Marine Pollution Bulletin 126 (2018) 250–254

Contents lists available at ScienceDirect

Marine Pollution Bulletin
journal homepage: www.elsevier.com/locate/marpolbul

Baseline

Methylmercury in tissues of Atlantic sturgeon (Acipenser oxyrhynchus) from
the Saint John River, New Brunswick, Canada

MARK

⁎

Mark L. Mallorya, , Nelson J. O'Driscollb, Sara Klapsteinb, Jose Luis Varelaa, Cornell Ceapac,
Michael J. Stokesburya
a

Biology, Acadia University, Wolfville, NS B4P 2R6, Canada
Earth & Environmental Science, Acadia University, Wolfville, NS B4P 2R6, Canada
c
Acadian Sturgeon and Caviar Ltd., 30 Carters Wharf Road, Carters Point, New Brunswick E5S 1S5, Canada
b

A R T I C L E I N F O

A B S T R A C T

Keywords:
Anadromous
Fish
Mercury
Canada

Environmental contamination by mercury is a concern in marine food webs, and especially for large ﬁsh. We
examined methylmercury (MeHg) levels in blood, muscle and liver of 35 individual Atlantic sturgeon (Acipenser
oxyrhynchus), a commercially harvested, anadromous ﬁsh eastern Canada. Females had higher blood and liver
MeHg levels than males, and in some tissues there was a suggestion of higher mercury in longer ﬁsh.
Collectively, sturgeon MeHg levels were far below Canadian and international guidelines for safe consumption of
ﬁsh meat.

Mercury (Hg) is an environmental pollutant which occurs naturally
but is elevated in many ecosystems due to release from anthropogenic
activities and long-range transport (Schroeder and Munthe, 1998;
Prestbo and Gay, 2009). Environmental mercury occurs in several forms
(Lindberg and Stratton, 1998; O'Driscoll et al., 2005). In its methylated
form (methylmercury, MeHg), mercury readily moves into biological
tissues where it binds to sulfhydryl groups in proteins (Wiener and Spry,
1996). Methylmercury biomagniﬁes in food chains to reach levels in
upper trophic levels that can lead to deleterious neurological and reproductive eﬀects in ﬁsh (e.g. Clarkson and Magos, 2006;
Scheuhammer et al., 2007; Drevnick and Sandheinrich, 2003). Therefore, human consumption of Hg is of international concern, and many
countries have established guidelines of acceptable levels of Hg in foods
(Lowenstein et al., 2010). In 2013 an international agreement to reduce
Hg entering the environment, was signed at the Minamata Convention
on Mercury (http://mercuryconvention.org/).
Biomagniﬁcation of MeHg is particularly prominent in marine food
chains (Ullrich et al., 2001), and many large, top predatory ﬁsh like
tuna, swordﬁsh (Xiphias gladius) and sharks have tissue levels exceeding
levels considered safe for human consumption (Lowenstein et al.,
2010). Local environmental conditions can also lead to markedly high
Hg concentrations in freshwater ﬁsh (Kamman et al., 2005), and thus
anadromous ﬁsh species moving between marine and freshwater environments can be exposed to high Hg throughout their life cycle and
may have high tissue concentrations (e.g., Agusa et al., 2004; Webb
et al., 2006).

⁎

In eastern North America, the combination of historic industrial
activity near the Great Lakes and prevailing wind patterns moving west
to east, as well as local emission sources, meant that the northeastern
United States and Canadian Maritime provinces have experienced acid
deposition and moderate mercury concentrations in precipitation,
which combined with other ecosystem characteristics such as ﬂat topography and low buﬀering capacity have resulted in high Hg accumulation in biota (Miller et al., 2005; Evers et al., 2007; Sunderland and
Chmura, 2000a, 2000b; Prestbo and Gay, 2009). While wet deposition
concentrations of mercury are believed to be declining, some ecosystems in this area are still showing increases of mercury in biota (Evers
et al., 2007; Prestbo and Gay, 2009; Wyn et al., 2010), including coastal
and marine mammals, birds and ﬁsh (e.g., Gaskin et al., 1979; Braune
and Gaskin, 1987; Goodale et al., 2008; Edmonds et al., 2012;
Sunderland et al., 2012).
Investigations into mercury load have been made for several species
of ﬁshes in the Bay of Fundy and Saint John River (Dadswell, 1975).
Striped bass (Morone saxatilis) had a mercury load of 2.13 μg/g and
shortnose sturgeon (Acipenser brevirostrum) had a lower mercury load of
1.18 μg/g and American shad (Alosa sapidissima) had a very low load of
0.10 μg/g (Dadswell, 1975). For shortnose sturgeon, increases in mercury were highly correlated with increased weight of the individual
(r = 0.97). One anadromous ﬁsh which spends much of its life living in
the ocean but returns to this river system to breed, and that grows to a
larger length and mass than shortnose sturgeon is the Atlantic sturgeon
(Acipenser oxyrhynchus). This species has not been assessed for Hg load,
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despite its longevity, “near threatened” status internationally (St.
Pierre, 2006) and “threatened” status in Canada (COSEWIC, 2011).
Moreover, Atlantic sturgeon support two small scale commercial ﬁsheries in Canada, for human consumption. One ﬁshery in the Saint John
River harvests adults for caviar and meat products, while one in the St.
Lawrence River harvests juveniles for meat products.
Sturgeon are primarily benthivores that feed at a relatively low
trophic level (Sulak et al., 2012), consuming a variety of intertidal and
benthic invertebrates, small ﬁshes (Novak et al., 2017), and notably
various marine worms (Miller, 2004; McLean et al., 2013). Globally,
sturgeon species vary considerably in their Hg tissue concentrations
(e.g., Agusa et al., 2004; Webb et al., 2006; Agah et al., 2006), with
some species exceeding international guidelines (these range from
0.4–1.0 μg/g wet weight; Lowenstein et al., 2010). This species can
become very large; the largest recorded Atlantic sturgeon was a female
captured in the Saint John River Estuary in 1924 at 4.6 m in length and
a mass of 365 kg (Scott and Scott, 1988). Most mature Atlantic sturgeon
attain a length of 2–3 m total length (TL) and a mass of 100 to 200 kg
for females with males being smaller at 1.4 to 2.1 m TL and 50–100 kg
(Smith, 1985, Dadswell et al., 2016). In Atlantic sturgeon body length is
a suitable proxy for age because sturgeon continue to grow, and their
growth rate is not reduced much even after reproduction (Billard and
Lecointre, 2001; Stewart et al., 2015). Maximum age for Atlantic
sturgeon is reported to be 54 years for a ﬁsh captured in Minas Basin,
Nova Scotia in 2010 (Dadswell et al., 2016). Consequently, long sturgeon can be decades old and could have accumulated Hg for many
years.
As part of ongoing research on Atlantic sturgeon populations in the
Bay of Fundy region (Apostle et al., 2013; Stewart et al., 2015), we
sampled MeHg in tissues of Atlantic sturgeon caught in the St. John
River, NB after they had moved into freshwater from the Bay of Fundy.
We made three predictions based on evidence from earlier studies: a)
Hg concentration would be highest in muscle tissue (Wiener and Spry,
1996); b) longer sturgeon would have higher concentrations of Hg
(Webb et al., 2006); and c) male and female sturgeon would have similar Hg concentrations (Webb et al., 2006). We expected that Hg
might be highest in muscle tissue because it is the main reservoir for
MeHg in the body (Giblin and Massaro, 1973). Sturgeon are long-lived
ﬁsh that feed at a relatively low trophic level (Webb et al., 2006), and
thus it seemed that muscle could have higher concentration than liver
(the tissue usually supporting the highest concentrations) in this species
(Wiener and Spry, 1996).
We collected samples from Atlantic sturgeon harvested by ﬁshing
28.8 cm stretch gill nets in Long Reach of the Saint John River, New
Brunswick, Canada (45.47°N, 66.12°W) between May and August 2016,
as part of a commercial ﬁshery (Fig. 1). Fish were taken to a processing
plant and were lined up on an antiseptic ﬂoor, measured for body
length (snout to end of tail in cm) and their tails were removed. The
blood sample was taken by holding a vial to the anal artery to allow it
to ﬁll with blood. When the ﬁsh were cleaned, a portion of the liver
(~ 10 g) was removed and placed in a snap closed vial. A sample of the
skeletal muscle was taken from the interior of the ﬁsh's peritoneal
cavity just below the dorsal ﬁn and placed in a snap closed vial. All
individually marked samples for each ﬁsh were placed in a self-sealing
plastic bag, and frozen until processing.
Samples of sturgeon blood, liver and muscle were analyzed for
MeHg at the Center for Analytical Research on the Environment (CARE)
at Acadia University using methods of Edmonds et al. (2012). We
freeze-dried and then homogenized samples into a powder, and then
weighed ~10 mg subsamples on a Sartorius ultra-microbalance, and
then digested those in 2 mL polypropylene vials using 25% KOH/MeOH
(Liang et al., 1994). Aliquots of digest were derivatized with sodium
tetraethyl borate (NaB(C2H5)4) purged onto Tenax traps and analyzed
by gas chromatography with cold vapour atomic ﬂuorescence spectrophotometer (GC-CVAFS Brooks Rand MERX; Bloom and Fitzgerald,
1988; Edmonds et al., 2010). Values were not recovery corrected as we

Fig. 1. Concentrations of methylmercury (MeHg; μg/g ww) in (a) liver, (b) muscle and (c)
blood from Atlantic sturgeon captured in the St. John River, New Brunswick, Canada.
Males are noted by black circles, females with white circles. Statistical analyses were
conducted on ln-transformed values.

achieved good recovery of DOLT-5 and DORM-4 Certiﬁed Reference
Material (National Research Council of Canada, Ottawa, Canada; mean
recovery 102.9 ± 0.2SD%, n = 17). No samples were below the mean
method detection limit (MDL; 3 times the standard deviation of blanks)
of 0.31 pg. We converted all values to wet weight (ww) assuming 70%
moisture content for muscle and liver and 80% for whole blood (e.g.,
Mallory et al., 2004).
All statistical analyses were run in Statistica 13 (Dell, 2017). We
tested data distributions using Kolmogorov-Smirnov tests, and Levene's
test to assess homogeneity of variance. MeHg data were log-transformed for all analyses, after which all data approximated normal distributions (all p > 0.1). We used Pearson correlation and analysis of
covariance to assess eﬀects of body length and sex on MeHg concentrations in tissues.
We collected tissue samples from 16 male and 19 female sturgeon
(Table 1). Mean MeHg concentration was highest in muscle tissue and
then liver tissue, both of which had concentrations > 6× higher than
blood. Tissue concentrations were correlated: sturgeon with higher
blood MeHg had higher liver MeHg (r35 = 0.67, p < 0.001) and
higher muscle MeHg (r35 = 0.76, p < 0.001), and ﬁsh with higher
muscle MeHg had higher liver MeHg (r35 = 0.63, p < 0.001). However, among tissues, all r2 ≤ 0.58, meaning that concentration in one
tissue was a good predictor of concentration in another tissue, but much
variation was not explained.
MeHg concentrations varied across tissues, and by sex and length of
251
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Table 1
Descriptive statistics for body length and methylmercury (MeHg) concentrations (wet weight) in Atlantic sturgeon captured from the St. John River, New Brunswick.
Parameter

Male (n = 16)

Body length (cm)
Liver MeHg (μg/g)
Muscle MeHg (μg/g)
Blood MeHg (μg/g)

Female (n = 19)

Pooled (n = 35)

Mean

SD

Min

Max

Mean

SD

Min

Max

Mean

SD

Min

Max

185
0.111
0.159
0.014

18
0.087
0.072
0.056

147
0.024
0.078
0.006

213
0.315
0.366
0.026

208
0.180
0.198
0.018

14
0.087
0.072
0.010

185
0.057
0.087
0.006

243
0.423
0.366
0.050

197
0.150
0.180
0.016

20
0.093
0.075
0.008

147
0.024
0.078
0.006

243
0.423
0.366
0.050

Note that we measured MeHg whereas guidelines are for THg, and thus
our values may slightly underestimate total Hg in ﬁsh, because THg in
ﬁsh is ~90% MeHg (Handy, 1996). However, as MeHg is the Hg species
of most concern, regulators set guidelines assuming all Hg is MeHg
(Health Canada, 2007).
As expected, Hg was highest in muscle tissue. In many ﬁsh concentrations are highest in liver tissue (Wiener and Spry, 1996), but
those may often be shorter-lived species that feed at high trophic levels,
and thus ingest comparably high Hg in their diet. After dietary exposure
in ﬁsh, MeHg may initially be high in tissues like liver, but eventually
binds to sulfhydryl groups in protein in muscle, and elimination rates of
MeHg generally are lower than uptake rates (Giblin and Massaro, 1973;
Wiener and Spry, 1996). We speculate that the higher MeHg concentration in sturgeon muscle than liver may result from prolonged
exposure to low dietary concentrations but lower elimination rates over
many years, such that MeHg becomes relatively high in muscle tissue
(Wiener and Spry, 1996). Although MeHg in blood, liver and muscle
tissues were positively correlated, as noted earlier there was much
unexplained variation among tissues, suggesting that other physiological factors (e.g., body condition, reproductive status) inﬂuence Hg
concentrations in speciﬁc tissues, as found previously (e.g., Suzuki
et al., 1973; Webb et al., 2006).
Globally, mean concentrations of Hg in most wild marine ﬁsh are
reported to range between 0.02 and 1.82 μg/g ww (e.g., Agah et al.,
2006; Health Canada, 2007), with highest concentrations found in top
predators (Lowenstein et al., 2010) like sharks and swordﬁsh, which in
some cases can exceed 3 μg/g ww (Nakagawa et al., 1997; Kojadinovic
et al., 2006). Concentrations in canned ﬁsh can vary greatly, with
various studies showing a range of 0.02–1.00 μg/g ww depending on
species and geographic region (e.g., Plessi et al., 2001; Burger and
Gochfeld, 2004; Ikem and Egiebor, 2005). Freshwater ﬁsh species also
exhibit concentrations > 1.0 μg/g ww (Kamman et al., 2005), with
piscivorous species having higher concentrations than non-piscivorous
species (Peterson et al., 2007). In the Gulf of Maine/Bay of Fundy region, Atlantic sturgeon had lower mean MeHg levels than THg in spiny
dogﬁsh (a shark; Squalus acanthias; 0.27 μg/g ww), but higher than
other anadromous ﬁsh including Atlantic salmon (Salmo salar; 0.07 μg/
g) and alewife (Alosa pseudoharengus; 0.06 μg/g) (THg; Sunderland
et al., 2012). Values of THg across the trophic web of the Bay of Fundy
are summarized in Table 2 and show that our Atlantic sturgeon Hg

Table 2
Mercury concentrations (μg/g ww) in muscle of selected biota of the
Bay of Fundy region (from Sunderland et al., 2012 except “worms”
which include values from Sizmur et al., 2013).
Taxonomic group

THg
Range of means

Phytoplankton
Zooplankton
Worms
Molluscs
Urchins
Lobster
Fish
Marine birds
Marine mammals

0.002–0.004
0.006–0.043
0.009–0.431
0.016–0.111
0.027
0.098–0.143
0.004–0.440
0.037–0.606
0.160–1.540

sturgeon (Table 1, Fig. 1). Longer sturgeon tended to have higher
concentrations of blood MeHg (r35 = 0.33, p = 0.053) and muscle
MeHg (r35 = 0.33, p = 0.056), and the correlation was positive but not
signiﬁcant for liver MeHg (r35 = 0.15, p = 0.38). This suggested we
should account for body length to compare MeHg between sexes. Female sturgeon had higher concentrations of liver MeHg than males
(Fig. 1a; ANCOVA; F1,33 = 10.3, p = 0.003), but the eﬀect of body
length was not signiﬁcant (F1,33 = 1.3, p = 0.26), and the overall
model explained relatively little variation (adj. r2 = 0.22). Muscle
MeHg was not explained signiﬁcantly by either sex (Fig. 1b; ANCOVA;
F1,33 = 0.7, p = 0.4) or body length (F1,33 = 1.2, p = 0.3; interaction
term p > 0.1). For blood MeHg, there tended to be an interaction
between sex and body length (ANCOVA; F1,31 = 3.6, p = 0.07), so we
analyzed patterns within each sex. Male sturgeon had similar blood
MeHg irrespective of body length (Fig. 1c; r16 = − 0.06, p = 0.82),
whereas longer female sturgeon had higher blood MeHg (r19 = 0.47,
p = 0.04).
Atlantic sturgeon had a mean MeHg in muscle about 67% lower
than the Canadian guidelines for safe consumption (0.5 μg/g ww;
Canada Food Inspection Agency, 2017), lower than all internationally
recommended levels (similar to Canadian guidelines; Lowenstein et al.,
2010; US Food and Drug Administration, 2017), and even the highest
value we measured was 36% lower than Canadian recommendations.

Table 3
Mean and maximum values of THg in muscle tissue, as well as mean body length in the sample, of various sturgeon species from diﬀerent locations around the world. All values are from
animals considered adults, and males and females have been pooled. Note that the values from this study are for MeHg.
Species

Persian sturgeon (Acipenser persicus)
Russian sturgeon (Acipenser gueldenstaedtii)
Beluga sturgeon (Huso huso)
Ship sturgeon (Acipenser nudiventris)
Stellate sturgeon (Acipenser stellatus)
White sturgeon (Acipenser transmontanus)
Atlantic sturgeon (Acipenser oxyrhynchus)
Atlantic sturgeon (Acipenser oxyrhynchus)

Mean THg (μg/g ww)
Mean

Maximum

0.33
0.32
1.4
0.67
0.06
0.17
0.17
0.18

1.6
1.2
3.5
1.9
0.31
1.09
–
0.37

252

Mean length (cm)

Reference

97–147
92–145
175–222
141–163
107–152
110–137
152
197

Agusa et al. (2004)
Agusa et al. (2004)
Agusa et al. (2004)
Agusa et al. (2004)
Agusa et al. (2004)
Webb et al. (2006)
Mierzykowski (2010)
This study
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concentrations ﬁt well within the lobster and ﬁsh THg concentration
ranges measured by Sunderland et al. (2012).
In other sturgeon species, Hg concentrations vary considerably
(Table 3). Agusa et al. (2004) reported muscle THg concentrations of
several species from the Caspian Sea, where Persian sturgeon (Acipenser
persicus) and Russian sturgeon (A. gueldenstaedtii) had concentrations
just under double what we found for Atlantic sturgeon, while THg in
Beluga (Huso huso) and ship sturgeon (A. nudiventris) was much higher,
and concentrations in stellate sturgeon (A. stellatus) were considerably
lower (Table 3). Agusa et al. (2004) attributed these diﬀerences to regional contamination and diets of the diﬀerent species. Webb et al.
(2006) reported mean muscle THg concentrations of white sturgeon
(Acipenser transmontanus) in western North America that were remarkably similar to our overall mean values for Atlantic sturgeon
(Table 1). However, the highest concentration they found in muscle was
1.09 μg/g ww in an old, mature female, three times higher than our
maximum concentration of 0.37 μg/g ww. Mierzykowski (2010) sampled one dead male Atlantic sturgeon and found muscle Hg values similar to ours. Webb et al. (2006) suggested that, although concentrations of THg in sturgeon were lower than many other species examined,
the long lives of sturgeon meant that they could accumulate much
mercury over a lifetime. If length is a suitable proxy for age, our results
suggest that older female ﬁsh have higher muscle MeHg concentrations,
but still not approaching the Canadian Food Inspection Agency (2017)
guidelines of 0.5 μg/g ww. Moreover, the relationship between length
and MeHg was not strong and varied among tissues. Most Hg is taken
up through diet (Wiener and Spry, 1996), and in the Bay of Fundy region, Hg in intertidal invertebrates is quite low (e.g., English et al.,
2015), although some of the benthic polychaetes in deeper sediment
had higher values (Sizmur et al., 2013). Sulak et al. (2012) found little
variation in trophic position (i.e., diet) of Atlantic sturgeon irrespective
of length, and thus the relationship of higher Hg with age or length may
only be relevant for certain size ranges of sturgeon. We also found that
female sturgeon had higher MeHg concentrations than males, contra
Webb et al. (2006), but consistent with Sorensen (1991) who found
higher Hg levels in females from seven of eight ﬁsh species in New
York.
Collectively, Atlantic sturgeon moving in the Bay of Fundy and into
the St. John River had Hg concentrations well below levels considered a
risk for consumption, and below levels associated with deleterious
physiological eﬀects in ﬁsh (5–20 μg/g ww; Wiener and Spry, 1996).
However, additional research is required to determine factors leading to
sex-speciﬁc diﬀerences in MeHg concentrations in this species, and we
also recommend testing sturgeon caviar, since this could form a Hg
burden removal mechanism for females.
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