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Abstract

A mapping tool to display published data on the concentration of persistent organic pollutants
and mercury in cetacean tissues, on a global scale, has been created. The purpose is to allow
researchers to quickly view, and explore visually, trends in the concentrations of commonly
monitored contaminants over time. The tool will be made available online through the IWC
website.

Introduction

An objective of Phase III of the IWC Pollution 2020 Initiative was to produce a mapping tool
which could be used to display and explore the global trends in the concentrations of
contaminants measured in various cetacean species over time. Since the persistent organic
pollutants (POPs) and heavy metals were first identified in cetacean tissues in the 1970s,
many studies have been published reporting their concentrations in various tissues. This
means there are almost four decades of data which may be used to determine how pollutant
levels are changing in various species across the ocean basins of the world. The vast majority
of the data collected relates to concentrations of the lipophilic POPs that have been measured
in blubber samples collected from dead animals, although data from levels measured in
biopsy samples from live animals are also included. In addition, recent interest by the
Commission in concentrations of mercury prompted the inclusion of data on this heavy metal
in liver samples. Whilst concentrations in muscle samples have also been monitored, the
most common tissue and therefore the one with the largest dataset, is liver samples from
stranded animals.

However, there are various caveats which need to be considered when viewing and making
inferences from these data and the significance of any trends needs to be interpreted with
some caution. Firstly, the concentrations in adult females can change with their age and
reproductive history, as a large proportion of their POP burden is offloaded to the calf during
gestation and lactation. Where individuals were in their reproductive cycle when they were
sampled will thus influence the level of POPs measured. In this mapping project we have
therefore restricted the POP data to concentrations reported in adult males only, since they
are more representative at a population level. Unfortunately, it was not possible to account
for the age of the animals which may also introduce some bias into the trends as the
concentration in males may continue to increase with age. Secondly, concentrations will vary
in relation to condition and blubber thickness as POP contaminant levels can increase in
concentration when animals are in poorer condition with lower blubber stores. Thirdly, the
analytical methods used to determine the POPs and the number of individual chemical
congeners that can be identified has changed considerably over the last forty years and this
may influence the total POP concentrations reported in the various studies across the time
series. To minimise the impact of this effect, the map only includes levels of total PCBs and
total DDTs on a lipid weight basis, rather than displaying data on a congener-specific basis.
However, the caveat still remains that earlier reported levels may be misleading due to higher



measurement error and that total levels in recent years will include additional congeners that
were not technically possible to measure in earlier years.

Following discussions at SC67B, the Commission’s interest in the impact of mercury on
cetaceans and the signing of the Minimata Convention by many countries
(http://www.mercuryconvention.org/, an agreement which seeks to reduce mercury inputs
into the environment), it was decided to include mercury concentrations in the mapping tool.
This would be a useful means of tracking how levels have changed historically and provide a
means of monitoring changes into the future. However, as with the POPs analytical method
accuracy has improved over time and published reports are not always comparable because
different tissues have been analysed (largely liver, muscle and skin) and reported on both wet
and dry weight basis. For consistency, only liver concentrations on a dry weight basis have
been included in the map.

Contaminant Data

A list of the references and sources for the contaminant data included in Version 1.1 of the
Cetacean Contaminant Mapping Tool (CCMT) are listed in Appendix 1.1 for the POPs and
Appendix 1.2 for mercury. The literature included were only those papers where either
individual level data, from which median concentrations could be calculated, were reported
or where median values were given for the adult males (for the POPs) within the sample set
analysed. For the POPs lipid weight concentrations in blubber (both in dead and live biopsy
sampled animals) were taken and for mercury dry weight in liver samples were included. For
the POPs, currently only those species for which a reasonable amount of data is available
were included, so that decadal changes could be visualised. However, following the review
of mercury for SC67B more data were collated during that activity so these have been
included in the current dataset. Data were entered consistently into an Excel spreadsheet
which was then accessed by the CCMT script code.

Cetacean Contaminant Mapping Tool

The programme R was used to code the mapping tool which then used the package Shiny to
produce a map showing the trends in the data. This produces a web-interface that can be
manipulated to some extent by the user. Various options are available to show subsets of the
data and the map can be zoomed so that users can drill down into the individual data being
displayed. A screen shot of the map is shown in Figure 1.

Each circle shows the number of datasets in the database for that region (for example, in
Figure 1 this is 13 for the Gulf of Mexico etc.). If the option to select all the data for a given
region is chosen, then the plot in the bottom right shows the median and range of the data by
each decade.
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Figure 1. Screen shot of the contaminants mapping tool showing the data for total PCBs in
bottlenose dolphins as the selected dataset to be displayed.

If the user then clicks on the circle the map zooms to that region to show where within the
area the individual records were obtained. At the lowest level the user can then see the
median concentrations and the number of datapoints for that area which were then combined
into the figure at the bottom left (Figure 2). If there is insufficient data for the script to
calculate a trend (with a geometric mean and standard deviations) for a species, region or
decade, then the plot reverts to a bubble plot showing the individual data with the size of the
points being related to the number of animals contributing to the dataset. Unfortunately, in
most cases the raw data are not published so it has not been possible to delve deeper into the
uncertainty and variability in some of the datasets.

If the user than choses a certain decade then the plot in the bottom right changes to a bubble

plot. The x axis is then the particular years within that decade for which data were available.
(for example, in Figure 3 the data for bottlenose dolphins in the Gulf of Mexico in the 2010s
is shown). If there are no data for a given year a red error message will appear.
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Figure 2. Zoom to individual dataset level. When points are clicked, the individual dataset
for that location with the median concentration and the number of individuals, are shown.
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Figure 3. Zoom to individual dataset level. Here the user has selected 2010s so the plot
shows the data for the two years for which the data were available.

The code for this tool will be made freely available through the Sea Mammal Research Unit,
University of St Andrews website and will be linked to the International Whaling
Commission webpage on pollution. The spreadsheet which stores the data can be updated as
required, and instructions on how to ensure the data are entered correctly will be made
available once the Subcommittee has decided on how this would be carried out.



Conclusion

This tool represents a unique resource for the cetacean research community to access
contaminant trend data and will also provide a useful teaching resource. It is our hope that
this endeavour will continue to be updated and used in future, beyond the life of the Pollution
2020 Initiative.
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