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Bioaccumulation of mercury in benthic communities
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INTRODUCTION

Idrijca river is situated in the western part of
Slovenia. This is a region between the Alps,
Karst and the Adriatic sea. The climate is
predominately temperate with slight
submediterranean and alpine influences. The
annual precipitation is very high. Due to very
steep mountain slopes, there is also strong
erosion, causing important sediment trans-
port (Rajar, 2001). In the town of Idrija a
mercury mine was operating for 500 years.
The outflow from the mine was polluting the
Idrijca river. Mining activities ceased in
1994, but the levels of mercury are still el-
evated in Idrijca river (HINES ET AL., 2000;
Horvar ET AL., 2002), as well as in the gulf
of Trieste (HORVAT ET AL., 1999). This study
was interested in how total mercury (Hg-T)
and methyl mercury (MeHg) build up in
benthic communities (periphyton and
macroinvertebrates).

The primary producers in river ecosystems
are unicellular and filamentous algae and
blue-green bacteria in the periphyton layer.
They represent food for grazing macro-
invertebrates (snails, mayflies, some caddis
flies etc.), which in turn are food to preda-
tory macroinvertebrates (stoneflies, damself-
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lies, leaches etc.). LAWRENCE and MasoN
(2001) discovered that the intake of mercury
in benthic invertebrates is affected by mer-
cury concentrations in the sediments, the
physical and chemical properties of the sedi-
ments and on the concentrations of mercury
in organisms of lower levels in the food
chain.

METHODS

Four sampling sites were chosen on the
Idrijca river, so that the first one was before
the Idrija mine, near the inflow of Belca river.
The second site was in the town of Idrija,
where the effluents from the mercury mine
flow into Idrijca., two more sites were cho-
sen downstream from Idrija.

Samples were collected during spring, sum-
mer and autumn 2003. Of the primary pro-
ducers, filamentous green algae were
sampled in spring and periphyton s.str. in
summer and autumn. Macroinvertebrates
were sampled at random, those that could be
found during the sampling. They were mostly
caddis flies (Trichoptera) and mayflies
(Ephemeroptera). Samples of water were
also collected.
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All the samples were freeze-dried. Total mer-
cury concentrations were determined using
the cold vapour atomic absorption (CV AAS)
after acid digestion (HORVAT ET AL., 1991).
MeHg concentrations were measured using
two different methods, depending on the na-
ture of the sample. In plant samples and all
the samples from the first sampling site,
MeHg was determined using solvent extrac-
tion, aqueous-phase ethylation, gas chromato-
graphic separation, pyrolysis and CV AFS
detection (LIANG ET AL., 1994). For the rest of
the samples, MeHg was measured using sol-
vent extraction, gas chromatographic separa-
tion and the electron capture detection (GC
ECD) (Horvat & BYRNE, 1990).

RESULTS AND DISCUSSION

Figure 1 shows mercury concentrations in
periphyton. The only organisms that were
sampled on all occasions were caddis flies.
Their Hg-T and MeHg concentrations are
shown in Figure 2.

This investigation has shown that the con-
centrations of mercury in benthic organisms
of'the Idrijca river downstream from the mine
are elevated compared to their environment.
The Hg-, concentrations in sediments are
comparable to those in the organisms,
whereas MeHg concentrations are much
higher in the biota. The highest concentra-
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Figure 1. Hg-T and MeHg concentrations in periphyton of the Idrijca river
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Figure 2. Hg-T and MeHg concentrations in caddis flies (Trichoptera) of the Idrijca river.
S1=before Idrija, S2=in Idrija, S3=Kozarska Grapa, S4=Baca
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tions were measured in the town of Idrija.
The mercury concentrations in benthic or-
ganisms thus reflect to some extent the con-
centrations in water and sediments. However,
more should be known about the ecology,
physiology and metabolism of these organ-
isms to be able to interpret the measured con-
centrations. In order to do that, sampling of
macroinvertebrates should not be random,
but performed in such a way that the posi-
tion of the organism in the river food web
would be known.

In the case of caddis flies, some seasonal
differences were observed (Figure 3). The
most important difference between the au-
tumn sample and the prior two samplings
was in the organisms obtained. In the spring
and summer samplings, the collected organ-
isms were case-dwelling, whereas in autumn
the samples were made of members of the
Hydropsychidae family, which do not make
a case and are filter feeders. It seems that
this difference in ecology could account for
the differences in caddis flies mercury con-
centrations on different sites.
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The percent of MeHg is lower in primary
producers (algae and periphyton s.str.) than
in animals. It may have happened that dur-
ing periphyton collection, some inorganic
particles adhered to the organisms were also
present in the samples. That would explain
some high results obtained for periphyton
and algae. The organic content of this kind
of samples is known to be very low and it
should be measured in the future.

CONCLUSIONS

This study is a preliminary investigation of
mercury in benthic communities of river
Idrijca and will hopefully be a contribution
to our knowledge of mercury cycling in the
biota of mercury-contaminated rivers. It has
shown that the effects of mercury reach into
every compartment of the river ecosystem.
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