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Summary
Hg is known to affect productivity, reproduction and survival of coastal and marine
animals and when deposited in aquatic ecosystems the metal can be bioaccumulated in
the food web. Se is a naturally occurring essential nonmetal that is present in all cells. It
has many important functions in the cell and it also stimulates the immune system. The
relationship between Hg and Se has been subject to numerous studies and the majority
point to a negative relationship between the two elements, showing mitigating effects
of Se on Hg toxicity. However, some studies have shown no relationship between Hg
and Se concentrations and others demonstrate a positive relationship between the two.
Generally a large excess of Se in relation to Hg has been observed in fish. The tissue
concentrations of and the relationship between Hg and Se are suggested to be
dependent on a number of factors, such as the relative concentrations of the elements
and their bioavailabilities. The aim of this study was to investigate the temporal trends
and the relationship between Hg and Se concentrations in herring muscle at three
different locations along the Swedish east coast. Further, the aim was to give
recommendations to whether Se concentrations in fish in Swedish waters should be
included in the SCMPMB.
Concentrations of Hg in herring muscle were generally higher than concentrations of Se.
The highest Hg concentrations were found in herring muscle from Ängskärsklubb, while
Landsort had the highest Se concentrations. Se concentrations in herring muscle were
decreasing at Utlängan and Ängskärsklubb.
The results from this study indicate a complex relationship between Hg and Se
concentrations in herring muscle, depending on the magnitude of the Hg concentration.
At Hg concentrations below 40 ng/g, a negative correlation between Hg and Se was
seen, while at concentrations of Hg above 40 ng/g w.w the correlation to Se was
positive. The conclusion of this study is that concentrations of Se in herring from
Swedish waters should be included in the SCMPMB.
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1. Introduction
1.1 Background
Mercury (Hg) is a toxic element that easily transforms into different chemical forms and
transports over long distances via the atmosphere. Hg has been widely used historically,
for example in metal smelting and chlorine chemical plants. Cement plants are a large
emitter of airborne Hg and power plants are the largest source, emitting around 50 tons
of Hg pollution annually. The high toxicity and environmental hazardousness of Hg has
lead to the element being banned within many commercial areas. When deposited in
aquatic ecosystems the metal can be bioaccumulated in the food web (Yang et al. 2008).
Hg is known to affect productivity, reproduction and survival of coastal and marine
animals (WHO 1989). Since it is a heavy metal that bioaccumulates and biomagnifies
through the aquatic food web, the presence and behavior of Hg in aquatic systems are
of great interest and importance.
Selenium (Se) is a naturally occurring essential nonmetal that is present in all cells. It is
an antioxidant, about a thousand times more active than vitamin E (Parkman and
Hultberg 2002). It has many important functions in the cell and it also stimulates the
immune system. A diet containing less than 0.1 ug/g Se can lead to Se deficiency for
humans, but levels around 5 ug/g can cause toxic effects (Chen et al. 1980; Yang et al.
2008). Anthropogenic sources of selenium include coal burning and the mining and
smelting of sulfide ores. The main commercial uses for Se today are in glassmaking and
in chemicals and pigments. An important point of entry of Se into the food web is likely
to be the uptake from sediments by benthic organisms or the incorporation of the
element by for example phytoplankton (Parkman 2002; Kehrig and Seixas 2009). It has
been shown that organisms assimilate higher concentrations of Se in their body when
living in an Se rich environment, but no biomagnifications of Se along the food web has
been discovered (Yang et al. 2008). Rather a decrease in Se concentrations was seen,
probably due to biomass dilution. Herring and fish overall is a source of Se for marine
mammals, birds and humans.
The relationship between Hg and Se has been subject to numerous studies (Lourdes et
al. 1991; Parkman and Hultberg 2002; Chen et al. 2001; Jin et al 2006; Yang et al 2008).
The majority of the papers point to a negative relationship between the two elements
(Paulsson & Lundbergh 1991; Chen et al. 2001; Jin et al. 2006), showing mitigating
effects of Se on Hg toxicity (Beijer and Jernelov 1978; Cuvin‐Aralar and Furness 1991).
Studies have shown that intake of Se can repress the toxic effects of high Hg levels
(Paulsson 1991; Chen et al. 2001). Further, Se has been shown to reduce Hg
bioavailability and trophic transfer in aquatic ecosystems (Southworth et al. 2000;
Kehrig and Seixas 2009). Studies have emphasized Se treatment of waters as a means of
decreasing the Hg content in fish (Turner and Swick 1983; Paulsson 1991). Possible
pathways leading to biological Hg‐Se antagonism are for example formation of MeHg‐Se
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compounds (methyl Hg ‐ the most toxic form of Hg) or formation of inorganic Hg‐Se
compounds (Kehrig and Seixas 2009; Khan 2009). The possible formation of a non toxic
Hg‐Se complex seems to be the most accepted mechanism to explain the antagonism of
Se on Hg toxicity (Yang et al. 2008).
However, the relationship between Hg and Se is controversial. Some studies have
shown no relationship between Hg and Se concentrations in fish muscle (Cappon &
Smith 1981; Lyle 1986; Barghigiani et al. 1991; Plessi et al. 2001) and others
demonstrate a positive relationship between Hg and Se in fish muscle (Koeman et al.
1973; Kehrig and Seixas 2009). Generally a large excess of Se in relation to Hg has been
observed in fish (Kehrig and Seixas 2009). The tissue concentrations of and the
relationship between Hg and Se are suggested to be dependent on the relative
concentrations of the elements and their bioavailabilities, the animals size and dietary
habits and the physical, as well as the chemical characteristics of the system they inhabit
(Parkman 2002; Kehrig and Seixas 2009).
This study investigates the temporal trends and the relationship between Hg and Se
concentrations in herring muscle at three different locations along the Swedish east
coast, Ängskärsklubb, Utlängan and Landsort. Hg concentrations at Ängskärsklubb are
relatively high and fluctuating over time, while concentrations at Utlängan and Landsort
generally are lower (Swedish Contaminant Monitoring Programme in Marine Biota
(SCMPMB), 2010). Data on Se levels are scarce, as Se is not one of the mandatory
contaminants that should be analyzed and reported within the OSPARCOM and the
HELCOM conventions. Jin et al. (2006) point out that field studies on the Se‐Hg
interaction in freshwater fish are relatively deficient, and that the data collected from
these studies often are controversial.

1.2 Aim of the study
The aim of the present study was to investigate the relationship between Hg and Se in
muscle of Baltic herring. Time trends of Hg concentrations are generally better known
than trends of Se. By comparing concentrations of Se and Hg over time from three
locations with different Hg levels, the possibility to discover potential time trends and
positive or negative relationships between the two elements is high. Based on the
findings, the aim of the study was to give recommendations to whether Se
concentrations in fish in Swedish waters should be included in the SCMPMB.

2. Method
2.1 Hg and Se analysis
Herring from the environmental specimen bank at the Swedish Museum of Natural
History was used to investigate the relationship between Hg and Se. From the location
at Landsort, data on Se and Hg levels was already available. Data on Hg concentrations
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for Ängskärsklubb and Utlängan already existed within the SCMPMB. However, to avoid
differences between laboratories, samples from Ängskärsklubb and Utlängan were
analyzed again, for both Hg and Se at ALS Scandinavia. The time series stretched from
1979 to 2010 for Ängskärsklubb, from 1980 to 2009 for Utlängan, and from 1981 to
2006 for Landsort. 0.2 g skinless herring muscle from 12 individuals from each year and
location was pooled (total 2.4 g/pool, 58 pools) and sent to ALS Scandinavia for Hg and
Se analysis. The samples were dissolved in closed containers with HNO3 + H2O2 in a
microwave. Analysis was conducted according to EPA‐methods (modified) 200.7 (ICP‐
AES) and 200.8 (ICP‐SFMS). The results were reported in ng/g wet weight.

2.2 Statistical analysis
For statistical analysis R version 2.12.1 (2010‐12‐16) was used, mainly linear regressions.

3. Results and discussion
Concentrations and changes over time for Hg and Se are first presented per location and
then the relationship between Hg and Se is discussed.

3.1 Hg and Se concentrations
Herring at Ängskärsklubb had the highest Hg concentrations, ranging between 16 and
222 ng/g fresh w.w. (Figure 1a). The concentrations fluctuated over time, which
corresponds well to the time series in the SCMPMB, 2010. Further, Hg concentrations at
Ängskärsklubb were showing a significant downward trend. Concentrations of Se were
higher than Hg concentrations, which also have been noticed in earlier studies (Plessi et
al. 2001; Kaneko and Ralston 2007; Kehrig and Seixas 2009). Se concentrations in herring
muscle at Ängskärsklubb were decreasing significantly over time.
Concentrations of Hg in herring at Utlängan were generally lower than concentrations at
Ängskärsklubb, not exceeding the limit in children’s food by SNFA (50 ng/g fresh wt.). In
the late nineties Hg concentrations started to fluctuate and a significant increasing time
trend was observed (Figure 1b). Se concentrations decreased significantly in a similar
way as in herring from Ängskärsklubb. The concentrations of Se were higher than the
concentration of Hg.
Concentrations of Hg in herring at Landsort fluctuated over time, ranging between 14
and 58 ng/g fresh w.w. (Figure 1c). The Se concentrations were considerably higher at
Landsort than at the other two investigated locations. No statistically significant time
trends regarding Hg and Se concentrations were found for Landsort.
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Figure 1. Concentrations of Hg (ο) and Se (•) in herring muscle over time from a) Ängskärsklubb (Hg,
p<0.01, R2=0.23; Se, p<0.0001, R2=0.70), b) Utlängan (Hg, p<0.001, R2=0.33; Se, p<0.0001, R2=0.51) and c)
Landsort.

Concentrations of Se in herring from Ängskärsklubb and Utlängan were within the same
range and showed a similar statistically significant decrease over time (Table 1).
Analyzes of Hg and Se concentrations in herring from Landsort was performed at SLU
and ITM, respectively. Se concentrations at Landsort were higher, and showed no
decrease over time. Whether this reflects geographical differences, or differences
between the laboratories conducting the analyses are not known.
Table 1. Mean±SD of Hg and Se concentrations (ng/g) for Ängskärsklubb, Utlängan and Landsort.

Hg
Se

Ängskärsklubb
67.6±49.3
209.7±50.0

Utlängan
17.6±9.1
270.9±47.1

Landsort
35.2±11.9
1184±156

3.2 The relationship between Hg and Se
The concentrations of Hg and Se in herring muscle at Ängskärsklubb were positively
correlated (Figure 2a). However, at Hg concentrations below approximately 40 ng/g
w.w., the correlation to Se appeared to be negative (not statistically significant). At
Utlängan, Hg and Se concentrations in herring muscle were negatively correlated (Figure
2b). At Landsort, Se and Hg concentrations in herring muscle was negatively correlated,
however, not statistically significant (Figure 2c).
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Figure 2. The relationship between Hg (ng/g) and Se (ug/g) in herring muscle at a) Ängskärsklubb
(p<0.001, R2=0.43), b) Utlängan (p=0.001, R2=0.30) and c) Landsort (no significant trend).

The difference in Hg concentration between locations could explain the differences in
the relationships between Hg and Se. The positive correlation between Hg and Se
concentrations at Ängskärsklubb could be due to the much higher Hg concentrations
compared to the other two locations. As described earlier, Parkman (2002) suggests that
the relationship between Hg and Se is dependent on the relative concentration of the
elements.
The results from this study indicate a complex relationship between Hg and Se
concentrations in herring muscle, depending on the magnitude of the Hg concentration.
At Hg concentrations below 40 ng/g, a negative correlation between Hg and Se was
seen, while at concentrations of Hg above 40 ng/g w.w the correlation to Se was
positive.
More information regarding the relationship between Hg and Se could be gained by
studying concentrations in the liver. Studies have shown that in some cases of high Hg
concentrations, Se is transported to the liver to mitigate the toxic effects of Hg (Kehrig
and Seixas 2009).

4. Conclusions
Se levels are decreasing over time at both Ängskärsklubb and Utlängan. Se is a
nutritionally essential element and the concentrations are regulated by homeostatic
mechanisms, a decreasing trend over time is not expected. Because of the many risks
with Se deficiency as an essential substance, and the proven mitigating effects of Se on
Hg toxicity, decreasing levels of Se in the marine environment can be a potential
problem to fish, marine mammals and even humans. The conclusion of this study is that
concentrations of Se in herring from Swedish waters should be included in the SCMPMB.

9

The relationship between mercury and selenium in Baltic Herring ‐ a retrospective study
Report nr. 4:2011, Agreement 212 1067 dnr 235‐5441‐10Mn

5. Acknowledgements
The Swedish EPA for funding.

6. References
Barghigiani, G., Pellegrini, D., Dulivo, A., Deranieri, S. 1991. Mercury assessment and its relation to
selenium levels in edible species of the northern Tyrrhenian sea. Mar. Poll. Bull. 22(8), 406‐409.
Beijer, K., Jernelöv, A. 1978. Ecological aspects of mercury‐selenium interactions in the marine
environment. Environ. Health. Persp. 25, 43‐45.
Bignert A., Danielsson S., Nyberg E., Asplund L., Eriksson U., Nylund K., Berger U. & Haglund P. 2010.
Comments Concerning the National Swedish Contaminant Monitoring Programme in Marine Biota,
2010. Report to the Swedish Environmental Protection Agency. Report nr 1:2010. Pp 155.
Chen, X. S., Yang, G. Q., Chen, J. S., Chen, X. C., Wen Z. M., Ge, K.Y. 1980. Studies on the relations of
selenium and Keshan disease. Biol. Trace Elem. Res. 2(2), 91‐107.
Chen, Y‐W., Belzile, N., Gunn, J. M. 2001. Antagonistic effect of selenium on mercury assimilation by fish
populations near Sudbury metal smelters? Limn. and oceanogr. 46 (7), 1814‐1818.
Jin, L., Liang, L., Jiang, G., Xu, Y. 2006. Methylmercury, total mercury and total selenium in four common
freshwater fish species from Ya‐Er Lake, China. Environ. Geochem. and Health. 28, 401‐407.
Kaneko, J. J., Ralston, N. V. C. 2007. Selenium and mercury in pelagic fish in the central noth pacific near
Hawaii. Biol. Trace. Elem. Res. 119, 242‐254.
Kehrig, H. A., Seixas, T., Palermo, E., Baêta, A., Castelo‐Branco, C., Malm, O., Moreira, I. 2009. The
relationships between mercury and selenium in plankton and fish from a tropical food web.
Environ. Sci. Pollut. Res. 16 (1), 10‐24.
Khan, M. A. K., Wang, F. 2009. Mercury‐selenium compounds and their toxicological significance toward a
molecular understanding of the mercury‐selenium antagonism. Environ. Toxicol. and Chem. 28 (8),
1567‐1577.
Koeman, J. H., Peeters, V. H. M., Koudstaal‐Hol, C. H. M., Tjioe, P. S., De Goeij, J. J. M. 1973. Mercury‐
Selenium Correlations in Marine Mammals. Nature. 245, 385 ‐ 386
Lourdes, M., Cuvin‐Aralar, A., Furness, R. W. 1991. Mercury and selenium interaction: A review.
Ecotoxicol. and environ. safety. 21, 348‐364.
Lyle, J. M. 1986. Mercury and selenium concentrations in sharks from northern Australian waters. Austr. J.
Mar. and Fresh. Res. 37(3), 309‐321.
Parkman, H., Hultberg, H. 2002. Occurence and effects of selenium in the environment – a literature
review. IVL, report B 1486.
Paulsson, K., Lundbergh, K. 1989. The selenium method for treatment of lakes for elevated levels of
mercury in fish. The science of the Total Environ. 87/88, 495‐507.
Paulsson, K., Lundbergh, K. 1991. Treatment of mercury contaminated fish by selenium addition. Water,
air and soil poll. 56, 833‐841.
Peterson, S. A., Ralston, N. V. C., Peck, D. V., Spate, V. L., Morris, J. S. 2009. How might selenium moderate
the toxic effects of mercury in stream fish of the western U.S.? Environ. Sci. Technol. 43, 3919‐3925.
Plessi, M., Bertelli, D., Monzani, A. 2001. Mercury and selenium content in selected seafood. Journ. of
Food Comp. and analysis. 14, 461‐467.
Southworth, G. R., Peterson, M. J., Ryon, M. G. 2000. Long‐term increased bioaccumulation of mercury in
largemouth bass follows reduction of waterborne selenium. Chemosphere. 41, 1101‐1105.
Turner, M. A., Swick, A. L. 1983. The English Wabigoon river system .4. interaction between mercury and
selenium accumulated from waterborne and dietary sources by northern pike (Esox Lucius). Can. J.
Fish. Aquat. Sci. 40(12), 2241‐2250.
WHO. 1989. Mercury. Environmental aspects Criteria N° 86. World Health Organization, Geneva,
Switzerland.
Yang, D. Y., Chen, Y. W., Gunn, J. M., Belzile, N., 2008. Selenium and mercury in organisms: interactions
and mechanisms. Environ. Rev. 16, 71‐92.

10

