fish affects their mercury levels because
methylmercury typically accumulates in individuals over time (Wiener et al. 2003). The Shortnose
Sturgeon, Muskellunge, and Striped Bass were the largest fish sampled in the Saint John River and
these species had high total mercury likely because of their long lifespans. Also, higher mercury
levels were found in the larger than smaller individuals within several of these species. Total
mercury levels of White Sucker were low, likely because this species occupies a lower position in
the food web. However, Shortnose Sturgeon feed at a low trophic level (eating mostly benthic
invertebrates) but had high concentrations of total mercury, probably because this species lives a
long time and exclusively in the freshwaters of the Saint John River (e.g., Usvyatsov et al. 2012).
Shortnose Sturgeon collected in the 1970s had total mercury levels similar to those from 2017
(1970s average = 1.17 mg/kg ww; Dadswell 1975). In contrast, Atlantic Sturgeon collected from
the Saint John River in 2016 had mean concentrations of 0.18 * 0.08 mg/kg ww methylmercury
(Mallory et al. 2018). This is more than five times lower than levels measured in Shortnose
Sturgeon in the current study. Atlantic Sturgeon, however, spend a considerable portion of their
life at sea and thus live in an environment with lower exposure to mercury. Gaspereau are also an
anadromous species that live primarily in marine environments and exhibit low mercury
concentrations (van der Velden et al. 2013). The effects of both body size and trophic position were
apparent for American Eel and Smallmouth Bass; both had increasing total mercury with body size,
but eels feed lower in the food web (e.g., consume smaller fish) and had lower total mercury levels
than did the Smallmouth Bass.

Mercury in Canadian fishes is a well-known, widespread phenomenon that has led to
advisories for fish consumption (e.g., Depew et al. 2013, Gandhi et al. 2015). The Government of
New Brunswick has mercury advisories for consumption of Brook Trout, Lake Trout, Landlocked
(Atlantic) Salmon, Smallmouth Bass, (Yellow) Perch, Burbot, (Chain) Pickerel, Striped Bass and
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Catfish (Brown Bullhead) (as presented in the annual fishing regulations document for the public,
Government of New Brunswick, 2017). The advisory suggests that consumption of larger bodied
fish (>29 cm in length) be avoided.

This report describes preliminary data on mercury levels in fish collected upstream and
downstream of the MGS in the Saint John River, New Brunswick in 2017. These species were
included because they are believed to be consumed by members of the local First Nations
communities and may also be consumed by recreational fishers. Some fish species of the Saint John
River had total mercury levels that were close to or exceeded the national median values, although
some of this was explained by differences in fish size, and some fish exceeded Health Canada’s
maximum levels for commercial sale. The higher mercury levels observed in some species indicates
that a more comprehensive study of mercury in fishes of the Saint John River is warranted.
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