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One of the major concerns with persistent bioaccumulative toxic chemicals is their
potential to biomagnify, or increase in concentration, as they move up food webs. This
process can result in harmful contaminant concentrations in top level predators. The
present study examined the movement of PCBs and mercury in littoral fish communities
in several fresh water sites in Rhode Island. PCBs and mercury were selected because
they are persistent bioaccumulative toxic substances which are known to biomagnify in
aquatic and marine food webs. 

The characteristics of the sites varied greatly, and some sites received effluent from
sewage treatment plants while other sites in rural locations were relatively unimpacted
by anthropogenic activities. Fish were obtained by electrofishing at night, and the
abundance and species composition of the sites varied. White suckers (Catostomus
commersoni) were dominant in the more impacted sites while yellow perch (Perca
flavescens) were most abundant at the more rural sites. 

To examine the movement of contaminants in aquatic systems, knowledge of the
trophic structure of the food webs is required. Some studies have estimated the trophic
positions of organisms on the basis of the feeding habits of organisms, or on the
analysis of gut contents. However, the same species can feed at different levels at
different sites, and gut contents give only a short term view of what an organism has
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consumed. A more accurate approach to determining trophic positions uses differences
in the relative abundances of  two stable isotopes of nitrogen in the tissues of
organisms (Schoeninger and DeNiro 1984; Minigawa and Wada 1984; Keough et al.
1996; Vander Zanden et al. 1997).  These relationships can be established because
the heavier nitrogen isotope, 15N, is preferentially retained in protein of the consumer
which results in an average 3.4‰ (parts per thousand) increase in the concentration of
15N for each trophic step (Minigawa and Wada 1984). The 15N and 14N isotopes are
measured relative to a standard (atmospheric nitrogen) and are expressed as a
difference (δ15N).

Samples of skinless muscle were taken from individual fish, and aliquots were analyzed
for stable nitrogen isotopes and for contaminants. Stable isotopes were analyzed by  
mass spectrometry on dried tissue. Mercury analyses were done by cold vapor atomic
absorption. In fish, mercury has been found to be >95% in the methylated form (Bloom,
1992), therefore, we assumed that mercury we measured was methyl-mercury.  PCBs
were analyzed by capillary column gas chromatography with electron capture
detection. Lipids were determined by weighing part of the organic extract of tissue used
for PCB analysis. 

The results of this study showed differences in the accumulation of mercury and PCBs
in these fish communities. At a typical site, the relationship between mercury
accumulation and δ15N is best represented by a exponential function (Figure 1). Fish
lower in the food web show smaller concentrations of mercury. Points at the higher end
of the curve were mostly for upper trophic level fish (eg. largemouth bass (Micropterus
salmoides)). The relationship between mercury concentration (wet wt.) and length for
the largemouth bass  was an exponential function R2 = 0.80. Values of  R2 up to  0.94
were found for a similar exponential relationship at another site where bass were
abundant. These results agree with those of others studies that showed  an exponential
relationship between age and mercury concentration in older piscivorous fish (Monteiro
et al., 1991; Monteiro et al.,1996). 



Figure 1

Individual PCB congeners 2,2',5,5'-tetrachlorobiphenyl, 2,2',4,5,5'-pentachlorobiphenyl,
2,2',4,4',5-pentachlorobiphenyl and 2,2'4,4'5,5'-hexachlorobiphenyl were selected for
analysis because these congeners are known to bioaccumulate in fish. In addition,
bioaccumulation has been related to the log octanol water partition coefficient (log Kow)
and these congeners span a range of log Kow values from 5.84 to 6.92 (Hawker and
Connell,1988). Therefore, the range of potential for these compounds to bioaccumulate
may be regarded as high for the tetra chlorobiphenyl congener, and as very high for the
hexachlorobiphenyl congener. In littoral fish communities at four freshwater sites, the
relationships between concentrations of these individual PCB congeners and δ15N were
not significant (p<.05), and normalization of concentrations to lipids or to dry weight did
not result in significant relationships. Examination of PCB congener concentrations vs
length for largemouth bass also did not show significant relationships (p<.05). 

The close relationship between trophic position calculated from gut analyses and from
δ15N values (VanderZanden et al.,1997), has shown that δ15N is a good indicator of
trophic position. Biogmagnification of PCBs and other persistent chlorinated organic
compounds has been found in pelagic fish communities (Rasmussen et al. 1990;
Cabana and Rasmussen 1994; Kidd et al. 1995; Vander Zanden and Rasmussen 1996;
Bentzen et al. 1996). Further, the mechanism responsible for biomagnification of high
log Kow compounds has been demonstrated in laboratory studies (Gobas et al., 1993).
Since a successive increase in contaminant concentration should be found with each
transfer, our findings for PCBs appear to be unexplained.  



We speculate that the lack of relationships for PCB concentration with δ15N may have
resulted because these compounds reach an equilibrium between the various
distributional phases (water, suspended particulates, sediment, organism tissues) of
the sites. Since our sampling sites are relatively shallow the sediment water exchange
is high, and bioconcentration (direct accumulation from the aqueous phase) may be the
dominant accumulation mechanism. Our results contrast with those for deep water
pelagic systems where sediment water exchange is low, uptake from food is dominant,
and biomagnification is the principal mechanism for transfer of PCBs and other
chlorinated organics

The uptake of mercury in aquatic food webs is almost entirely from food, and mercury is
stored in muscle where exchange is limited. Therefore, for mercury, our sites are more
like pelagic systems where accumulation is governed by the successive transfer of
contaminant, and residue concentrations increase with trophic level.
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