Occurence in the Arctic environment
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Introduction
The present study is a review and summary of the Arctic food web bioaccumulation studies conducted in the late
1990s (Fig. 1), with a discussion of biological and chemical factors affecting the contaminant accumulation and
transfer within food webs®. The focus is on “legacy” persistent organic pollutants (POPs), especially
organochlorines (OCs), such as PCBs, chlordane (CHLOR), and DDT-related products, with updates and
examples of other compounds such as brominated flameretardants (BFR)® and perfluorinated compounds
(PFAS)®. The quantification of legacy POPs in the Arctic marine environment over the past four decades has
dramatically increased the breadth and depth of our knowledge of how this class of contaminant accumulates in
biota and is subsequently transferred within food webs.
The Arctic marine ecosystem provides
an excellent opportunity to study food
web dynamics of OCs because the
contribution of point sources to
regional contamination is relatively
minor, there is a high dependence of
lipids in arctic marine food webs and
the food webs tend to be long and
simple.
Field studies of POP bioaccumulation
in arctic marine organisms in the
1970-1980s included fish and species
occupying higher trophic levels (seals
and polar bears), but marine
invertebrates were either not included
or were included without separating
into taxonomic or functional groups.
Other studies lumped invertebrates
into selected size classes. Field studies
of OC accumulation in arctic marine
food webs have only recently begun to
investigate the importance of biology
Figure 1. Regions of Arctic marine food web bioaccumulation and ecology of lower trophic level
studies, with AMAP’s definition of Arctic®. organisms in the bioaccumulation
process. These studies either sort the
marine invertebrates to species or genus or consider samples dominated by one species (detailed references in %).
There have been a number of comprehensive studies on the distribution of OCs in arctic marine food webs in the
past decade*®. This has resulted in detailed data sets and new knowledge on chemical and biological variables
that influence the bioaccumulation and trophodynamics of OCs in marine food webs. In the later years, this has
been accompanied by studies of compounds such as BFRs, chiral compounds, and PFAS. While this summary
focuses on Arctic marine ecosystems, the information is relevant to all marine and freshwater systems.

Materials and Methods
The presentation focuses on marine food webs, especially knowledge gained from studies in the White Sea, The
Barents Sea, Northern Baffin Bay, and the Beaufort Sea (Fig. 1). The dominating species from different trophic
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positions in the food web were collected by nets and hauls (zooplankton), trawls (fish), or by shooting (birds and
mammals). The chemical analyses were performed at accredited laboratories. Please see * for references to
publications with all details.

Biomagnification is studied by quantifying the increase in contaminant concentration per trophic level (trophic
magnification factor TMF, where trophic level (TL) is determined by stable isotopes of nitrogen (8**N)*:

Log [POP, ... W|=a+bTL +e, where TMF =10 (1)
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The biotransformation ability of a species, relative to other species and among the chemicals is studied by
metabolic indices (MI)*:
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Results and Discussion
Several factors influence the POP bioaccumulation and transfer within food webs. These are both chemical
factors such as hydrophobicity and persistence, and biological factors such as and diet and trophic level, lipid
content, biotransformation ability and habitat. This is illustrated in the bioaccumulation in zooplankton and ice
fauna' (Fig. 2). Also among these invertebrates at low trophic positions in the food web, with respiratory
exchange of contaminants with water, there is an effect of diet. This is seen by higher concentration of persistent
and hydrophic OCs (PCB-153) in predacious crustaceans (solid line) compared to herbivorous (stippled line)
(Fig. 2). The more water-soluble o.-HCH, on the other hand, did not differ due to diet, and the variance seen in
the box plot is due to other sources of variability such as habitat choice and geography.

When a broader range of
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chlordane®. This different
biomagnification potential
leads to changes in the OC
pattern from low in the
food web to the highest trophic positions, and depend both on changes in exposure, and on differences in
biotransformation and elimination abilities (Fig. 3). Usually, lower trophic levels are dominated by water soluble
compounds similar to the technical mixture or to the one seen in the abiotic environment, whereas the pattern in
seabirds and seals is dominated by persistent parent compounds and metabolites.

Figure 2. Dietary influence on bioaccumulation also among invertebrates™.
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New POPs are regularly reported from
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Figure 3. Changes in HCH isomer pattern in the marine food web.

We have gained profound knowledge
from all of these studies, but there are
still several research topics to be
addressed in the near future within the
field of bioaccumulation and transfer
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1.25 to continue process and mechanism

5 100 relate_d r_esearch rather than to “repeat”
T descriptive  studier  with  new
o 075 chemicals. Further, valuable
S knowledge can be gained from using
g 0.50 old POPs as models for new ones, e.g.
€ o025 in studies on how climatic changes
will  influence the contaminant

0.00 behaviour and dynamic. Although this

presentation  has  focussed on
accumulation and transfer within food
webs, another important question is
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food web, in the uptake of
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Figure 4. Metabolic index: biotransformation of chlorinated pesticides in seabirds, in relation to PCB-153 (=1),
and corrected for pattern exposure from prey.
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