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H I G H L I G H T S

• Significant levels of Hg in aquatic bryo-
phytes were detected.

• Atmospheric deposition from a coal
fired power plant was the probable
source.

• A spatial interpolation technique ignor-
ing the catchment borders appears suit-
able.

• Atmospheric deposition should be tak-
en into account in aquatic pollution.

• An environmental specimen bank
allowed a retrospective study.
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In this biomonitoring study, we measured the temporal variations in concentrations of mercury in samples of
aquatic bryophytes from rivers in a region that received large inputs of the metal via atmospheric deposition.
In the first year of sampling, the presence of an important source of atmospheric deposition of Hg (a lignite-
fired power plant) led, during the rainy season, to elevated concentrations of the metal in catchments situated
downwind of the prevailingwinds. High concentrations of themetal were even detected in samples from appar-
ently clean rivers in isolated mountain sites within the downwind catchments. Substitution of the type of fuel
(high quality imported carbon instead of brown coal) used in the power plant greatly reduced Hg emissions in
subsequent years. Application of spatial interpolation techniques to dense monitoring networks with aquatic
bryophytes, without taking into consideration the catchment borders, appears suitable for studying extensive at-
mospheric pollution derived from a large scale source of contamination. This study also demonstrates the impor-
tance of environmental specimen banks in retrospective studies of contamination, as they enable posterior
analysis of contaminants that for various reasons cannot be analyzed at the time of sampling.
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1. Introduction

Aquatic mosses have been used for several decades to biomonitor
metal contamination (e.g. Empain, 1973; Burton and Peterson, 1979;
Mouvet, 1985). The technique is based on the fact that mosses concen-
trate aquatic contaminants in their tissues, thus facilitating analysis of
the contaminants. Mosses have a particularly high capacity to accumu-
late Hg (Díaz et al., 2012). The technique also enables detection of spo-
radic contamination that would otherwise only be detected if water
sampling coincidedwith such events (Cesa et al., 2006). Another advan-
tage is that, by definition, these biomonitors only assimilate the bio-
available fraction of contaminants, which is difficult to determine via
chemical analysis of water samples.

Studies of contamination in rivers usually centre on catchments in
the search for possible sources of contamination. However, some con-
taminants with low volatilization temperatures, such as Hg, are readily
dispersed via the atmosphere and may then precipitate and enter wa-
terways. Spatial interpolation techniques are often appliedwhen terres-
trial mosses are used to biomonitor atmospheric contamination (e.g.
Fernández et al., 2000; Figueira et al., 2002; Nickel et al., 2014). In the
present study, we moved away from the usual catchment approach
used in river pollution studies and applied a spatial interpolation

technique that ignored the catchment borders. We believe that the
technique may be of practical use for monitoring contamination by
Hg, which is readily dispersed in the atmosphere.

2. Material and methods

Extensive sampling of aquatic bryophytes for use as biomonitors of
metal pollution in inland waters was carried out for the first time in
the study region in 1990. Samples of the mosses Fontinalis antipyretica
Hedw., Platyhypnidium riparioides (Hedw.) Dixon, Brachythecium
rivulare Schimp., Fissidens polyphyllus Wilson ex Bruch & Schimp., and
the liverwort Scapania undulata (L.) Dum were collected at 218 sam-
pling sites (SS) (Fig. 1). A total of 424 moss samples were collected, as
various species were often collected at each SS. Although the Hg con-
tents of the samples were not determined at the time, due to a lack of
appropriate equipment, the samples were stored in the Galician Envi-
ronmental Specimen Bank. Other sampling surveys were carried out
in the same area in 2001 and 2003 (for a detailed description of this
new aquatic biomonitoring network, see Vázquez et al., 2007). Briefly,
in 2001, samples of Fontinalis squamosa Hedw., F. antipyretica and
P. riparioideswere collected at 89 SS. In 2003, the networkwas extended
and sampling was concentrated on a single genus, and specimens of

Fig. 1. Location of the sampling sites.
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