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The Arctic Monitoring and Assessment Programme (AMAP) was established in June 1991 by the eight Arctic countries
(Canada, Denmark, Finland, Iceland, Norway, Russia, Sweden and the United States) to implement parts of the Arctic
Environmental Protection Strategy (AEPS). AMAP is now one of six working groups of the Arctic Council, members of
which include the eight Arctic countries, the six Arctic Council Permanent Participants (indigenous peoples’ organizations),
together with observing countries and organizations.

AMAP’s objective is to provide ‘reliable and sufficient information on the status of, and threats to, the Arctic environment, and
to provide scientific advice on actions to be taken in order to support Arctic governments in their efforts to take remedial and
preventive actions to reduce adverse effects of contaminants and climate change.

AMAP produces, at regular intervals, assessment reports that address a range of Arctic pollution and climate change issues,
including effects on health of Arctic human populations. These are presented to Arctic Council Ministers in‘State of the Arctic
Environment’reports that form a basis for necessary steps to be taken to protect the Arctic and its inhabitants.

AMAP technical reports are intended to communicate the results of scientific work that contributes to the AMAP assessment
process. This report has been subject to a formal and comprehensive peer review process. The results and any views expressed
in this series are the responsibility of those scientists and experts engaged in the preparation of the reports and have not been
approved by either the AMAP working group or the Arctic Council.

AMAP gratefully acknowledges the financial support for this work provided by Norway and the Nordic Council of Ministers, and
the contributions of experts from Norway, the United States, Canada, Denmark, Finland and Russia to this work.

The AMAP Secretariat is located in Oslo, Norway. For further information regarding AMAP or ordering of reports, please contact
the AMAP Secretariat (Gaustadalléen 21, N-0349 Oslo, Norway) or visit the AMAP website at www.amap.no.
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l. AMAP Update Report: Trends in
Stockholm Convention Persistent

Organic Pollutants (POPs) in Arctic
Air, Human media and Biota

This report summarises results of POPs (temporal) trend
monitoring studies conducted under the auspices of the Arctic
Monitoring and Assessment Programme (AMAP) that are
relevant to the Stockholm Convention.

Arctic Council Ministers have requested AMAP to present data
products and collaborate with relevant Stockholm Convention
groups in preparation for the Stockholm Convention’s Second
Global Monitoring Plan (GMP) report due in 2015.

This report is therefore prepared as an AMAP contribution
to the Stockholm Convention (SC) GMP2 and the related
effectiveness and sufficiency (Article 16) evaluation work to
be performed by the SC-WEOG (Western Europe and Other)
regional organization group.

The report presents the results of statistical analyses of a large
number of time-series data sets concerning POPs that are included
under the Stockholm Convention in Arctic air (a GMP core media)
and biota samples. A separate AMAP contribution covering
Arctic human bio-monitoring data is also annexed to this report.

The Arctic monitoring network is important to the work to
evaluate the effectiveness and sufficiency of the Stockholm
Convention since much of the Arctic is remote from the
main industrial and agricultural areas where POPs are used
and released to the environment. The Arctic region therefore
includes both background monitoring sites, where contaminant
levels can be expected to reflect long-range transport from
global sources, and some sites where local sources have been
identified and characterised.

This report focusses mainly on temporal trend monitoring results
at background locations, to allow the temporal development in
POPs levels prior to and after their inclusion in the Stockholm
Convention to be followed.



Trends in Stockholm Convention Persistent Organic Pollutants (POPs) in Arctic Air, Human media and Biota

Il. The AMAP Trends and Effects

Monitoring Programme

Author: Simon Wilson (Arctic Monitoring and Assessment
Programme Secretariat, Oslo, Norway)

The AMAP Trends and Effects Monitoring Programme
(ATEMP) is a harmonized programme for monitoring
the trends and effects of contaminants and climate change
across the circumArctic region. The AMAP programme is
based largely on ongoing national monitoring and research
activities that comprise AMAP national implementation plans
(NIPs) of the eight Arctic countries. AMAP coordinates
these activities and works to ensure harmonization, and to
promote quality assurance activities, and compiles results
for use in circumArctic assessment activities. AMAP work is
therefore well coordinated with activities under, for example,
the Canadian Northern Contaminants Program (NCP), which
forms the core of Canada’s AMAP national implementation
plan. The AMAP programme is also coordinated with other
international programs such as the UN-ECE’s European

Monitoring and Evaluation Programme (EMEP) and the
Oslo and Paris Commissions Joint Assessment and Monitoring
Programme (JAMP).

The AMAP Trends and Effects Monitoring Programme includes
sub-programmes concerned with monitoring of atmospheric,
marine, terrestrial and freshwater media, and human tissues (in
connection with monitoring effects of contaminants on human
health). Air and human (blood/breast milk) are considered core
monitoring media under the GMP. In addition, ATEMP includes
a number of sites where long-term trends of contaminants are
studied in other media, in particular marine biota. Results from
these media can be used under the GMP to supplement the
results from the core monitoring media.

AMAP time series datasets relevant to the SC work are
represented on Figure 1.1.

Future monitoring challenges

AMAP continues to face challenges to maintain the long-
term monitoring that is essential for establishing temporal
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Figure 1.1. AMAP temporal trend monitoring sites for air and biota.
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trends, and to fill gaps in the circumArctic coverage. The
emergence of new contaminants in the Arctic is placing
additional pressures on monitoring programmes to provide
information about an ever increasing suite of POPs. Some
trend monitoring programmes are reducing the frequency
of sampling and/or analysis to reduce costs; in some cases
this is to allow additional (new) contaminants to be added
to the programme.

Reduction in sampling frequency can have serious negative
impacts on the power of monitoring programmes to detect
(temporal) trends. A possible compromise involves maintaining
sampling frequency but reducing the frequency of analysis
for contaminants that have exhibited declining trends and
perhaps reached levels around detection limits. The resulting
archived samples or sample extracts also provide a potential
for reanalysis, including (re)analysis for newly emerging
contaminants. Sample banks and other such archives are
therefore likely to be increasingly important to future temporal
trend studies, especially for emerging contaminants.

AMAP Acrctic air monitoring

The AMAP air monitoring network includes 4 stations where
POPs monitoring has been conducted using hi-vol air samplers
for periods of up to 20 years: Alert, on Ellesmere Island, Canada
(an NCP station); Storh6fdi on Iceland; the Zeppelin station at
Ny-Alesund on Svalbard; and the Pallas station in Arctic Finland.
The Storhofdi, Zeppelin and Pallas stations also contribute to the
EMEP network. POPs monitoring has also been performed at
station Nord on Greenland since 2009. Other POPs air monitoring
sites (including Dunai Island, Valkarkai and Tiksi in Arctic
Russia, and Tagish/Little Fox Lake in the Yukon, Canada) have
been operated in past years, but lack long-term continuity of
monitoring necessary for development of long time-series
datasets. Work is currently underway to (re-)establish POPs
monitoring at the Tiksi and Amderma stations in Russia. Short-
term air monitoring results from Little Fox Lake (August 2007
- 2009), and Valkarkai (2008 - 2009) are summarised in this
report. AMAP air monitoring data are compiled in the AMAP
atmospheric thematic data centre (TDC) at the Norwegian
Institute for Air Research (NILU) in Norway, and are accessible
online from the EBAS database (http://ebas.nilu.no). Data were
extracted from the EBAS database for statistical analysis in the
current study (see section: III. AMAP POPs air monitoring
trend results).

POPs monitoring in biota

For the purposes of this report, AMAP biota monitoring datasets
were selected that included data for the SC POPs and comprised at
least 6 years of data. For ‘legacy’ POPs, an additional requirement
was that the series include data from both before and after 2000. The
average length of the time-series considered is around 12 years; the
longest available time-series has 22 years of data; some series include
samples collected as early as 1975. Previous AMAP temporal trend
assessments (e.g., Rigét et al., 2010) have included both terrestrial
and marine species. The current work included only marine species
as no new data were available for the terrestrial components.
Icelandic and Norwegian datasets include data reported to AMAP/
OSPAR and archived at the AMAP marine TDC at the International
Council for the Exploration of the Sea (ICES) in Denmark. Other
AMAP data were collected from lead scientists responsible for
relevant temporal trend monitoring studies in Canada, Denmark/
Greenland/Faroe Islands, and the USA. The datasets/statistical
analyses results presented in this report are a subset of the temporal
trend data assessment that is being conducted for an updated
AMAP Assessment of POPs in the Arctic that will be delivered in
2015. That assessment report will contain the publicly accessible
data for time-series not yet available in AMAP TDC:s (see section:
V. AMAP POPs biota monitoring trend results).

QA/QC considerations

AMAP laboratories responsible for the POPs analyses included in
this report participate in a number of relevant laboratory QA/QC
programmes, including the AMAP/NCP Inter-laboratory studies
(e.g., Tkatcheva et al., 2013); AMAP/EMEP/NCP air monitoring
inter-laboratory study (Schlabach etal., 2011), the QUASIMEME
laboratory performance testing scheme (www.quasimeme.org), the
AMAP Human health monitoring laboratory inter-comparison
programme, and equivalent QA/QC programs run by NOAA/NIST.
In addition, AMAP guidelines include sampling and sampling
handling protocols equivalent to those recommended under the
GMP (e.g. protocols for human blood sampling (AMAP, 2009)).

Statistical analyses methods

Air time-series were analysed using the digital-filtration statistical
method (Hung et al., 2005). POPs time-series datasets for biota
samples were analysed using a robust regression approach
(Nicholson et al., 1998) testing for both linear and non-linear trend
components, utilising the PIA computer application developed by
Anders Bignert and co-workers (Bignert, 2013).
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l1l. AMAP POPs air monitoring

trend results

Authors: Hayley Hung?, Athanasios A. Katsoyiannis?,
Deguo Kong*

Data Contributors: Wenche Aas and Knut Breivik (Norwegian
Institute for Air Research, Norway), Eva Brorstrom-Lunden (Swedish
Environmental Research Institute, Sweden), Kristin Olafsdottir
(University of Iceland, Iceland), Hannele Hakola and Sirkka
Leppanen (Finnish Meteorological Institute, Finland), Rossana Bossi
(University of Aarhus, Denmark), Henrik Skov (University of Aarhus,
Denmark), Hayley Hung (Environment Canada, Canada), Alexey
Konoplev and Evgenia Volkova (SPA "Typhoon", Obninsk, Russia)

Background

The most rapid route of transport for POPs to the Arctic is
via the atmosphere. Ambient air has a short response time
to changes in atmospheric emissions and is a relatively well-
mixed environmental compartment. It is also a global transport
medium and an entry point into food webs via POP deposition
and air-surface exchange. Therefore, air is one of the two core
media under the Global Monitoring Plan (GMP) for evaluating
the effectiveness of the UNEP Stockholm Convention on POPs
(as stipulated under Article 16). Temporal and spatial trend
assessments of Arctic atmospheric pollutants are key components
under the AMAP Trends and Effects Monitoring Programme.
Continuous air monitoring is conducted at AMAP stations
to establish long-term trends which can be used to assess
effectiveness of national and international control strategies, to
assess long-range transport of POPs to the Arctic and to identify
new priority chemicals which may be of concern in the region.

Datasets and statistical analyses

Figure 1.1 shows the 4 AMAP air monitoring stations where long-
time series of POPs in air are available for trend development
(Alert, Ellesmere Island, Canada; Storhofdi, Iceland; Zeppelin,
Svalbard; Pallas, Finland). The station Nord on Greenland also
has multi-year time-series but for a shorter period. To develop
long-term temporal trends, the Digital Filtration (DF) Technique
was used. DF is a statistical fitting technique which extracts
seasonal cycles and inter-annual trends from time series. This
technique has been applied to derive long-term trends of POPs
monitored under the AMAP network (Hung et al., 2005, 2010).
Detailed description of this technique can be found in Hung
et al. (2005). In brief, an approximate long-term trend and an
average seasonal cycle were determined by fitting a smoothing
Reinsch-type cubic spline and Fourier components to the data,
respectively, in an iterative manner until the fitted spline function
becomes almost unchangeable. Outlier data points that were

2 Air Quality Processes Research Section, Environment Canada, Canada
3 Norwegian Institute for Air Research (NILU), Norway

“4Stockholm University, Sweden

more than 3 standard errors away from the fitted curve were
successively rejected after each iterative fit. The percentage of
data points rejected during this process is data set dependent.
Long- and short-term variations of the trend and the seasonal
cycle were then extracted using two Butterworth digital filters
with two cut-off periods: a short-term cut-off period, set to 4
months, and a long-term cut-off period, set to 48 months. The
variabilities longer than 4-months and shorter than 48-months
were extracted to obtain the overall seasonal cycle, and the
variabilities longer than 48 months were extracted to obtain the
final long-term trend. The cut-off periods, which produced the
“best fit” to the specific data set, were chosen by trial-and-error
based on visual inspection of the fitted seasonal cycle.

A decline in air concentrations over time is often quanti-
fied by an apparent first order half-life, ¢,,, which is esti-
mated by dividing In 2 with the negative value of the linear
regression slope of the trend line between the natural log
of air concentrations, C (pg/m’), and time (year). Note that
many POPs do not necessarily decline linearly or consis-
tently in the first order manner throughout the monitoring
periods of the 4 long-term stations. The half-lives presen-
ted here are only used to compare the relative rates of de-
cline between the 4 stations. Readers are advised to use the
absolute values of these half-lives with caution. The half-
lives are summarized in Table 2.1.

Summary of results

Long-term time trends and seasonal
variability

Time trends and seasonal cycles derived for each POP measured
at Alert, Zeppelin, Storh6f0i and Pallas, which have similar time
span, are shown in Figures between 2.1-2.22. Air monitoring
at Station Nord provides time series for 2009 to 2012 and are
summarized in seperate figures (Figures 2.3, 2.4, 2.10 and 2.12).
Different station analyses for different compound groups. Time
trends and seasonal cycles are only shown for datasets that are
available at any specific station. For any one chemical, the x-axis
shows the year of monitoring and these are aligned for all stations.
The y-axis represents the natural log of air concentrations in pg/m?,
In C, and all panels for any one compound are given in the same
scale to facilitate inter-station comparison. Data points marked
in red fall outside the indicated concentration range.

Aldrin, endrin and dieldrin

Air concentrations of aldrin and endrin measured at Alert did
not show any consistent trends (Figure 2.1), with aldrin being
mostly non-detectable after 2008. Alert (Canada) and Stérhofoi
(Iceland) reported time trends of dieldrin (Figure 2.2) since
1993 and 1995, respectively, and these also show no discernible
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Table 2.1 Apparent first order halflives (t,,,, y) for the 4 long-term air monitoring stations under AMAP. Negative values indicate increasing trends.

Station Time period a-HCH y-HCH p,p’-DDT  p,p’-DDE p,p’-DDD o,p’-DDT o,p’-DDE o,p’-DDD
t, r t, r t, r t, r t, rr t, rr t, rr t, r
Alert 1993-2011 48 097 42 098 - - - - - - - - - - - -
Pallas 1996-2011 57 09 42 098 10 0.67 43 0.22 - - - - - - - -
Stérhofdi 1995-2011 56 093 7.7 075 48 045 89 047 51 067 - - - - - -
Zeppelin  1993-2012 49 099 41 09 50 092 80 074 88 063 85 083 60 069 83 0.85
cis- trans- cis- trans- heptachlor
Station Timeperiod chlordane chlordane nonachlor nonachlor dieldrin HCB a-endosulfan  epoxide
t, r? t, rro t, r t r t, r t, rr t, r t, r
Alert 1993-2011 17 0.59 11 0.60 17 031 19 0.38 12 072 25 0.69 37 0.21 22 047
Pallas 1996-2011 12 0.70 9.7 0.78 - - 13 0.65 - - - - - - - -
Storhofdi 1995-2011 12 0.64 59 0.60 - - - - 28 023 20 0.27 - - - -
Zeppelin  1993-2012 14 095 93 098 99 085 17 0.84 - - - - - - - -
PCB congeners
Station Time period 28 52 101 118 138 153 180
t, r t r? t. r? t,, r? t,, r? t,, r? t,, r?
Alert 1993-2001 7.1 076 46 081 6.9 0.77 83 0.28 20 0.7 83 032 36 084
Alert 2003-2011 -31 017 17 0.39 42 043 42 0.067 -13  0.26 -51 0.023 -23 0.046
Pallas 1996-2011 18 0.51 38 037 17 065 11 0.73 89 0.68 9.8 0.71 51 0.76
Storhoféi 1995-2011 20 0.28 -1 022 -6.1  0.62 - - 12 0.25 19 0.15 84 035
Zeppelin  1998-2012 8.2 0.68 44 0.71 11 090 6.1 0.91 5.1 0.60 6.2 0.84 44 081
PBDE congeners HBCDs
Station Time period 47 29 100 138 a-HBCD B-HBCD  y-HBCD IHBCD
t, r t, © t, r t, r ¢, r t, r t, rr t, P
Alert 2002-2011 - - 38 013 -36 0.12 - - - - - - - - - -
Pallas 2003-2011 45 070 27 095 43 083 - - - - - - - - - -
Zeppelin  mid-2006-2012 26 098 26 092 41 097 - - 29 069 - - 16 087 24 0.76
PFASs
Station Time period 6:2FTOH? 8:2FTOH 10:2FTOH MeFOSE EtFOSE
t r? t r? t,, r t, r t,, r
Alert 2007-2012 -40 099 -23 098 -23 0.78 - - 1.3 089

20nly 1 detectable sample in 2007. Regression performed between 2008 and 2012 Jan.
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Figure 2.1. Time trends and seasonal cycles of aldrin and endrin at Alert.
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Figure 2.3. Seasonal cycles of dieldrin at station Nord.

increase or decrease in trends. Air concentrations tend to be lower
in the colder months and higher in the warmer months. Slight
decreases in the warmest months were observed for dieldrin in all
years at Alert which may be related to greater photodegradation
during Arctic summer under 24 hour sunlight. Station Nord on
Greenland also reported relatively low concentrations of dieldrin
in air (Figure 2.3) with statistically significant correlation with
temperature (Bossi, Skjothb and Skovac, 2013). Dieldrin in air
probably results from re-emission from historical sources and
the use of aldrin, which can be converted to dieldrin in the
environment. This indicates that dieldrin in air has probably
reached some sort of equilibrium with other environmental media
as it has been banned under various national and international
initiatives worldwide for more than 30 years.

Chlordanes and nonachlors

Declining trends of trans- and cis-chlordane were observed at
most sites (Figure 2.5), with t,, ranging from about 12-16 y for
cis-chlordane and 6-11 y for trans-chlordane (Table 2.1). Trans-
and cis-nonachlor declines at t,,, of 17 and 10y, respectively, at
Zeppelin and 19 and 17 y, respectively, at Alert. Similar to the
drins, slow declines in air with t,,, mostly longer than 10 years
for all chlordane- and nonachlor-related isomers reflects the
fact that chlordane has been banned in western industrialized
countries since the 1980s and time trends seems to indicate a
tendency towards equilibrium with other media.

In terms of seasonality, trans-chlordane measured in the
Arctic generally showed higher winter time concentrations.
This seasonality is especially apparent at Zeppelin. Since trans-
chlordane is less stable than cis-chlordane, this seasonality may
result from enhanced photodegradation during the Arctic summer
when there is 24-hour daylight. No consistent seasonality was
observed for cis-chlordane in Arctic air, except at Alert where
concentrations are slightly higher in the spring and fall.

Measurements of cis-chlordane and cis-nonachlor at station
Nord are shown in Figure 2.4.

N
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] W‘MWV\’\

T
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InC
N}
h
g

2008 2009 2010 2011 2012

e Seasonal Cycle x Measured

Figure 2.4. Seasonal cycles of cis-chlordane and cis-nonachlor at station
Nord.
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Figure 2.5. Time trends and seasonal cycles of trans- and cis-chlordane; and trans- and cis-nonachlor.



Trends in Stockholm Convention Persistent Organic Pollutants (POPs) in Arctic Air, Human media and Biota

DDTs

Among the 4 Arctic sites with long time-series, Zeppelin
is the only station where all DDT isomers show consistent
declining trends (Table 2.1; Figures 2.6 and 2.7). For p,p’- and
o,p-DDT, t,,, were found to be 5 y and 8.5 y, respectively, at
this site. Declines were also observable at Storh6fdi from the
late 1990s to early 2000s for p,p’-DDT, DDE and DDD and at
Pallas from 1999 to 2011 for p,p’-DDT. Air concentrations at
other Arctic sites seem to have reached steady state and no
discernible decreasing trends can be found.

Air concentration maxima for all DDT isomers at the Arctic
site of Zeppelin and p,p-DDE at Alert and Pallas generally
occurred in the winter. It has been reported that DDT-related

InC
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37 Storhofdi

InC
o
!
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2000
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2002
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2004
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2006
2007
2008
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2010
2011
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= Seasonal Cycle e Trend X Measured

compounds tend to associate with particles which show
greater input in the winter to the Arctic due to the Arctic
Haze season. Also, higher precipitation rates in summer
may result in their lower summertime concentrations due
to enhanced scavenging along the transport pathway to the
Arctic. On the other hand, Bossi et al. (2013) reported that
higher p,p~DDT concentrations were observed in the summer
at Station Nord in Greenland, showing significant correlation
with temperature and negative correlation with ice cover.
However, temperature can only account for about 27% of DDT
variability in air, meaning that long-range transport (LRT)
sources cannot be excluded. p,p-DDE concentrations were
not correlated with temperature, indicating a predominance
of LRT rather than re-emission.
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Figure 2.6. Time trends and seasonal cycles of 0,p>DDT, DDE and DDD.
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Heptachlor and heptachlor epoxide

Heptachlor and heptachlor epoxide in air were reported for the
Canadian Arctic station of Alert (Figure 2.8). While heptachlor
showed no discernible trend, heptachlor epoxide showed a very
slow declining trend (t,,=22 y) at Alert. It is known that heptachlor
degrades readily to heptachlor epoxide once it is released to the
environment. Thus, the air concentrations of heptachlor measured
at Alert were generally lower than those of heptachlor epoxide
and appear to be more sporadic. Higher air concentrations of
heptachlor epoxide were observed at Alert during the warm
period with a slight dip in concentration in the midst of summer
which may be related to greater photodegradation and enhanced
scavenging during this time.
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Figure 2.8. Time trends and seasonal cycles of heptachlor and
heptachlor epoxide.

Hexachlorobenzene (HCB)

HCB in air was reported at 3 Arctic stations showing increasing
trends at Zeppelin and Storh6foi in the last decade and very slow
decline (t,,>20y) at Alert (Figure 2.9). The air concentrations of
HCB measured at Zeppelin were highest during the 1990s, but
Alert and Zeppelin showed similar concentrations after 2000.
Note that HCB has a tendency to breakthrough in air samples
collected using polyurethane foam plugs (PUFs), for instance at
the Alert site HCB broke through in about 30% of all samples;
thus air concentrations may be underestimated. Among the
Arctic sites, the lowest HCB air concentrations were found at
Storhofdi in Iceland. Slow decline reflects the fact that HCB has
been banned for 30-40 years in North America and Europe.

At Station Nord in Greenland, where samples should not be
affected by breakthrough as measurements were conducted with
PUF-XAD sandwich to capture the gas phase, Bossi et al. (2013)
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found that there was a lack in seasonal variations in HCB air
concentrations between 2008 and 2010 with a weak correlation
with temperature, and no correlation with ice cover. These
observations (Figure 2.10) suggest that HCB concentrations
were not substantially influenced by re-emission, and may
still be controlled by primary sources (e.g. by-products of
chlorinated chemicals and incomplete combustion processes).
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Figure 2.9. Time trends and seasonal cycles of hexachlorobenzene.
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Figure 2.10. Seasonal cycles of HCB at station Nord.
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Figure 2.11. Time trends and seasonal cycles of a- and y-HCH.

Hexachlorocyclohexane (HCH)

In the Arctic, a- and y-HCH were found to be declining in air
at all long-term monitoring stations. The half-lives of a-HCH
range from 4.8 to 5.7 y; and those of y-HCH were found to
be about 4 y for all sites, except at Storhofdi where it was 7.7 .
While the usage of technical HCH has declined significantly
since the 1980s, lindane (~99% pure y-HCH) continued to be
used in Canada until 2004 and in the US until 2009. It is notable
that the atmospheric decline rates of lindane have accelerated in
the Arctic (Figure 2.11) after its use has been restricted in North
America (Hung et al., 2010).

At Station Nord in Greenland (Figure 2.12), y-HCH measured
in air (2008-2010) did not show significant correlation with
temperature, implying direct atmospheric transport from sources
(Bossi et al., 2013).
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Technical endosulfan and its related
isomers

The air concentrations of o.-endosulfan measured at Alert
(1992-2011) and Pallas (2009-2011) showed non-changing or
slightly declining (t,,=37 y at Alert) time trend (Figure 2.13),
while B-endosulfan (not shown) was found to be mostly below
detection limit and no time trend or consistent seasonality was
observed. At Station Nord, a-endosulfan measured between
2008 and 2010 did not correlate with temperature indicating
transport from direct sources (Bossi et al., 2013).
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Figure 2.13. Time trends and seasonal cycles of a-endosulfan.
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Polychlorinated biphenyls (PCBs)

PCBs in Arctic air tend to be generally declining in trends at all
monitoring stations since the 1990’s (Figures 2.14-2.17). At Alert,
alaboratory change occurred in 2002 and during the first year of
this change, the atmospheric PCB data were apparently affected
by certain cleanup artifact resulting in low detections of most
congeners (Hung et al., 2013). The cleanup and fractionation
procedures have then been modified as described in Section 2.3
of Suetal. (2011) to correct for this artefact. Therefore, PCB air
concentration data reported for 2002 are not included in this
analysis. After 2002, this problem did not persist and the long
term trends were reasonably maintained.

At all sites, the decline seems to have slowed down in recent
years as the concentrations become much lower resulting in
longer half-lives (Table 2.2). Negative t,, for PCB 52 and 101 at
Stérhofdi indicates steadily increasing trends, especially after
2000 (Figures 2.14, 2.15). Since St6rhofdi is a coastal site and is
in close proximity to Icelandic ice caps, e.g. the Myrdalsjokull
and Eyjafjallajokull ice caps, sea ice retreat around Iceland and
de-glaciation of ice caps in a warming Arctic may result in re-
emission of previously deposited PCBs from oceans and ice,
rendering increasing concentrations of relatively lighter PCBs
such as PCB 52 and 101.
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Figure 2.15. Time trends and seasonal cycles of PCB 101 and 118.

Figure 2.14. Time trends and seasonal cycles of PCB 28 and 52.
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Polybrominated diphenyl ethers (PBDEs)

PBDEs were measured in air at Alert, Pallas and Zeppelin (Figure
2.18). BDE 47 and 99 were dominating congeners in Arctic air,
reflecting influence from the penta-technical mixture. Most BDE
congeners remain more or less unchanged in air concentrations
at Alert with apparent summer maxima corresponding to
increased volatilization during warmer times. Contrarily, the
air concentrations at Pallas and Zeppelin showed significant
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declining trends with half-lives of 2.6-4.5y for BDE 47, 99 and
BDE 100. Also, the air concentrations at Pallas and Zeppelin
were generally much lower than those observed at Alert. Air
concentrations at Alert were probably more strongly influenced
by the nearby military base, which contains articles that were
treated with PBDEs, and the generally much higher usage of
these compounds in North America as compared to the rest
of the world.
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Figure 2.18. Time trends and seasonal cycles of PBDE 47, 99, 100 and 138.
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Perfluorooctane sulfonic acid (PFOS), its
salts and perfluorooctane sulfonyl fluoride
(POSF)

PFOS and perfluorooctanoic acid (PFOA) in airborne particles
were measured at Zeppelin from mid-2006 to 2012. The particle
phase concentrations for both compounds seem to remain
constant throughout the monitoring period and no consistent
seasonality was observed (Figure 2.19). At Alert, neutral per-
and polyfluoroalkyl substances (PFASs) were monitored in air
(gas+particle) from August 2006 to 2012 (Figure 2.20). The 8:2
fluorotelomer alcohol (FTOH) was the most dominant compound
detected in all air samples collected at Alert. This is consistent
with previous cruise-based measurements performed across the
North Atlantic and Canadian Archipelago in 2005 (Shoeib et
al., 2006), in the Atlantic Ocean/ Southern Ocean/ Baltic Sea in
2007 and 2008 (Dreyer et al., 2009); as well as globally under the
GAPS study at land-based stations (Gawor et al., 2014). Piekarz
et al. (2007) calculated the estimated atmospheric residence
times for 6:2, 8:2 and 10:2 FTOH which were 50, 80 and 70 d.
The relative order of these residence times coincides with their
observed atmospheric concentrations which may explain the
relative enhancement of 8:2FTOH in ambient air. Spring maxima
were observed at Alert, particularly for methyl perfluorooctane
sulfonamido ethanol (MeFOSE), which may be associated with
the increase in particulate input during the Arctic Haze. Summer
maxima were also apparent for FTOH and MeFOSE which may
be related to volatilization due to higher temperatures. PFOS
precursors MeFOSE and EtFOSE showed non-changing and
declining trends (t,,=1.3 y), respectively (Figure 2.20); reflecting
the voluntary phase-out of the production of PFOS, PFOA, and
PFOS-related products by their largest producer 3M in 2000. In
contrast, PFCA precursors 6:2, 8:2 and 10:2 FTOHs, which were
not regulated at the time of measurement, showed increasing
tendencies in air at Alert with doubling times of 2.3 to 3.3 y.
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Figure 2.19. Time trends of PFOS and PFOA (particle phase only)
measured in air in Zeppelin.
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in air at Alert.
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Hexabromocyclododecane (HBCD)

Air concentrations of a-, B-, y-HBCD were measured at the
Arctic station of Zeppelin (Figure 2.21) showing declining
trends for a- and y-HBCD with t;, of 2.9 and 1.5 y, respectively.
Total HBCD air concentrations were reported at Alert (2002-
2011) (Figure 2.22) but the concentrations were found to be
mostly non-detectable and no trend can be derived.

InC
1

InC

2006
2007
2008
2011
2012

e Seasonal Cycle % Measured

Figure 2.21. Air concentrations of a- and B-HBCD measured in air
at Zeppelin.
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Figure 2.22. Air concentrations of total HBCD at Alert and Zeppelin.

Satellite station measurements

Air measurements of POPs were also conducted at two satellite
stations during this reporting period. These sites include the
Little Fox Lake station in the Yukon and Valkarkai in Russia.
Annual mean, median, standard deviation and range of total
air concentrations determined at these two sites are given in
Tables 2.2 and 2.3.

17

Summary of results

o Most POPs that have been banned for extended period of
time (>20-30 years) in developed countries, e.g. DDTs, the
drins, PCBs and chlordanes, are now showing slower rates
of decline in Arctic air, indicating that they are approach-
ing steady state with other environmental media and sec-
ondary sources now dominate.

HCB and PCBs are showing increasing trends in Arctic
air at specific locations which may be related to revolatil-
ization from the open ocean due to significant ice retreat
or melting glaciers in recent years as a result of warming.

PBDEs are significantly declining in air at Pallas and Zep-
pelin. However, no decline was observed at Alert which
may be related to influence from nearby military site and
generally much higher usage in North America.

PFOS precursors MeFOSE and EtFOSE showed non-chang-
ing and declining trends, respectively; reflecting the vol-
untary phase-out of the production of PFOS, PFOA, and
PFOS-related products. However, particle phase PFOS and
PFOA are not showing any decline in Arctic air at Zeppelin.

« New POP, HBCD, is showing declining trend in Zeppelin air.
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Table 2.2 Arithmetic mean (median, standard deviation; range, n) of total air concentrations (GFF + PUF) in pg/m® at Little Fox Lake.

2007 (mid-August - December)

2008

2009 (January - mid-October)

Little Fox Lake, Canada

Aldrin
cis-Chlordane
trans-Chlordane
Oxychlordane
cis-Nonachlor
trans-Nonachlor
Dieldrin

Endrin
Hexachlorobenzene*
Heptachlor
Heptachlor Epoxide
Methoxychlor
a-HCH

B-HCH

y-HCH

Mirex
a-endosulfan
-endosulfan
p,p-DDD
p,p-DDE
p,p-DDT
o,p-DDD
o,p-DDE
o.p-DDT

PBDE 47

PBDE 49

PBDE 66

PBDE 85

PBDE 99

PBDE 100

PBDE 153

PBDE 154

PBDE 183

0.12(0.12,0.012;0.11-0.15, 18)
0.20(0.20,0.11; 0.054-0.46, 18)
0.12(0.10,0.053; 0.057-0.21, 18)
0.10 (0.090, 0.028; 0.078-0.18, 18)

0.031 (0.030, 0.003; 0.026-0.038, 18)
0.20(0.18,0.069; 0.13-0.37, 18)
0.19(0.18, 0.098; 0.061-0.40, 18)
0.11(0.11,0.011; 0.095-0.14, 18)

26 (28,8.1;9.3-37,18)
0.17(0.16,0.016; 0.14-0.21, 18)
0.31(0.26,0.17; 0.12-0.62, 18)

1.6 (1.6,0.16; 1.4-2.0, 18)

5.2(5.0,4.0; 0.88-14, 18)

0.069 (0.068, 0.007; 0.059-0.085, 18)
0.58 (0.59, 0.37; 0.099-1.2, 18)
0.29 (0.28, 0.028; 0.24-0.35, 18)

2.0(2.1,1.3;0.23-4.1,18)
0.18(0.17,0.022; 0.15-0.23, 18)
0.46 (0.45, 0.044; 0.39-0.56, 18)
0.61(0.60, 0.16; 0.41-0.96, 18)
0.29(0.26, 0.10; 0.23-0.69, 18)
0.12(0.12,0.011;0.10-0.15, 18)
0.12(0.12,0.027; 0.060-0.16, 18)
0.19(0.17,0.060; 0.13-0.34, 18)

5.9(1.9,10; 0.72-42,18)
0.26(0.11,0.33;0.11-1.5, 18)
0.14 (0.063, 0.16; 0.054-0.71, 18)
0.20(0.12,0.18;0.10-0.83, 18)

3.8(2.0,5.4;0.69-23, 18)

1.2(0.45,2.1;0.15-8.7, 18)

0.21 (0.15, 0.16; 0.054-0.64, 18)
0.19(0.13,0.18; 0.056-0.78, 18)
0.063 (0.061, 0.026; 0.042-0.15, 18)

0.15(0.12,0.11; 0.058-0.83, 49)
0.26 (0.13, 0.25; 0.058-0.93, 49)
(

0.11 (0.069, 0.097; 0.031-0.52, 49)

0.17 (0.095, 0.14; 0.060-0.57, 49)

0.031 (0.030, 0.006; 0.014-0.054, 49)

0.19(0.15, 0.16; 0.040-0.68, 49)
0.22 (0.24, 0.13; 0.049-0.50, 49)
0.17 (0.11,0.21; 0.052-1.4, 49)
8(25,12;2.5-51,49)
0.17,0.030; 0.078-0.29, 49)
0.23,0.63; 0.034-3.7, 49)
1.6,1.7;0.75-13, 49)
9.4, 6.4;0.042-22, 49)

0.17 (
0.39(
9(
A
0.50(0.070, 0.99; 0.032-4.1, 49)
0.79(0.33, 1.3; 0.028-6.9, 49)
0.29 (0.29, 0.052; 0.13-0.49, 49)
.8(0.60, 2.2;0.021-10, 49)
0.18(0.18, 0.030; 0.12-0.31, 49)
0.49 (0.45, 0.20; 0.21-1.8, 49)
0.45 (0.45, 0.14; 0.24-0.78, 49)
0.27 (0.26, 0.053; 0.12-0.46, 49)
0.12(0.12, 0.023; 0.055-0.20, 49)

0.088 (0.061, 0.049; 0.027-0.27, 49)

0.22 (0.16, 0.11; 0.14-0.60, 49)
1.9(1.5,1.5;0.16-6.7, 49)
0.16 (0.11,0.11; 0.052-0.56, 49)

0.079 (0.058, 0.043; 0.026-0.22, 49)

0.16 (0.12, 0.066; 0.057-0.41, 49)
2.0(1.5,1.7;0.14-7.2, 49)

0.44 (0.32,0.38;0.057-1.8, 49)

0.15(0.13, 0.094; 0.050-0.42, 49)

0.14(0.10, 0.10; 0.035-0.52, 49)

0.070 (0.049, 0.11; 0.028-0.80, 49)

0.14(0.12,0.061; 0.10-0.43, 29)
0.23(0.21,0.17;0.053-0.57, 29)
0.11 (0.070, 0.080; 0.057-0.35, 29)
0.16 (0.12,0.10; 0.077-0.44, 29)

0.072(0.031, 0.079; 0.026-0.36, 29)

.11 (0.043,0.11; 0.036-0.42, 29)

0.13, 0.12; 0.060-0.39, 29)

0.13,0.10; 0.094-0.50, 29)

22,9.4;2.9-41,29)
0.19(0.17, 0.082; 0.14-0.58, 29)
0.30(0.11, 0.37; 0.029-1.4, 29)

1.9(1.6,0.79; 1.4-5.6, 29)
6.6 (5.7,5.3;0.34-17, 29)

0.080 (0.069, 0.034; 0.058-0.24, 29)
0.25 (0.043, 0.44; 0.026-2.0, 29)
0.33(0.29, 0.14; 0.24-1.0, 29)

1.1(0.25, 1.5; 0.038-7.0, 29)
0.21(0.18, 0.088; 0.15-0.62, 29)
0.53 (0.46, 0.22; 0.38-1.6, 29)
0.38(0.34,0.21;0.21-1.2, 29)
0.33(0.27, 0.16; 0.22-0.92, 29)
0.17(0.12,0.17;0.10-1.0, 29)

0.088 (0.067, 0.047; 0.050-0.21, 29)
0.19(0.15, 0.083; 0.13-0.53, 29)

2.1(1.4,1.8;0.45-7.4,29)
0.19(0.15, 0.12; 0.094-0.66, 29)
0.12(0.093, 0.079; 0.053-0.41, 29)
0.18(0.13,0.10; 0.10-0.50, 29)

2.6 (1.5,2.4;0.46-8.8, 29)

0.57 (0.37,0.50; 0.099-1.8, 29)

0.19(0.11, 0.20; 0.053-0.96, 29)

0.18(0.12,0.18; 0.033-0.75, 29)
0.087 (0.049, 0.14; 0.041-0.82, 29)

0.18(
0.17 (
2(
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Table 2.3 Arithmetic mean (median, standard deviation; range, n) of total air concentrations (GFF + PUF) in

pg/m?® at Valkarkai, Russia.

Valkarkai, Russia

2008 (April - October)

2009 (mid-January - mid-November)

cis-Chlordane
trans-Chlordane
Oxychlordane
cis-Nonachlor
trans-Nonachlor
Dieldrin

Endrin
Heptachlor
Heptachlor Epoxide
Methoxychlor
a-HCH

B-HCH

y-HCH

Mirex

PCB 28 + PCB 31
PCB 52

PCB 101

PCB 105

PCB 118

PCB 138**

PCB 153

PCB 156

PCB 180
a-endosulfan
p,p-DDD
p.p-DDE
p,p-DDT
o,p-DDD
o,p-DDE
o.p-DDT

0.25(0.24,0.027; 0.21-0.32, 17)
0.25(0.26,0.013;0.23-0.27, 17)
0.35(0.35,0.035; 0.31-0.47, 17)
0.12(0.12,0.006; 0.10-0.12, 17)
0.17 (0.17,0.024; 0.15-0.23, 17)
0.27 (0.28,0.013; 0.24-0.29, 17)
0.42(0.43,0.021; 0.38-0.45, 17)
0.63 (0.65, 0.032; 0.56-0.67, 17)
0.14(0.13,0.043; 0.12-0.31, 17)

11(8.2,9.4;0.15-32,17)
0.31(0.27,0.097;0.23-0.57, 17)
0.40(0.30,0.31;0.10-1.0, 17)

1.1(1.1,0.054; 0.96-1.2, 17)

3.9 (2.6, 3.6; 0.89-14, 17)
4.8(4.2,3.0;1.3-12,17)

5.6 (4.1,4.3; 0.83-15,17)

3.8(3.1,2.8;0.076-11,17)

7.6 (5.4,4.8;1.5-15,17)
0(1.6,1.2;0.52-4.7,17)
4(1.8,1.4;0.61-4.8,17)

0.16 (0.079, 0.26; 0.068-1.1, 17)
0.15(0.079, 0.15; 0.072-0.54, 17)
0.17(0.17,0.008; 0.15-0.18, 17)
.7(1.8,0.086; 1.5-1.8, 17)
1.3(1.2,0.31;0.91-1.8,17)

1.1(1.0,0.17;0.89-1.5, 17)

0.45 (0.46,0.022; 0.40-0.47, 17)
0.27 (0.23,0.097; 0.20-0.51, 17)
0.58 (0.59,0.029;0.51-0.61, 17)

0.26 (0.24, 0.055; 0.16-0.44, 24)
0.27 (0.26, 0.059; 0.18-0.46, 24)
0.40 (0.35,0.11; 0.26-0.78, 24)
0.13(0.12,0.031; 0.087-0.21, 14)
0.22(0.17,0.13; 0.11-0.74, 24)
0.29 (0.27, 0.062; 0.19-0.49, 24)
0.45 (0.43, 0.098; 0.29-0.77, 24)
0.68 (0.63, 0.15; 0.44-1.2, 24)
0.14(0.13, 0.030; 0.090-0.24, 24)

6.9 (6.3, 1.6;4.2-11, 14)

4.7 (2.3,6.4;0.15-22, 24)

0.60 (0.31, 0.96; 0.18-4.4, 24)
1.1 (0.26, 2.8;0.080-13, 24)
1.2(1.1,0.25; 0.75-2.0, 24)
1.8(1.4,1.6;0.41-8.0, 24)
5.1(2.7,4.8;0.87-17, 24)
4.1(2.3,4.3;0.97-19, 24)
3.0(1.9,2.7;0.59-8.8, 24)
74(3.5,7.9;1.1-31,24)
2.4(1.2,2.4;0.077-8.0, 24)
2.3(1.6,2.3;0.55-7.5, 24)

0.40 (0.13, 0.46; 0.058-1.5, 24)

0.28(0.13, 0.29; 0.058-0.85, 24)

0.18(0.17,0.039; 0.12-0.31, 24)
1.8(1.7,0.40; 1.2-3.2, 24)

1.6 (0.98, 1.2; 0.72-5.2, 24)
1.3(1.0,0.43; 0.75-2.6, 24)

0.62 (0.45, 0.49; 0.34-2.6, 24)

0.83(0.31,0.85; 0.17-3.2, 24)

0.78(0.59, 0.32;0.43-1.7, 24)

* HCB broke through in ~30% of samples. Concentrations may be underestimated.
** PCB 138 co-elutes with PCB 158
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IV. AMAP POPs human

biomonitoring trend results

Author: Jay Van Oostdam, AMAP Human Health Expert Group

An extensive report prepared by the AMAP human health
assessment group and submitted to the Stockholm Convention
WEOG is included at Annex 2. The report also includes
information relevant to the Stockholm Convention Central
and Eastern European (CEE) group. The content and structure
of Annex 2 is as follows:

Quality Assurance — Quality Control
Biomonitoring Data
Legacy POPs
Alaska, United States
Canada
Inuvik Region, Northwest Territories, Canada
Time trend analysis
Nunavik, Quebec, Canada
Maternal Temporal Trends
Adults Temporal Trends
Baffin region, Nunavut
Greenland
Disko Bay
Nuuk
Men of Reproductive age
Trend Biomonitoring in Adults
Iceland
Norway
Sweden
Finland
Russia
Breast milk

Inter-country Comparisons and Temporal Trends in
the Arctic

Maternal blood and breast milk comparisons
Persistent organic pollutants

Emerging contaminants of concern for humans in Arctic
regions

Alaska, United States

Canada

Greenland

Faroe Islands

Norway

Sweden

Finland

Russia

Circumpolar Comparisons
Polybrominated diphenylethers
Perflourinated compounds
Pentachlorophenol and hydroxylated PCBs

Additional References
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V. AMAP POPs biota monitoring

trend results

Authors: Frank Rigét®, Simon Wilson’, Anders Bignert?

Data contributors: Birgit Braune (Environment Canada),
Maria Dam (Faroese Environment Agency), Marlene Evans
(Department of Fisheries and Oceans, Canada), Norman
Green (Norwegian Institute for Water Research, Norway),
Helga Gunnlaugsdéttir (Matis, Iceland), John Kucklick
(NOAA, USA), Derek Muir (Environment Canada), Gary
Stern (University of Manitoba), Gregg Tomy (University of
Manitoba).

Background

Biota are not a core media in the Stockholm Convention
GMP, however, they are widely used in environment
monitoring programmes around the world, including a
number of programmes specifically designed to monitor
temporal trends of POPs. Stockholm Convention evaluations
and reviews focus on results for the GMP core monitoring
media (air and human blood and breast-milk) but allow
results for other media to supplement those for the core
media. Monitoring of time-trends using biota, in particular
freshwater and marine biota, are key components in the
Arctic monitoring conducted under the auspices of the
AMAP Trends and Effects Monitoring Programme.

AMAP is currently preparing an assessment of POPs in the Arctic
that will include a review of all available time-series datasets.
Part of this work has been fast-tracked to provide the Stockholm
Convention with information relevant to those POPs currently
covered under the Stockholm Convention for inclusion in its
2014 GMP evaluation.

Datasets and statistical analyses

Figure 1.1 (above) shows the locations where long-time series
monitoring of POPs in Arctic biota is conducted, together with
the species monitored. Time-series were available from 7 countries
for a total of almost 60 location-species-tissue combinations. The
time-series include locations in Alaskan marine areas; Arctic
Canada; East and West Greenland; marine areas around Iceland,
the Faroe Islands and northern Norway; and lakes in Sweden.
No long-time series biota datasets are currently available for the
Arctic areas of Russia.

Statistical analyses were conducted using the PIA application
on individual time-series concerning 22 compounds/
compound groups (chlordanes (sum and trans-nonachlor),
DDTs (sum and p,p-DDE), dieldrin, heptachlor epoxide,
hexachlorobenzene, hexachlorocyclohexanes (a-, f- and

¢ Aarhus University, Denmark
7 Arctic Monitoring and Assessment Programme, Norway

8Swedish Museum of Natural History, Sweden
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y-HCH), hexachlorobutadiene, mirex, pentachlorobenzene,
perfluorooctanesulfonic acid (PFOS), polybrominated diphemyl
ethers (PBDEs-47 and 99), polychlorinated biphenyls (sum and
PCB-153), toxaphene (parlar-26 and -50)).

Some 1150 statistical analyses were performed, with datasets run
for both time-series that start prior to the year 2000 (666 datasets)
and for time-series that either begin after 2000, or with years prior
to 2000 excluded (479 time-series), see Figure 4.2.

PIA provides a robust method for investigating trends in time-
series data represented by annual index values (Nicholson et al.,
1998). The method employed tests for the presence of (log-)linear
trends and non-linear trend components in the time-series (at
a significance level of 5%). Median concentrations were used
as the annual index values to minimise the influence of outliers
and less-than-detection-limit values. The method also evaluates
the adequacy of the time-series to detect an annual change of
5% with a power of 80%.

Figure 4.2. Overview of the breakdown of the available time-series by

Time-series starting Time-series starting

before 2000 2000-
(666 datasets) (479 datasets)
[ Freshwater fish
[l 5eabirds
[l Marine mammals
[l Viarine fish
[l Mussels

species.

Datasets were handled in a similar manner to previous similar
evaluations (Rigét et al., 2010), taking account of data originators
recommendations for sub-setting animal groups and including
covariates, etc. Many time-series were run in different configurations
(for example, with and without covariate adjustment) to investigate
the influence of factors such as age, sex, lipid content, etc. on the
observed trends.

Time-series with a large number of values reported at less than
detection limits were examined to consider the pattern of these (for
example whether they were concentrated at the end of a time-series
exhibiting declining trends). Time-series where <50% of values
were reported as ‘less-than-detection-limit’ in two or more years
were generally considered inappropriate for trend analyses, unless
these years were concentrated at the start or end of the time-series.
‘Less-than’ qualified values were introduced at half the reported
detection limit.

Trend results were classified into 7 classes as follows:
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o Increasing, a statistically significant increasing log-linear
trend.

o Increasing with non-linear trend component, increasing
trend with a statistically significant non-linear component.

» Decreasing, a statistically significant decreasing log-linear
trend.

» Decreasing with non-linear trend component, decreasing
trend with a statistically significant non-linear component.

o Non-linear component, a statistically significant non-linear
(fluctuating) trend with no clear increasing or decreasing
tendancy.

o No trend. The time-series did not exhibit a statistically sig-
nificant trend.

o Not evaluated. The time-series was unsuitable for trend
analysis (e.g. it contained too many ‘below detection limit’
values).

Summary of results

The format of this report does not permit a detailed description
of individual results. More information will be available in
the AMAP update assessment of trends in POPs in the Arctic
that is due to be published in 2015. Instead, simple summary
graphics have been prepared (see Figures 4.3, 4.4 and 4.5)
to provide an overview of the combined results - together
with a few basic conclusions based on this meta-analysis. In
addition, a few examples of individual time-series results are
presented to illustrate the information that is available at a
non-aggregated level.

Figure 4.3. Overview of trend results for all datasets.

Time-series starting Time-series starting
before 2000 2000-
(666 datasets) (479 datasets)

- not evaluated

D no trend
- non-linear

I:l decreasing with
non-linear component

- decreasing

- increasing with
non-linear component

- increasing

Some observations on the aggregated
results (summarised in Figures 4.3-4.5
and Annex 1 tables)

« Downward trends constitute the majority of statistically
significant trends levels of (Stockholm Convention) POPs
in Arctic biota.

o Many of the time-series begin decades before the Stock-
holm Convention entered into force. Downward trends
therefore likely reflect the impact of control measures that
were introduced at the national level, in the 1980s and
1990s in particular, both in Arctic countries and non-
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Arctic countries in neighbouring regions. This is apparent
in exponential declines in concentrations of POPs such as
PCBs and DDTs, as exemplified in Figure 4.6.

Comparing trends for the period after 2000 with those for
time-series starting earlier than 2000 (Figure 4.3), the pro-
portion of significant (log) linear trends is lower and the
number of time-series exhibiting fluctuating trends or no
significant trends greater — as expected given that longer
time-series are generally more powerful for trend detection.

Considering results for specific compounds or compound
groups (Figures 4.4 and 4.5), increasing trends are evi-
dent in the results PBDEs and HBCD and for PFOS. Con-
trols on these substances at both the national and inter-
national level were not widely introduced before the late
1990s/2000s. For these substances, the increasing trends
are no longer apparent if the time-series for the period
after 2000 are considered and, for PBDE-47 and PFOS in
particular the proportion of decreasing trends increas-
es (see also example in Figure 4.6)

Other compounds/compound groups, including B-HCH
(but not a- or y-HCH) and trans-nonachlor show evi-
dence of some increasing trends, as do a few datasets for
PCB/CBI153, sumDDT (but not DDE) and HCB. Increas-
ing trends are more evident in the (likely less powerful)
post-2000 time-series.

Differences in the way a-HCH and B-HCH partition be-
tween different environmental media provides a possi-
ble explanation for the differences between the observed
trends in these two compounds in the Arctic. a-HCH is
transported via the air whereas B-HCH partitions to a
greater extent into water, and can therefore be transported
via ocean currents. Reduction in use of technical HCH is
therefore likely to be reflected sooner in (air transported)
a-HCH-levels than in (slower, ocean transported) B-HCH
levels at sites in the Arctic that are influenced primarily by
long-range transport. It is also possible that loss of sea-ice
and warming is resulting in a re-equilibration in the bal-
ance between HCH in the ocean and the atmosphere, with
B-HCH entering the atmosphere from the ocean.

It is often tempting to translate trends in levels in biota (or
air or human media) to changes in emission levels. In the
past, assessments of Arctic trend monitoring results have
illustrated that interpreting trends in this over-simplistic
fashion is inappropriate. Changes in food-web structure,
and in feeding habits and diet can strongly affect levels in
biota (including humans). Trends in levels in air and biota
can reflect changes in environmental processes — a number
of which can be associated with climate change and varia-
bility. A detailed examination of trends in individual data-
sets is necessary for reliable trend interpretation. Nonethe-
less, consistency in results from a large number of trend
studies, over a large geographical extent, and involving
different matrices may provide an indication that global
controls on emissions or global processes are responsible
for at least a part of the observed development.

o Tables summarising trend results are included in Annex 1;
these summaries show the annual percentage change (aver-
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Time-series starting
before 2000

a-HCH B-HCH
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28 34
Chlordane trans-nonachlor
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Figure 4.4. Overview of trend results by contaminant/contaminant group for entire time-series.
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Figure 4.5. Overview of trend results by contaminant/contaminant group for the period 2000-.
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ZPCBy; in eggs of thick—billed murre, Prince Leopold Island, Canada
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Figure 4.6. Example of trend results: PCBs (sum of 11 congeners)
and PBDE-47 in thick-billed murre eggs collected at Prince Leopold
Island, Canada.

age and range) by species for the different contaminants/
contaminant groups. Table 1 summarises the trend results
for all runs (for both series starting before 2000 and in or
after 2000. Table 2 similarly summarises the trends results
for those series with either significant (log-) linear trends
or that are considered of ‘adequate’ power (i.e., the ratio of
the number of years in the series to the number of years
required to detect a 5% annual change with a power of 80%
is>1).

Of the more than 1100 statistical runs considered, approxi-
mately 25% were excluded, mainly due to the presence of
‘less than’ values. Of the non-excluded runs, approximately
12% of the time-series are currently of adequate length to
detect a 5% annual change with a statistical power of 80%;
this highlights the need to maintain monitoring effort to ob-
tain sufficiently powerful time-series.
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Annex 1: Biota trend result summaries

Table 4.1. Trend results summary (average and range of annual % change) for all statistical runs. White rows show summary for time-series beginning
before 2000; grey rows for time-series starting after 2000). Note: length of time-series and periods covered by individual time-series differ.

a-HCH B-HCH CHL DDEPP Dield-rin y-HCH HBCD HCB HEPOX mirex
Arctic char -11.5 1.6 -5.3 -6.9 -6.0 93 -34
(-165t0-79) (-3.3t064) (-9.0t0-08) (9.5t0-1.6) (-83t0-3.8) (-155t0-4.6) (-6.4t0 1.0)
-5.3 -79 -16.5 -12.0 -4.3 -10.2 -17.0
(-89t0-1.7) (-142t0-1.5) (-24.3t0-8.6) (-20.3t0-6.2) (-831t0-0.2) (-21.0to-3.5)
Atlantic cod -6.2 -6.4 -5.8 -6.0 -3.5
(-103t00.2) (-6.8t0-5.9) (-9.2t0-0.4) (-10.7 to -1.8) (-5.1t0-2.3)
-10.5 -4.6 3.1 -4.0 -104 -1.7 7.4
(-12.1t0-8.4) (-10.1to-1.6) (-11.1t0 1.9) (-13.2t0-8.7) (-6.0t0 0.8)
Beluga -3.5 -1.2 -76 -39 0.9 -6.8 10.1 -54 -276 -9.5
(-55t01.2) (-531t029) (-199t0-1.0) (-89t00.1) (-11.5t0-1.6) (-139t0-0.2) (-393t0-16.0) (-28.0t0-1.8)
-29 -1.0 -1.4 2.5 1.6 -1.4 -0.4 -39
Black -10.2 4.7 0.1 2.1 -39 3.0
guillemot
-10.1 6.1 -0.3 2.4 -4.1 33
Black-legged -2.5 2.6 -2.0 -5.8 -2.0 0.3 -4.1 -1.1 -35
Kittiwake
Blue -85 22 -09 -76 0.0
mussel (-148t0-0.8) (-64t08.3) (-8.3t084) (-16.7t0 3.0) (-7.5t04.3)
-11.4 -0.3 -3.7 3.8
(-21.9t0-2.0) (-15.1to0 15.5) (-16.2t0 8.8) (-1.3t07.7)
Burbot -11.1 -2.0 -7.0 -1.8 -4.3 -10.0 -29 -1.2
(-142t0-76) (-79t053) (-82t0-58) (45t01.00 (-9.6t0-04) (-12.3to-5.5) (-5.0t0-0.4)
-12.2 -2.2 -2.0 -4.6 -9.1 -1.9 -6.2
European plaice -10.1 -146 -10.0 -138
(-17.3t0-2.9) (-156t0-13.5) (-17.3t0-2.6) (-14.7t0-12.9)
-11.2 94 -17.8 -17.8 -11.8
(-179t01.7) (-20.2to0 1.4) (-27.2t0-13.2) (-17.3t0-3.6)
Glaucous gull -4.1
Lake trout -15.2 -6.7 -3.1 9.8 -34 -130 -39 -139
(-20.6t0-8.8) (-23.2t0153) (-4.8t0-1.4) (-243t0-1.6) (-6.4t0-0.8) (-185t0-89) (-1211t03.3) (-16.6t0-11.2)
Northern fulmar -7.7 40 -1.6 -4.4 -0.9 -0.5 -2.6 -0.7 -1.7
-14.4 171 -1.8 -1.6 43 -0.1 -7.5 5.1 -3.3 0.1
Northern fur seal -8.6 -23 -3.8 -4.2 -7.3 13.3 -4.2 0.2 -15.1
(-1.2to0 1.5)
Pike -4.6 -1.3 -6.1 -5.7 -1.3
-2.0 -29 -5.2 -29 -0.5
Pilot whale 3.8 -49 -4.8 -0.6 04
(-341t0158) (-8.1t0-0.3) (-15.7to4.6) (-3.5t05.1) (-3.7t05.1)
11.9 -9.2 -10.0 -2.2 27
(-42t0403) (-168t0-1.7) (-27.3t02.7) (-72t07.2) (-4.6t0 13.5)
Polar bear -9.5 -2.1 -2.1 -1.7 0.6
(-10.1t0-9.0) (-24to-1.8) (-2410-1.8) (-2.9t00.6) (-221t05.2)
-103 27 -44 04 76
(-127t0-87) (1.8t03.5) (-5.8t0-25) (-24102.5) (4.0t013.8)
Ringed seal -7.8 -04 -3.6 -3.2 -1.6 -53 4.5 -1.9
(-1141t0-20) (-47t054) (-7.5t00.8) (-58t0-0.8) (-4.3t0-0.1) (-8.2t00.1) (-3.7t01.2)
-89 -1.7 -4.2 -35 -4.6 -7.7 3.6 0.6
(-119t00.7) (-55t06.2) (-7.2t0-1.0) (-70t0-06) (-75t0-28) (-93t0-5.5) (-4.6105.5)
Thick-billed -7.8 -14 -34 -36 -2.7 0.0 -0.4 -2.7 -1.7 -7.0
murre (-10.7t0-49) (-4.0t01.3) (-52t0-16) (-43t0-28) (-45t0-0.8) (-0.8t00.8) (-29t0-24) (-3.1t0-0.2) (-10.4t0-3.6)
-3.1 9.6 -6.2 -4.7 2.7 0.9 -7.6 2.6 -0.8 -10.7
(-34t0-27) (5.5t013.6) (-7.3t0-5.0) (-5.1t0-43) (1.1t04.3) (06t01.1) (-89t0-69) (1.8t03.3) (-1.7t00.2) (-143to0-7.1)
All species -8.7 -0.3 -4.5 -4.2 -3.1 -7.2 4.7 -2.5 -9.7 -6.7
(-206t01.2) (-23.2t015.8) (-199t00.8) (-243t084) (-96t009) (-185t03.0) (41t013.3) (-147t05.2) (-393to1.5) (-28.0to5.1)
All species 9.5 0.8 -5.8 -4.6 -0.7 -5.6 -5.7 -0.5 -16 -3.3

(-219t01.7) (-20.2t040.3) (-243t03.1) (-273t015.5) (-75t043) (-178t088) (-89t03.6) (-21.0t013.8) (-33t00.2) (-17.0to13.5)




PBDE-47

8.7
(2.1t0 22.5)

-13.7
(-18.4t0 -8.9)

84
(53t011.5)

7.4

-34
(-7.0t00.2)

-5.7
(-6.3t0-5.0)

-0.1
(-0.2t0 0.0)

24

-13.6
12.1

1.7

1.7
(02t02.8)

-94
(-11.0t0-6.1)

26
(-25t05.3)

1.7
(-3.7t0 12.4)

-1.3
(-5.0t024)

-124
(-13.1t0-11.7)

4.0
(-6.3t022.5)

-4.7
(18410 12.4)

PBDE-99

7.5
(3.6to0 13.5)

-8.8

11.9
(1.6t025.1)

-10.0

15
(-24t05.3)

0.3

14.8
13.2

4.7
(1.3t06.6)

-10.4
(-13.5t0-5.3)

-2.0
(-7.2t02.7)

45
(-8.7 to 44.1)

-1.3
(-1.3t0-1.2)

585
(125t0 104.5)

38
(-7.2t025.1)

7.1
(-135t0 104.5)

$PCB,,

-70
(-10.7t0-3.0)

-15.2
(-22.1t0-8.3)

74
(-106t0-4.2)

-2.2
(-10.8 t0 2.6)

-4.4
(-7.1t0-07)

-0.5
1.5

23
-6.8

-0.1
(-10.0t0 20.7)

6.8
(-10.9 to 33.0)

-3.1
(-55t0-1.8)

=37/

9.1
(-11.7t0-6.5)

-12.6
(-27.5to -4.5)

93
(-179t0-2.4)

-2.5
(-5.3t004)

-7.3
(-1341t01.0)

-2.5
(-4.0t0-0.7)

21
(-1.0t0 5.1)

-3.5
(-5.7t0-1.2)

-4.5
(-9.6t00.3)

44
(-5.1t0-3.6)

-34
(-3.8t0-2.9)

-3.7
(-17.9t020.7)

-1.0
(-27.5t0 33.0)

PCB-153
-6.2
(-9.5t0-3.2)

-10.4
(-19.8t0-5.2)

-5.4
(-9.3t00.3)

-1.6
(-8.7t04.2)

-4.5
(-7.7t0-0.8)
0.4
1.9

25
-6.5

-1.3
(12810 19.6)

1.8
(-15.3t0 28.0)

-1.8
(-5.0t0 0.6)

=39

-9.9
(-11.3t0-8.4)

-16.1
(-30.8t0 -5.5)

-9.1
(-19.2t0-1.2)

-3.3

52

-2.8
(-5.7t0 1.8)

-7.1
(-14.1t0 2.3)

-2.1
(-3.5t0-0.2)

38
(04t07.3)

-3.1
(-59t0-0.3)

-3.8
(-8.5t0 1.4)

-39
(-4.6to0-3.1)

-2.6
(-3.3t0-1.8)

-3.8
(-19.2t0 19.6)

-2.7
(-30.8 t0 28.0)

pentachlorbenzene

-2.3
(-4.1t0-0.8)

7.1
(-27.9t0 1.6)

23

-2.1

-5.1
(-6.2t0-4.0)

-3.8

-1.0

-3.5
(-7.7t00.8)

-1.8
(-5.6t05.7)

-6.5
(-9.8t0-3.2)

74
-34

-1.8
(-24t0-1.2)

5.2
(3.5t06.9)

-4.2
(-27.9t0 1.6)

1.7
(-5.6t0 7.4)

PFOS
14

4.0

3.1
(09t08.1)

-34

5.9

-369
(-449t0-28.9)

4.7
1.9

33

26

79

(75t08.5)

-0.5

4.9

30

(-3.4t08.5)

-7.6
(-44.9t05.9)

2DDT

-1.3
(-6.6105.6)

-23.9
-7.0

-10.7

-23.9

-4.0

(-10.7t0 5.6)

-23.9

Toxa-26

<77
(-9.7to-2.1)

-6.8

-5.3
(-8.8to-1.4)

-0.5
(-9.7t05.0)

-4.9
(-10.3t0-0.7)

1.3
1.5

2.0
-5.8

0.8
(-109t0 11.3)

-0.9
(-14.0t0 8.3)

-3.8
(-6.0t0 0.5)

-1.8

-11.1
(-15.5t0-6.6)

-11.3
(-229t0-1.8)

-10.6
(-20.9 to -6.6)

=12
-4.8

-8.1
(-183to2.1)

-2.5
(-6.3t01.3)

-2.5
(-2.8to-2.1)

-4.6
(-6.0t0-3.0)

-4.2
(-6.3t0-2.3)

-39
(-7.0t0-1.0)

-3.5
(-43t0-2.7)

-4.8
(-5.2t0-4.4)

-39
(-209t0 11.3)

-3.0
(-22.9t08.3)

Toxa-50
-7.7

-32.0

-2.2
(-5.2t0 2.8)

-8.1
(-14.5t0-1.5)

-7.9
(-11.6to-1.5)

-7.9

-2.2
(-45t01.8)

-5.5
(-8.5t0-0.2)

-0.3
(-14t00.9)

-4.6
(-5.1t0-4.2)

-5.9
(-145t0 1.8)

-7.2
(-32.0t0 2.8)

trans-nonachlor
-9.9

-29.4

0.0
(-5.7 t0 10.1)

35
(-27t074)

83
(1.6 to 16.0)

-7.9

-3.0
(-5.3t0-0.1)

-7.3
(-9.8t0-2.9)

-7.1
(-84t0-5.7)

-6.4
(-6.8t0-5.5)

-0.6
(-99to74)

0.8
(-29.4 t0 16.0)




Table 4.2. Trend results summary (average and range of annual % change) for those statistical runs where significant (log-linear) trends were observed, or
where time-series were ‘adequate’ in terms of their power to detect a 5% annual change. White rows show summary for time-series beginning before 2000;
grey rows for time-series starting after 2000). Note: length of time-series and periods covered by individual time-series differ.

Dield-rin y-HCH HCB HEPOX mirex
Arctic char -12.2 -8.0 -84 -6.0 -10.3 -4.4
(-16.5t0-9.7) (-9.0t0-6.9) (-95t0-7.6) (-83t0-3.8) (-15.5t0-5.8) (-6.4to-3.4)
-243 -15.0 -123
(-20.3 to -9.6) (-21.0to -3.5)
Atlantic cod -8.7 -6.8 -3.4 -9.1 -3.2
(-10.3t0 -6.8) (-5.3t0-0.4) (-10.7 to -6.1) (-3.8t0-2.3)
-12.1 -1.6 9.5 -14
(-10.8t0-8.7) (-2.7t0 0.5)
Beluga -4.9 2.7 -1.0 0.9 -5.3 10.1 -0.8
(-5.5t0-4.3)
-14
Black guillemot -10.2 3.0
33
Black-legged -5.8 -2.0 -4.1
Kittiwake
Blue mussel -9.1 -7.3
(-10.7 to-6.3) (-8.3t0-6.2)
-18.2 -15.1 93
(-21.9to -14.5)
Burbot -11.4 -5.8 -4.5 -6.3 -121
(-9.6 to -3.0)
-12.2 -9.1
European plaice -15.6 -13.8
(-14.7 t0 -12.9)
-17.5 -18.8 -17.8 -14.5
(-27.2t0-13.2) (-17.3t0-10.7)
Glaucous gull
Lake trout -10.4 -17.41 -1 -9.8 -16.6
(-11.9t0-8.8) (-24.3t0-9.9) (-12.9t0-8.9)
Northern fulmar -1.6 -4.4 -0.9 -2.6 -1.7
Northern fur -8.6 -7.3 133
seal
Pike 6.1 -5.7 -13
-5.2
Pilot whale -34 -3.7
-4.2 -13.0 -27.3 -6.6 -4.6
(-16.8t0-9.1)
Polar bear -9.5 -2.1 -24 -1.7 -1.1
(-10.1t0-9.0) (-2.4to0-1.8) (-2.9t0 0.6)
-10.7 9.4
(-12.7 to -8.7) (5.0to0 13.8)
Ringed seal -9.0 -0.1 -5.0 -4.9 4.3 -6.3 4.5 -3.7
(-11.4t0-4.7) (-4.7to5.4) (-5.6to-44) (-5.8t0-3.8) (-8.2t0-2.3) (-3.7t0-3.6)
-10.8 -5.4 -4.9 -39 -7.5 -7.8 3.6 -2.6
(-11.9t0-9.7) (-55t0-53) (-49to-48) (-4.1t0-3.7) (-9.1 to -6.4) (-4.6 t0 -0.6)
Thick-billed -4.9 -34 -3.6 -0.8 0.8 -2.9 -0.2
murre (-5.2to-1.6) (-43t0-2.8)
-6.9
All species 94 -1.2 -4.6 -6.9 -3.5 -8.2 9.3 -4.2 -0.2 -7.3
(-16.5t0-4.3) (-6.8to54) (-9.0to-1.0) (-243to-04) (9.6t00.9) (-155t00.8) (45t013.3) (-14.7t03.0) (-16.6 to-1.7)
All species -12.8 -4.2 -12.0 -14.2 -7.5 -8.9 -1.7 -4.4 -4.6
(-219t0-8.7) (-5.5t0-1.6) (-243t0-4.8) (-27.3t0-3.7) (-17.8to-1.4) (-6.9t03.6) (-21.0to 13.8)
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PBDE-47 PBDE-99 ZPCB,, PCB-153 pentachlorbenzene PFOS
149 13.5 -7.0 -6.3 1.4
(7.3 to 22.5) (-10.7t0-3.0) (-9.5t0-3.2)
-18.4 -22.1 -13.1
(-19.8t0-6.3)
-4.2 -3.0
(-4.8t00.3)
8.4 -0.7 -0.8 1.6 5.6
(5.3t0 11.5)
0.4
-6.8 -6.5
-6.2 -6.5
(-7.2t0-47) (-12.8t0-2.9)
12.2 -8.8
(-6.2t033.0) (-15.3t0-2.3)
-3.8
-11.7 -11.3
-19.9 -21.7
(-27.5t0-12.3) (-30.8to -12.6)
-6.3
-4.2 -3.8 -1.6
-13.6
12.1 13.2
-3.3
-5.2 -9.2
-11.4 -14.1
(-13.4t0-9.4)
2.8 -35 -3.1 33
(-40t0-29) (-3.5t0-2.6)
-11.0 -13.5
1.4 -7.2 -4.6 -4.4 8.5
(-2.5t0 4.1) (-5.7t0-3.6) (-59to0-2.7)
-3.2 18.0 -4.7 -5.1
(-8.2t0 44.1) (-5.4t0-4.7)
-4.4 -3.9 -1.2
(-5.1t0-3.6) (-4.6t0-3.1)
-11.7 4.9
5.5 6.5 -5.5 -5.0 -1.3 4.4 5.6
(-6.3t022.5) (-7.2t013.5) (-11.7t0-0.7) (-12.8t00.3) (-3.8t0 1.6) (1.4t0 8.5)
-11.6 7.5 -5.9 -10.6 -2.2
(-1841t0-3.2) (-13.5t044.1) (-27.5t033.0) (-30.8t00.4) (-9.2t0 4.9)

Toxa-26 Toxa-50 trans-nonachlor
-9.1 -7.7 -9.9
(-9.7 to -8.4)
-29.4
-8.8
5.0 -4.7 =5.1
(-5.2to0-4.2) (-5.7 to-4.4)
-5.8
0.2 -124
(-10.9t0 11.3) (-14.5t0-10.5)
-14.0 94
(-11.0to-7.2)
-5.9
(-6.0 to -5.8)
-15.5
-19.2

(-22.9to -15.5)

-7.0
(-7.4t0-6.6)
-4.5
-7.9 -7.9
-18.3
-6.3 -8.5 -9.5
(-9.8t0-9.2)
-2.8
(-2.8t0-2.7)
-7.1
(-8.4t0-5.7)
-4.2 -4.8 -6.4
(-4.5t0-3.9) (-5.1to-4.5) (-6.8 to -5.5)
-3.5
(-4.3t0-2.7)
-6.2 -10.6 -8.0
(-183t011.3) (-14.5t0-7.7) (-9.9to0-5.7)
-8.9 -7.0 9.7

(-229t05.0) (-11.0t0-4.2) (-29.4to0-4.4)
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Annex 2: Arctic Human Biomonitoring

This contribution to the United Nations Environment Program’s
(UNEP) Global Monitoring Program (GMP) 2015 report
is based largely on the Arctic Monitoring and Assessment
Programme (AMAP) Human Health in the Arctic report
(2009) as it presents the best summary of present arctic human
biomonitoring and trend data for many Persistent Organic
Pollutants (POPs). This is supplemented by various published
papers as of October 31, 2013 that members of the AMAP
Human Health Assessment Group (HHAG) were able to supply.

This report to the UNEP GMP will first present a summary of
the Quality Assurance / Quality Control information which
supports the AMAP 2009 report and is key in interpreting
the trend and regional biomonitoring data presented in the
following section. The biomonitoring data presented will
emphasize the trend data for legacy POPs and the new regional
data that gives additional information to the arctic contaminant
issue but will not repeat information that was already presented
in the UNEP WEOG 2008 report. A summary of the some of
the data found in the AMAP for the newly emerging POPs will
also be presented. Additional studies that were published after
the 2009 assessment will be presented where this will add a
more complete description of the present arctic human health
and contaminant issue. The importance of dietary / social
factors that affect the intake of traditional foods in the arctic
are discussed throughout the report as traditional foods are
the major source of many but not all of these contaminants.

Quality Assurance — Quality
Control

The AMAP Human Health Assessment Group, concerned
with the accuracy and comparability of data originating from
laboratories, recommended in 2000 that a quality assessment
(QA) program be established for POPs in human samples.

Owing to its 22-year continuous experience in organizing
interlaboratory comparison programs for heavy metals
in human biological fluids (Weber, 1996), the Centre de
Toxicologie du Québec, was selected to implement the
program. Initial funding was provided by Health Canada.

Preliminary trials were successfully undertaken with three
laboratories: The Canadian Centre de toxicologie of the
Institut national de santé publique du Québec, the American
National Center for Environmental Health at the Centers
for Disease Control and Prevention, and the Norwegian
Institute for Air Research. A first round was conducted in
2001, with 32 participating laboratories recruited. To ensure
high participation, this first exercise was free of charge. Three
serum specimens were prepared; each spiked with PCB
congeners 28, 118, 138, 153, 170, and 180 as well as DDT,
DDE, and Mirex, and sent to laboratories in May. Analysis
of the data indicated good overall performance for this first
round of the AMAP Ring Test, although some problems were
apparent, notably with DDT and Mirex.
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In 2002, a permanent structure was given to the AMAP
Ring Test, including a published annual schedule of three
rounds with specified deadlines. To ensure a sufficient pool
of reporting laboratories, participation was extended to
all interested laboratories regardless of their involvement
with AMAP. Oxychlordane and B-hexachlorocyclohexane
(HCH) were added to the list of analytes, and Mirex was
removed. Quantitative scoring criteria were introduced
for formal evaluation of performance. The application of
fees, necessary for self-funding of the program led to a
decrease in participation. The performance of the remaining
laboratories was generally very good. One of the samples sent
to participants was the NIST (National Institute of Standards
and Technology) Serum Standard Reference Material 1589
for POPs. Analysis of results from participants showed
convincingly that some of the NIST-certified values were
inaccurate. NIST was informed and eventually revised its
certificate.

The most notable change in 2003 was the addition of toxaphene
congeners Parlar 26 and 50. Excellent performance was observed
for most participants. In 2004, participants were offered the option
of reporting lipid results. It was noted that lipid results were
significantly higher for laboratories using enzymatic methods,
compared to those using gravimetric methods. A decrease in
participation coincided with an increase in fees, despite the modest
nature of this increase (around 20%).

In 2005, four new analytes were added, including two
polybrominated diphenylethers (PBDEs) congeners (BDE47
and BDE99) and two organochlorine pesticides, trans-nonachlor
and hexachlorobenzene (HCB). Although initially poor, the
performance for PBDEs improved significantly after three rounds.
No modifications were brought to the Ring Test for 2006 and overall
performance remained at the same level.

There was a major overhaul of the program in 2007 with the
introduction of several new analytes, bringing the total to 32.
The new analytes were:

o Perfluorinated compounds (perfluorooctanoic acid
[PFOA] and perfluorooctane sulfonate [PFOS])

 Three new PCB congeners (CBs 74, 99, 105)

« Six new PBDE congeners (BDEs 23, 100, 153, 154, 183,
209)

o Individual lipid components (free and total cholesterol,
phospholipids, triglycerides)

To better analyze the new wealth of data generated, modifications
were required to the scoring system. In line with other EQAS,
the zonal scores were replaced by z-scores from which composite
z-scores, the Rescaled Sum of z scores (RSZ) and the Sum of
Squared z-scores (SSZ), could be calculated for each class
of analytes, thereby enabling a better appreciation of the
laboratories’ strengths and weaknesses.
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Evolution of performance over time is illustrated for CB28
(Figure 1) and CB138 (Figure 2), using the Ring Test’s criteria
for good (within 20% of target) and acceptable (within 40%
of target). Details of the performance calculation are given in
the Appendix. Briefly, each ‘good’ result yields two points and
each ‘acceptable’ result yields one point. For each participant,
all analyte scores are added and normalized. Thus a participant
reporting all ‘good’ results would score 100%. The proportion
of participants achieving these goals is plotted, using year- end
performance for each year between 2001 and 2007 (for 2007,
performance observed for the second round was used). Data
from all participating laboratories was used, whether or not
they were AMAP contributors.

For CB28, an example of a less-persistent PCB congener, the
proportion of laboratories with acceptable and good results
increased from 70% to 90%, and from 63% to 80%, between
2001 and 2007, respectively. For persistent PCB congeners,
such as CB138 (Figure 2), the trend is even more pronounced.
A similar trend is seen for most analytes, although year-to-year
fluctuations may show surprising reversals (e.g., toxaphene).

A more relevant measure may be the performance of an
individual laboratory contributing data to AMAP. It is
particularly important to determine whether biases
exist, that is, whether a laboratory consistently over-
or underestimates their results over time, because
this will affect the comparison of data from different
laboratories (and thus, ultimately, countries). To measure
bias, the RSZ was calculated for the different chemical families
(PCBs, organochlorine pesticides, toxaphenes, and PBDEs, as
well as for total serum lipids, this last parameter being used to
normalize results with respect to individual fluctuations in lipid
levels) for each laboratory. As an example, Figure 4.5 shows
the individual RSZs for the 17 rounds between January 2002
and June 2007 for a participating laboratory with a good
performance (one whose performance is better than
the mean). To be acceptable, results must lie between —2
and +2, corresponding to a + 40% difference from the
target value. More importantly, the data should not
lie consistently on the same side of the 0-ordinate as
this would indicate systematic error, or bias over time.
For PCBs, this representative laboratory generated data
that were generally acceptable but were overestimated
from 2004 to the beginning of 2005 (Figure 3). Data for
organochlorine pesticides were almost always within the
acceptable range. The PBDE and toxaphene data were very
close to the target value and within the acceptable range of
+ 2 z. Further information on the AMAP QA/QC program
can be found in AMAP 2009.

Biomonitoring Data

Legacy POPs

The data presented in this section were supplied by
biomonitoring studies undertaken in various parts of
the circumpolar region. The focus is on maternal blood
concentrations of various legacy POPs, although data for
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both men and women living in the Arctic will be presented
where this adds to the regional descriptive information.
Legacy POPs refers to POPs that in general have been
included in human and environmental biomonitoring for the
past 20 to forty years but the timespan in the arctic may be
shorter than this. The section focuses on trend analyses for
several legacy POPs that are found at higher concentrations
in some Arctic populations (e.g., DDE a metabolite of the
pesticide DDT) and several other POPs for which people
have often exceeded Tolerable Daily Intakes (TDIs) (e.g.,
chlordane metabolite oxychlordane, toxaphene and PCBs).
Initial data are available to assess changes in contaminant
concentrations over time for several Arctic countries but the
strength of these data varies considerably. Many of the data
sets are only based on two population samples separated by
five to ten years, in which case it is only possible to indicate
increasing or decreasing concentrations rather than a trend.
Nevertheless, it is very encouraging to see that the results
are very similar to trends for mothers from Disko Bay
(Greenland) and Nunavik (Canada) where more frequent
sampling was available over a similar time period.

Alaska, United States

Regional tribal health system authorities have collected and
archived blood samples from Alaska Native mothers for a
number of years. Contaminant concentrations have been
measured in some of these samples since the late 1990s. This
assessment is the first to include a full set of organochlorine
and metal data for Yupik mothers from the Yukon-Kuskokwim
Delta and Ifupiat (Inuit) mothers from the north slope of Arctic
Alaska. The data allow comparisons between contaminant
concentrations in these two groups, and some initial data for
the Yupik mothers enable a first examination of increases or
decreases in contaminant concentrations.

Table 1 presents the mean concentrations of organochlorines in
maternal blood for Alaska Natives. The Iiupiat and the Yupik
are indigenous groups that live in different regions of Alaska
and so have different traditional diets and possibly different
contaminant exposure patterns. Care must be taken when
comparing contaminant concentrations between Ifiupiat and
Yupik mothers because the sampling timeframes do not always
overlap. However, for the 1999 - 2003 period, data are available
for both groups, although the contaminant patterns look quite
different. Concentrations of many organochlorines, such as
oxychlordane, DDE and CB153, are lower among Iiiupiat mothers
than Yupik mothers (21, 68, 8.6 pg/kg serum lipid, and 29, 135,17
pg/kg serum lipid, respectively, Table 1). This is likely to be due
to dietary differences between the two groups. The Ifiupiat diet
consists predominantly of land mammals, followed by whale,
and then lesser amounts of fish (mostly freshwater species). The
main marine mammal is the bowhead whale (Balaena mysticetus),
which feeds at a low trophic level. In comparison, dietary surveys
by participants indicate that the Yupik rely less on land mammals
and more heavily on Pacific salmon (Oncorhynchus spp.), seals,
and sea lions, which feed at higher levels of the food chain (Berner,
J., pers. comm., 2008).
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Fewer Inupiat than Yupik mothers were included in the study
(Table 1) and the difference between two time points is less;
therefore, comments on changes in contaminant concentration
are limited to Yupik mothers. Among the Yupik mothers, the
concentrations of oxychlordane, DDE, and CB138 decreased
between 1999 - 2003 and 2004 - 2006 while concentrations
of other contaminants, such as hexachlorobenzene (HCB),
B-HCH and toxaphene, increased. Yupik mothers also
showed an unexpected inverse relationship between changes
in oxychlordane and trans-nonachlor concentrations; both
components of the pesticide chlordane, with one increasing
and the other decreasing. Further data will be needed to see if
this relationship continues. No statistical comparison of these
two time points was available for this assessment.

Canada

Inuvik Region, Northwest Territories, Canada

This section presents the results of a biomonitoring study
that took place in the Inuvik region of the Northwest
Territories (NWT). This was a follow-up study to assess
changing concentrations of human exposure to environmental
contaminants using maternal blood and hair as biomarkers of
exposure. The baseline study was completed in 1999 and the
follow-up study was completed in 2006. People in the Inuvik
region were included in the follow-up study because this region
had the lowest concentrations of contaminants among Inuit
regions in the baseline study. Follow-up within the Inuvik region
provides a useful comparison to follow-up in regions that had
higher contaminant concentrations, such as Baffin and Nunavik.

There were 89 participants enrolled in the study with 76
contributing blood samples for follow-up (52 Inuit women, 17
Métis/Dene women and 7 Caucasian women). Samples were
collected in the late third trimester or immediately after birth. The
samples were analyzed for a similar range of POPs and metals as
for the baseline study as well as vitamins and various nutrients.
Dietary information for the mothers is also available.

Table 2 presents the concentrations of CB153 in maternal blood
for each ethnic group. In the follow-up study (2005-2006), mean
concentrations of CB 153 were three-to four-fold higher in Inuit
mothers than in Dene- Métis or Caucasian mothers (17, 5.9 and
4.3 pg/kg lipid in plasma, respectively). A similar pattern occurs
for CB138 and CB180.

Toxaphene (Parlar 50), oxychlordane and DDE were also
measured in the follow-up study (2005-2006) and are shown
in Table 2. A similar pattern to that found for PCBs is seen with
the highest concentrations in the Inuit mothers compared to
the Dene- Métis and Caucasian mothers.

Time trend analysis

Care must be taken when comparing contaminant concentrations
measured during the baseline study (1998-1999) and the
follow-up study (2005-2006). These are not random population
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samples and due to the limited birth rate in the north, any
mother from a region could volunteer to be included. The age
of the mothers and parity are similar for the two studies but
the different ethnic proportions in the two studies indicate
that results can only be interpreted on an ethnic-specific
basis. Further information on these studies can be found in
AMAP 2009.

Among the organochlorines it is clear that the mean
concentrations of all contaminants decreased significantly
in all ethnic groups over this period (1998 to 2006). Inuit
mothers showed the greatest absolute decrease for pesticides
such as p,p~DDE and oxychlordane (125 to 76 pg/kg lipid
and 18 to 8.7ug/kg lipid, respectively). The absolute change
in concentrations of contaminants such as p,p>-DDE was
less among Dene—M¢étis and Caucasian mothers (64 to 35
pg/kg lipid and 64 to 34 pg/ kg lipid, respectively). PCB
concentrations also decreased significantly especially among
Inuit mothers, with the most marked decrease in CB138
and CB153.

As previous studies have shown it was marine mammal fat that
supplied the greatest amount of exposure to contaminants such as
PCBs. The decrease in maternal blood concentrations of various
organochlorines is supported by dietary information from this
study which indicates that fewer marine mammals are being
consumed by Inuit mothers while greater quantities of other
less-contaminated foods such as fish and caribou/moose, are
being consumed. This is encouraging because much of the risk
communication information, released after the previous AMAP
assessment in 2003, indicated that mothers should continue to
eat their traditional foods, but should consume traditional foods
with lower contaminant concentrations if they were concerned
about contaminants.

Nunavik, Quebec, Canada

Maternal Temporal Trends

Over the past fifteen years, several studies in Nunavik have
monitored the exposure of Inuit mothers to POPs and heavy
metals. The aims of the studies were to compare current
exposure concentrations to POPs with past concentrations
and to assess exposure to emerging POPs. Maternal blood
concentrations of contaminants have been studied due to concern
about possible effects on infant and newborn development.

A series of nine studies have focused on contaminants in mothers
from Nunavik. These studies included pregnant women in the
1992 Quebec Inuit Health Survey, Infant Development Studies
led by Muckle and colleagues between 1996 and 2001, plus more
recent surveys that focused on trend monitoring in Nunavik
mothers 2004 - 2007). Eleven to 53 mothers were recruited each
year and the average age ranged from 24 to 27 years (Table 3).
Measurements of the legacy POPs, emerging POPs, and heavy
metals (which include 14 PCB congeners and 11 chlorinated
pesticides) were carried out on all samples. Dietary data were
not available for this assessment.
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Table 3 and Figure 4 summarize the time trend data for
the legacy POPs. A temporal trend analysis of plasma
concentrations of organochlorines in pregnant women
was performed using multiple regression modeling with the
contaminant concentrations (log) as dependent variables,
and year of sampling as the main independent variable. The
data were adjusted for age and region of sampling (Hudson
vs. Ungava) because there were significant effects of these
two parameters. Further details can be seen in AMAP 2009.

The concentrations of PCBs decreased significantly in maternal
blood in Nunavik over the period 1992 to 2007 with CB153
congener showing the greatest change (172 to 40 pg/kg
plasma lipid). The chlordane derivative oxychlordane also
decreased significantly over this period. p,p-DDE had the
highest concentration of all the POPs (636ug/kg plasma lipids
in 1992) and decreased to 150 pg/kg plasma lipids in 2007.

Adults Temporal Trends

In 1992, a major health study was undertaken in Nunavik to
assess the health of the population. A major follow up study
was undertaken in 2004 to reassess health status and identify
risk factors of chronic disease. Concentrations of contaminants
in blood were measured in both studies and levels of country
food consumption were established for this population. Initial
data for legacy and emerging POPs are reported but detailed
dietary analyses were not available for this assessment.

Concentrations of POPs in Nunavik adults have declined
significantly (Table 4). Previous monitoring in the Arctic and
elsewhere found that CBs 138, 153, and 180 were the most
abundant congeners in blood. CB153 concentrations declined
significantly in men and women in Nunavik between 1992 and
2004 (340 to 189 ug/kg plasma lipids and 263 to 158 pg/kg
plasma lipids, respectively). Concentrations of p,p-DDE showed
the greatest absolute decrease, from 1195 to 461 pg/kg plasma
lipids for men and 1001 to 467 ug/kg plasma lipids for women.
Concentrations of the chlordane component oxychlordane
also declined significantly in women and men.

It is interesting to note that in adults from Nunavik,
concentrations of legacy POPs were much higher (10% to
20%) in men than women in 1992. This changed in 2004 with
concentrations of oxychlordane, p,p>DDE and CB138 similar
between men and women and only PCBs 153 and 180 still
higher in men.

Baffin region, Nunavut

The Qikiqtaaluk (Baffin) region in Nunavut Territory recently
completed a multi-year study which assessed temporal trends in
human exposure to selected environmental contaminants using
maternal blood and hair as biomarkers. The study was conducted
as a follow- up to a previous study that took place in1997.

As for the mothers from the Inuvik region, the concentrations
of all organochlorines decreased significantly between 1997
and 2007 for Inuit mothers from the Baffin region of Nunavut
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(Table 5). The greatest decrease in organochlorine pesticide
concentrations is seen for p,p=DDE and oxychlordane 248 to
128 and 69 to 26 ug/kg lipid, respectively). PCB concentrations
also decreased significantly over this period with the greatest
decrease in CB153.

Greenland

Disko Bay

Deutch et al. reported collection of samples from pregnant
women during 1994 to 2006 in the Disko Bay area of Greenland
as part of the ongoing circumpolar mother infant health study.
A total of 223 mother/infant pairs were included in the study
with only live born and single birth babies included in the
study population. Lifestyle, anthropometric factors, and
dietary survey data were analyzed along with blood and plasma
concentrations of lipids, fatty acid profiles, heavy metals and
organochlorine compounds (Deutch and Hansen 2000, Deutch
et al 2007a+b, Deutch unpublished data).

Concentrations of all organochlorines declined significantly
in pregnant women from the Disko Bay area between 1994
and 2006 (Table 6, Figure 5). For example, oxychlordane and
CB153 concentrations decreased from 61 to 20 pg/kg lipids
and 143 to 69 ug/kg plasma lipids, respectively, over this
period. Because there are regional differences in traditional
food consumption the decrease in contaminant concentrations
in pregnant women from the Disko Bay area may be due, in
part, to an increase in the consumption of traditional food
from the marine ecosystem that contains lower concentrations
of some environmental contaminants and further details can
be found in the dietary sections of AMAP 2009.

Nuuk

A second trend assessment for contaminants in maternal
blood is available for Inuit mothers from the Nuuk region
of Greenland (1999 - 2005) (Figure 5). Concentrations of
all contaminants are markedly lower in mothers from Nuuk
(Table 7) than in mothers from the Disko Bay area (Table 6)
as exemplified by oxychlordane concentrations in 1999 (40
ug/kg plasma lipid in Disko Bay and 20 pg/kg plasma lipid in
Nuuk, respectively). As well as having lower concentrations
of organochlorines, there are only small and variable annual
changes resulting in no significant decreases for Nuuk mothers.
One reason for the lower concentrations of organochlorines
in the capital Nuuk is likely to be a higher consumption of
marine mammals in the more remote region of Disko Bay.

Men of Reproductive age

Deutch et al. also reported collected samples from men and
women of reproductive age (20 to 50 years). These individuals
had a much higher participation rate than the maternal groups
previously discussed and the sample could be drawn from
a broader range of communities. This allowed a group of
approximately 600 men and women of reproductive age to
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be collected between 1999 and 2006 from eight Greenland
districts Deutch and Hansen 2000, Deutch et al 2007a+b,
Deutch unpublished data). The five districts presented here in
this report were not included in the 2003 AMAP assessment.

Concentrations of various organochlorine compounds in blood
for men from five regions of Greenland are presented in Table 8.
A few general observations can be made in relation to this large
amount of data. Geometric mean concentrations of p,p-DDE
are the highest of all the POPs measured, ranging from 404 to
970 pg/kg plasma lipids in men. The PCB congener CB153 was
found at concentrations approaching those for DDE and was
followed by CBs 180 and 138 and the chlordane metabolite,
trans- nonachlor. Concentrations of almost all contaminants
are higher in men from Qaanaaq than all other communities
and this is probably due to the higher intake of traditional food
there (Deutch et al., 2007a; Deutch et al. unpublished).

Trend Biomonitoring in Adults

A recent study by Bjerregard et al 2012 confirms that in
Greenlandic men and women there have been significant
decreases in the concentration of POPs over the sixteen year
span of 1993 to 2009. Concentrations of PCB153, oxychlordane
and p,p’DDE decreased in plasma from 671 to 353, 291 to
122 and 1431 to 727 pg/kg plasma lipids, respectively. These
decreases were seen in residents of both towns and villages
but the decrease took place later in the villages. As was seen
in previous studies the main determinants of organochlorine
concentration in adults were age, marine mammal diet,
smoking and gender. The authors also concluded that the
decreased concentrations of contaminants in wildlife had a
greater effect on body burdens than the decreased traditional
food consumption noted over this sixteen-year timespan.

Iceland

Concentrations of POPs in maternal plasma from Iceland
have been monitored in three studies (1995, 1999 and 2004).
Results from the first two studies were reported in earlier
AMAP assessments (AMAP, 1998, 2003). A similar suite
of contaminants was measured in all three studies and all
samples were collected from pregnant women during their third
trimester (Olafsdottir, K., pers. comm., 2007). The mean age
of the mothers and the parity did not change significantly over
this period. In 1995, all sampling was conducted in Reykjavik.
In the follow-up studies, sampling was conducted in other
areas, especially coastal villages where seafood consumption
was likely to be above average.

For mothers from all regions of Iceland the concentrations of
p.p—DDE and CB153 decreased significantly between 1995
and 2004 (Table 9). The concentration of oxychlordane is low
and has not changed significantly.

The trend assessment in Table 9 was also carried out only
for Reykjavik, the only city sampled in 1995 and a similar
temporal trend was found for this city alone (data not shown).
A recent food intake survey from 2002 revealed a reduction
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in fish consumption (about 30%) between 1990 and 2002
(Steingrimsdattir et al., 2003). This was especially evident among
young adults, and seems to be the most likely explanation for
the lower contaminant concentrations in the mothers.

Norway

Concentrations of POPs measured in maternal plasma from
northern Norway (Kirkenes and Bode) in 1996 and 2004 suggest
that contaminant concentrations in maternal blood are relatively
low and declining (Table 10). The people in both communities
have a similar exposure to organochlorines due to similarities
in their diet (Odland, J., pers. comm., 2008). Researchers found
that a comparable amount of store-bought food plus ocean and
river run fish is consumed in both communities.

Owing to only two sampling points, possible community
differences and a limited recent sample size it is not possible
to draw firm conclusions concerning trends, however, a large
maternal blood contaminant monitoring program is underway
in northern Norway that will soon allow better conclusions on
changes in the concentrations of these contaminants over time.

Sweden

Studies examining the concentrations of contaminants in
maternal blood were undertaken in the Kiruna region of Arctic
Sweden in 1996 and 2007. The samples consisted of consecutive
pregnant women coming for a prenatal visit to the maternity
ward in Kiruna. The pregnancy was their first, they were aged
between 22 and 33 years, and they had lived in the Kiruna
area for more than 20 years. The mothers were of Sami and
Swedish ethnicity. Because there are no dietary or other social or
environmental differences between these two groups, ethnicity
has no impact on environmental contaminant exposure in the
Kiruna region (Messner, T., pers. comm., 2008).

Contaminant concentrations were mostly low to moderate in
1996 plus CB153 and DDE decreased significantly between
1996 and 2007(Table 11), for example concentrations of DDE
from 84 to 34 pg/kg plasma lipids. Other studies in Sweden have
also found decreasing concentrations of various POPs in breast
milk and have indicated that this may be due to dietary advice
to women indicating that they should limit their consumption
of various fish species (FSB, 2007).

Finland

New data for maternal blood concentrations of organochlorine
pesticides and metals are not available for Finland. Instead,
this section presents the concentrations of organochlorine
pesticides in breast milk from primipara (first-time) mothers
from southern (non-Arctic), central (non-Arctic), and
northern (Arctic) Finland. The breast milk studies took place
between 1987 and 2005, making trend analyses and regional
comparisons possible. Analyses for dioxins, furans and PCBs
were undertaken on the earlier samples, and analyses of the
more recent samples also included DDT and DDE.
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The concentration of CB153 in breast milk from primipara
mothers from both southern and central Finland decreased
markedly between 1987 and 2005 (Table 12). In southern
Finland, there was about a three-fold decrease in CB153 (from
113 pg/kg lipids to 30 pg/kg lipids) and in central Finland about
a four-fold decrease (from 93 ug/kg lipids to 21 pg/kg lipids).
A statistical analysis of the trend was not possible because
the more recent data (2000 and 2005) were only available as a
single analysis of pooled samples. Because the mothers were
all primipara and similar in age, these factors should not affect
the trend. It can also be seen that concentrations of CB153 are
slightly higher in southern Finland than in central Finland.

In 2005, data for DDT, DDE, other organochlorines, and PCBs
in breast milk of primipara mothers from southern, central,
and northern (Arctic) Finland became available (Table 13).
Concentrations of organochlorine pesticides in breast milk were
consistently higher in women from southern Finland (non-Arctic)
relative to those from central Finland (non-Arctic) and northern
Finland (Arctic). The analyses were on a composite basis so only
mean concentrations were available. The highest concentrations
of DDT, DDE, and PCBs were seen in southern Finland and
lower and more similar concentrations were seen in central and
northern Finland.

There was no clear explanation for the differences observed in
organochlorine pesticide concentrations in breast milk between
the southern and the central and northern parts of Finland
(Kiviranta, H., pers. comm., 2007). The difference may be related
to higher contaminant concentrations in the fish consumed
by the women. People living in southern Finland commonly
consume Baltic Sea fish that have higher concentrations of
organochlorine pesticides than the inland lake fish and ocean
fish consumed in central and northern Finland (Kiviranta,
H., pers. comm., 2007). Also, the mothers from the southern
parts of Finland are slightly older than those in the central
and northern parts of Finland.

Russia

The Russian Federation undertook a research project entitled
the Persistent Toxic Substance, Food Security and Indigenous
Peoples of the Russian North, 2001 - 2004 (AMAP, 2004b). This
project was only possible due to the support of the North—West
Public Health Research Centre NWPHRC), AMAP, the Global
Environment Facility (GEF), and the Russian Arctic Indigenous
Peoples Organization of the North (RAIPON). Data published
in the first report on this project (AMAP, 2004b) were mainly
blood data from one of the four participating laboratories and
so represented only a section of the populations investigated.
Additional data from four main Arctic regions, and from
Kamchatka and the Commander Islands, were available for the
present assessment. The first report (AMAP, 2004b) included data
for 220 pregnant women and 240 other adults (men and women)
whereas this assessment presents data for 346 pregnant women and
360 other adults. Additional samples came from archived samples
collected during 2001 to 2003 by the same sampling program.
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The five regions covered in this assessment include the Kola
Peninsula (Murmansk Oblast), the Pechora River Basin
(Nenetskiy Autonomous Okrug), the Taymir Peninsula
(Taymyrskiy AO), the Chukotka Peninsula (Chukotskiy
AO), the Kamchatka Peninsula, and the Commander Islands
(Kamchatskaya Oblast). There are more than 120 settlements
of indigenous peoples within the study area. Ethnic groups
within these settlements (containing a relatively small overall
number of residents) represent almost two-thirds of the overall
ethnic composition of indigenous peoples of the Russian Arctic.
Blood samples were collected for contaminant analyses and
all participants answered dietary and lifestyle questionnaires.

Concentrations of organochlorines in blood for pregnant
women from the Chukotka Peninsula coastal region were
higher than in the other regions (Table14). For example,
concentrations of oxychlordane were more than 30-fold
higher, concentrations of HCB three- to eight-fold higher
and concentrations of f-HCH two- to six-fold higher. The
highest concentrations of PCBs were also found in pregnant
women from the Chukotka Peninsula coastal region. Recently
Dudarev et al 2010 report on a small follow-up study in the
Chukotka region. Seventeen mothers that were included in
2001 were resampled at the birth of a baby in 2007. Many
of the POPs such as oxychlordane and HCB had decreased
between 74 and 19%. These authors hypothesized that this
decrease could be due to a change in diet or a due to breast
feeding but there was no correlation with breast feeding.

Table 14 also shows that the concentrations of DDT (48 ug/kg
plasma lipids) and DDE (452 ug/kg plasma lipids) in pregnant
ethnic Russian women from the Norilsk area were elevated
relative to those in pregnant women from other areas. However,
concentrations of DDE are generally high in all communities.
High concentrations of the parent compound DDT are often
associated with recent use of this pesticide. In Russia, household/
environmental use of insecticides, second- hand use of waste
technical containers and barrels for souring plants and vegetables,
home-made alcohol fermentation, and water storage are possible
sources for the contamination of food during processing in
the household environment and is further outlined in AMAP
2009 Ch. 2.

Concentrations of organochlorines in the blood of the general
indigenous northern population show a very similar pattern to
that for pregnant indigenous women (see AMAP 2009). The
highest concentrations of contaminants were commonly found
in men from the Chukotka Peninsula coastal area (Table 15),
with concentrations greatest in Chukchi and Inuit men. This
‘Chukotka Peninsula pattern’ of contaminants in all groups
studied (pregnant women, and women and men from the
general population) is likely to be due to marine mammal
consumption, but also to the widespread practices in Chukotka
of home- producing alcohol in waste barrels, specific methods
of food conservation (ground pits — due to soil/ground water
contamination), and retail accessibility to Chinese-produced
insecticides (Dudarev, A., 2012).

Men often have higher concentrations of bioaccumulative-
lipophilic contaminants as they may consume more
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contaminated foods, and do not have the ability to excrete
contaminants through lipid transfer during pregnancy or
breast feeding of infants. DDE concentrations are much higher
in men, as expected, and a number of regions also have high
concentrations of DDE (Chukotka Inland, Kola Peninsula,
Taymir Peninsula). Markedly higher concentrations of DDE
were also found in the Aleuts from the Commander Islands.

Breast milk

Table 16 presents the concentrations of various organochlorine
contaminants in the breast milk of mothers from the
Arkhangelsk, Murmansk, and Chukotka regions of Russia.
Concentrations of breast milk contaminants in the Arctic
Russian regions of Arkhangelsk and Murmansk are available
for two periods separated by five to nine years. The Chukotka
data are only available for the period 2001 to 2002. Care must
be taken in interpreting these data because sample size is
limited in some regions.

Concentrations of oxychlordane in breast milk samples (Table
16) were about eight-fold higher in indigenous (Inuit and
Chukchi) Chukotka mothers (41 pg/kg lipids) than ethnic
Russian mothers in the Arkhangelsk (4.9 pg/kg lipids) or
Murmansk (5.2 pg/kg lipids) regions. Although concentrations
were lower in the Arkhangelsk and Murmansk regions they
declined significantly over this period. Concentrations of
p.p- DDE (Table 16) show a different pattern with higher
concentrations seen in the ethnic Russian mothers (710 and 748
pg/kg lipids) than in the indigenous mothers from Chukotka
(225 pg/kg lipids). This pattern of higher oxychlordane
concentrations in Chukotka mothers and higher p,p’-DDE
concentrations in ethnic Russians is also seen in the maternal
blood data (Table 14). As was the case for the maternal blood
data, consumption of marine mammals is likely to be the source
of oxychlordane, and commercial foods or local pesticide use
may be the reason for the increased p,p-DDE concentrations.
The decline in p,p’-DDE and oxychlordane concentrations
may indicate that commercial foodstuffs in Russia have lower
concentrations of these contaminants or that there is less use
of these compounds for local pest control.

The concentration of CB153 in the breast milk of Russian
mothers (Table 16) does not follow the pattern seen in
maternal blood or for oxychlordane in breast milk, where
higher concentrations were seen in coastal Chukotka mothers.
Significant declines in CB153 were seen in both Arkhangelsk
(72 to 49 ug/kg lipids) and Murmansk (116 to 82 ug/kg lipids)
in maternal breast milk and Chukotka mothers had similar
concentrations to those in Murmansk. However, the sample
size is limited so the data should not be over-interpreted as
they may simply represent the range of variability in small
sub-samples of a population.
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Inter-country Comparisons and Temporal
Trends in the Arctic

The sampling of human tissue (blood and breast milk) for
contaminants has taken place in a number of circumpolar
countries since the early 1990s. These data sets provide an
opportunity to assess temporal trends and additional inter-country
comparisons of organochlorines and heavy metals in pregnant
women and in some cases, in adults (both men and women).

This analysis is based on the various population samples available
for each country. The population sampled and the time periods
covered for each country differ, but overall comparisons can be
made. Some countries have two sampling time points, while
others have several. The pattern of declining concentrations in
countries that have two data points are similar to trends seen
among mothers from parts of Arctic Canada and Greenland
where more frequent population sampling took place over a
similar period. The similar patterns strengthen the overall findings
presented in this section.

Maternal blood and breast milk
comparisons

AMAP has generally used blood as the medium of choice for
evaluating human exposure, although in some cases breast milk
has been used where maternal blood data were not available.

The United Nations Environment Programme, in developing a
global POPs monitoring program to support the effectiveness
evaluation of the Stockholm Convention, identified blood, milk,
and adipose tissue as essential indicators for human exposure
evaluation (UNEP, 2003).

Although breast milk is useful in specific instances, notably when
evaluating perinatal health risks, it suffers from several limitations
that make it less than ideal for population exposure monitoring.
Because concentrations in breast milk can only be determined
after the birth, in utero exposure is not addressed. Also, because
not all environmental contaminants are found in breast milk, child
exposure from other sources may go unnoticed. Additionally, in
some cultures, women are unwilling to provide breast milk, but
will provide blood samples.

Blood monitoring has a number of other advantages over breast
milk in evaluating population exposure. Blood is universally
available from all members of a population; men, women and
children all of whom are exposed to contaminants through
diet (during and after breast-feeding in the case of infants and
children) or from their immediate environment. Blood is easy
to collect using standard techniques known to local health care
workers (little training required) and cross contamination is rare.
Blood concentrations accurately reflect the body burden of most
contaminants, whether lipophilic, protein-bound, or ionic. For
weakly lipophilic compounds, concentrations are much higher
in blood than in milk. As an example, perfluorooctane sulfonate
(PFOS) serum concentrations were found to be 100-fold greater
than breast milk concentrations in paired maternal-newborn
samples (Karrman et al., 2007a). For lipophilic compounds,
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which include most POPs, blood concentrations expressed
on a lipid basis are well-correlated with concentrations in
other compartments such as stored fat and breast milk. Blood
concentrations obtained from pregnant women enable public
health action, if required, during the pregnancy when the fetus
is very susceptible to damage. Occupational and environmental
exposure guidelines based on blood concentrations exist for
many compounds.

Concerns that have been expressed regarding transmission
of infectious diseases through handling of blood are not
warranted. Blood samples are drawn and processed safely
by thousands of health workers daily. Issues related to blood
handling have been addressed by health practitioners world-
wide through the use of universal precautions and appropriate
transportation and storage protocols. Measurement of
contaminant concentrations in blood can be performed with
accuracy and adequate sensitivity. Previous studies have shown
avery high correlation between maternal blood concentrations
of organochlorines and breast milk concentrations in individual
mothers, but these are separate population samples and it is
very encouraging that they lead to very similar conclusions
on regional concentrations and trends (Ayotte et al., 2003;
Anda et al., 2000b).

In conclusion, blood and breast milk are both useful
and complementary media for monitoring environmental
contaminants. With regard to blood, the focus on QA/QC
related to the AMAP human health monitoring has been
highly successful and has made inter-regional and time-
trend evaluations meaningful for Arctic residents, scientists,
and policy makers and as a component of the Stockholm
Convention efforts to evaluate its effectiveness.

Persistent organic pollutants

The results of recent biomonitoring studies reported in this
chapter suggest that the concentrations of certain POPs (e.g.,
oxychlordane, DDE) are two- to ten- fold higher among Inuit
living in eastern parts of the Canadian Arctic (Baffin and
Nunavik) and Greenland compared to other populations
in the Arctic (Norway, Sweden, Iceland, Dene-Métis from
Inuvik Canada, see Figures 6 to 9), as was seen in previous
assessments (AMAP, 1998, 2003). There are several cases where
various organochlorines are similarly elevated in specific
regions of Russia. For oxychlordane and CB153, the highest
concentrations were found in maternal blood of Inuit and
Chukchi living in the Chukotka Peninsula coastal region.
These concentrations were slightly higher than the more recent
concentrations among Inuit mothers from Arctic Canada and
Greenland but not as high as some of those seen in the 1990s
from these regions. Data for organochlorines in Inuit men
are also available for Canada, Greenland, and Russia (Tables
4, 8, 15). The highest concentrations of oxychlordane and
CB153 were seen in Qaanaaq, Greenland. These varying inter-
country comparisons indicate the need for further time trend
and regional monitoring. In Russia, the DDE concentrations
in maternal blood were elevated in non-indigenous (ethnic
Russian) and indigenous populations. The highest DDE
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concentration (452 pg/ kg plasma lipids) was found among
pregnant ethnic Russian women in the Norilsk area (Figure
6) This elevation of DDE in the Russian population is likely
to be due to the use of DDT in the commercial Russian food
supply or its use for residential or environmental pest control.

As shown in Figures 6 to 9, the data sets suggest that
concentrations of legacy POPs have decreased in many
populations compared to the data presented in the two
previous AMAP assessments (AMAP, 1998, 2003). Notable
decreases occurred in concentrations of oxychlordane, DDE
and CB153 in maternal blood of Inuit living in parts of the
eastern Canadian Arctic (Baffin and Nunavik) and Disko
Bay in Greenland.

There are exceptions to the overall decreases in POPs
concentrations in maternal blood samples in the circumpolar
region. In Nuuk, Greenland, where only intermediate
concentrations of contaminants were found in mothers during
the 1990s, due to lower marine mammal consumption, annual
changes are variable and there has been no significant decline
in the concentrations of oxychlordane, DDE and CB153.
People living in Nuuk have always had greater access to store-
bought food and may not have changed their marine food
consumption as much as other communities where people
relied more heavily on traditional marine foods.

Dietary studies help to interpret trends in POPs concentrations in
human populations. Unfortunately, dietary studies were not carried
out in parallel with many of the contaminant trend assessments.
Initial dietary trend analyses have been assessed in the Inuvik
region of Canada and Disko Bay in Greenland and provide
support for the changes in maternal contaminant concentrations.
In the Inuvik region, Inuit mothers were eating more fish that
have lower concentrations of contaminants, (see AMAP 2009
for further details) and less marine mammal fats (which have
higher concentrations of contaminants). In Greenland, mothers
are also eating smaller amounts of the more highly contaminated
marine mammals, which supports the declining trends observed
in maternal contaminant concentrations.

The more moderate decrease in organochlorine concentrations
in Norway, Sweden, Iceland, and Finland is likely to be due to
the banning and/or restriction of many of these compounds in
these regions during the 1970s, and the resulting decline in the
concentrations of these contaminants in the commercial/store-
bought food chain. In Russia, the results of this assessment
suggest that exposure to several organochlorines could be
associated with household or environmental use of insecticides,
possible use in the commercial food supply, or contamination
during food processing.

The breast milk studies carried out in Finland and Russia
complement the data in the maternal blood studies. Breast milk
studies are available for southern, central and northern Finland
and the Murmansk, Arkhangelsk, and Chukotka regions in
Russia. As shown in Figures 10 to 12, for the cases where two
time points were available in Finland and Russia, there was a
decrease in concentrations of oxychlordane, DDE, and CB153
as was seen elsewhere in the Arctic in maternal blood. Also,
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the highest concentrations of DDE occur in ethnic Russian
mothers as was seen in the maternal blood comparisons.

Emerging contaminants of concern for
humans in Arctic regions

In addition to the legacy POPs discussed in the previous
section, a growing number of other compounds are being
detected in humans from the Arctic regions of the world.
Some of these are fairly ‘new’ compounds whereas others
have been around for decades but have only recently been
detected due to advances in analytical techniques. This new
biomonitoring and additional toxicological / epidemiological
work has indicated that a number of these compounds raise
significant human and environmental concerns. The boundary
between legacy POPs and emerging compounds is very much
an overlapping spectrum and it will be possible for a much
more integrated discussion in future assessments. The main
compounds addressed in this section are the brominated
flame retardants and the perfluorinated compounds (PFCs),
in particular the polybrominated diphenylethers (PBDEs),
perflourooctane sulfonate (PFOS), and perflourooctanoic
acid (PFOA). Until recently, there were few data available on
human concentrations of these compounds.

Alaska, United States

The PBDE and perfluorinated compound data from Alaska
shown in Table 17 comprise data from two different
communities. The concentrations of PBDEs determined in
the Yupik peoples from the Yukon Kuskokwim River Delta
are the highest reported in this assessment and are thus the
highest known human PBDE concentrations in the Arctic.
These concentrations are similar to those seen in national
surveys in the southern United States. BDE47 is clearly the
predominant congener. The PFOS data were measured in a
different community to the PBDEs and the concentrations
appear to fall within the lower range of the data presented in
this assessment.

Canada

Data for Canada are available from three regions: Nunavik data
are presented in Table 18 and data from the Inuvik and Baffin
regions are presented in Table 19.

In all three communities, the predominant PBDE was BDE47,
but for men from Nunavik, BDE153 concentrations were only
slightly lower than for BDE47. Concentrations of BDE47 seemed
comparable for all three regions (the mean for all communities
was about 6 ug/kg lipids) with the exception of the non-
indigenous community from Inuvik for which concentrations
were slightly higher (mean about 11 pg/kg lipids); however,
only six samples were analyzed from this population so firm
conclusions were not possible.

In Nunavik, a wider range of brominated compounds were
measured, including BDEs 47, 99, 100 and 153, but only BDEs 47 and

38

153 were detected in more than 50% of samples with concentrations
ranging from less than the detection limit to 343.5 pg/kg lipids
and 134.6 pg/kg lipids, respectively. PBB153, pentabromophenol
(PBP), TBBPA as well as two tetrabromophenols were measured,
but only 2,3,4,6-TBP was detected in more than 50% of samples
with concentrations ranging from 1 ng/L to 1395 ng/L. PFOS, a
perfluorinated compound, was measured and detected in the blood
of all participants. Mean concentrations were 21 ug/L plasma, 16
ppg/L plasma and 13 pg/L plasma in men, women, and women
of childbearing age, respectively.

Seventeen hydroxylated metabolites of PCBs, PBDEs, and
heptachlorostyrene were measured; all except 2-OH-BDE68,
2-OH-BDE75 and 4-OH-CB193 were detected in more than 50%
of samples. The most abundant metabolites were 4-OH-CB107,
4-OH-CB146 and 4-OH-CB187.

Blood concentrations of PCP, BDE153 and PFOS were signifi-
cantly higher in men than women (p <0.001), whereas BDE47
concentrations were similar in both genders (p = 0.284). There
was a significant increase in concentrations of PCP (p = 0.004)
and PFOS (p < 0.001) in relation to age group, with the highest
mean concentration found in people aged 45-74 years. BDE47
did not show an age-related change in concentration (p
=0.081), whereas BDE153 showed a non-significant increase
with age (p = 0.061). Slightly higher concentrations of BDE47
were found in women aged 18 - 39 years, but this difference
relative to other age groups was not statistically significant.

In Nunavik and southern Quebec, breast milk samples
collected in 1990 were archived and newer samples
collected in 2002 (Pereg et al., 2003). All samples
were analyzed at the same laboratory in 2003 and in
the same laboratory that conducted the other PBDE analyses
reported in this assessment. BDE47 was the predominant
congener in the breast milk samples. The sum of PBDE
congeners in breast milk for these two populations increased
between these two dates but to a much greater extent in
the southern Quebec population (Figure 13). This increase
is similar to the increasing concentrations seen in many
southern populations in North America over the 1990s,
but the difference in concentration between Nunavik and
southern Quebec mothers should not be over-interpreted, as
there were only ten mothers from Nunavik in each sampling
period (1990 and 2002). Also, the report by Pereg et al. (2003)
only supplied limited information on these groups.

Data have recently become available for PFOS in the blood of
women of childbearing age from Nunavik, which indicate a marked
decline in concentration since 1992. In 1992, 2004, and 2007,
mean concentrations of PFOS dropped from 21 (8 - 130) ug/L
plasma, to 11 (3 - 20) pg/L plasma, to 5.9 (1.5 - 15) pg/L plasma
(Pereg, 2008), respectively. The study reported a significant annual
decline over this period on both an adjusted (age and region) and
unadjusted basis although the comparability of all the age groups
to the 1992 baseline survey was not fully outlined in the 2008
report. This decline in PFOS concentrations is similar to declines
seen in other southern populations following the 2000/02 phase-
out of perfluorooctanesulfonyl-fluoride- based materials by the
primary global manufacturer, 3M Company (Olsen et al., 2007b).
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Potential associations between PCP, BDE47, BDE153 and PFOS
concentrations with traditional food consumption were also
investigated in the Nunavik study. Consumers of marine mammal
fat have significantly higher concentrations of PFOS (p = 0.0001)
and slightly higher concentrations of PCP (p = 0.05) than non-
consumers. However, consumption of marine mammal fat was not
positively associated with plasma concentrations of BDE153 and
BDE47. Consumers of marine mammal fat have significantly lower
BDE47 blood concentrations (p = 0.03) than non-consumers.
Blood concentrations of PCP, BDE47 and BDE153 were not
associated with consumption of country fish expressed in quartiles,
whereas PFOS concentrations increased with quartile of fish
consumption (p < 0.0001). However, there is no difference in
PFOS mean concentrations between the third and fourth quartile
of fish consumption.

Greenland

At the time of the AMAP 2009 assessment there was no data
on emerging contaminants in people.

Long et al 2012 published new data on PFCs in Greenlandic
men and women. They measured 10 PFCs in plasma samples
from 284 Greenlanders (142 from Nuuk and 142 from nine
other smaller communities) collected between 1997-2006. They
have compared genders and communities by concentration of
the various PFCs. The data was presented separately as Nuuk
and non-Nuuk since large differences between Nuuk and other
smaller districts were observed. Although relatively few men
were sampled in Nuuk (n=>5), men within each district had
higher concentrations of PFOS and PFOA than females. The
serum median concentrations of PFOS and PFOA among
Nuuk residents were higher than those seen in non-Nuuk
communities (30ng/ml and 2.6 ng/ml compared to 12 ng/ml
and 0.9 ng/ml, respectively). The PFOS values reported here
are similar to those reported from Inuit men and women in
Nunavik, Canada in 2004 (AMAP 2009). Interestingly the
authors found a strong correlation of age and n-3/n-6 fatty
acids (measure of marine mammal consumption) with legacy
POPs but only a weak correlation with PFCs. Long et al 2012
was also able to look at the change of PFOS concentration in
Nuuk residents (n=142) between 1997 and 2006 and found a
statistically significant increase of 2.2 % per year among women
(too few men to analyze).

The higher concentrations of PFCs in Greenlandic men found in
Long et al 2012 was supported by a recent study only including
men using samples collected in 2001/02 compared Greenlandic
Inuit men to men from Poland and Ukraine and found markedly
higher concentrations of PFOS in the Inuit men (52 pg/L serum)
than those seen in men from Poland and Ukraine (19 and 8.1
ug/L serum, respectively) (Lindh et al. 2012).

Faroe Islands

No new data are presented in this assessment for the Faroe
Islands; however, a recent paper published is cited in the
discussion (Weihe et al., 2008).
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Norway

Maternal data from Bode are presented in Table 20. Maternal
plasma samples were collected and analyzed for PBDEs in 2004
and 2006. The 2006 study was initiated in order to sample larger
volumes of plasma so as to enable a proper determination of the
nona and deca brominated congeners. In 2004, the predominant
PBDE congener was BDE47 together with BDE153 (with no data
for BDE209). In 2006, the predominant congener was BDE209
together with BDE207. It should be emphasized that the uncertainty
for the higher brominated PBDEs is greater than for the lower
brominated PBDEs (it should be noted that BDE209 is very
susceptible to contamination issues). Nevertheless, concentrations
were well above blank values and thus indicate their presence in the
Norwegian human samples. Besides the nona and deca congeners,
the predominant congeners were BDE47 and BDE153, which had
comparable concentrations to each other (mean about 1 pg/kg
lipids). TBBPA concentrations were extremely low and detected in
only 30% of samples, with no values above the limit of detection.

The predominant perfluorinated compound was PFOS (mean
16 pg/L plasma, and with a narrow range of 9.0 to 29 ug/L
plasma). This was followed by PFOA which was present at
much lower concentrations (mean 2.3 pg/L plasma, range 1.7
to 7.0 ug/L plasma). PCP was detected in all samples but at
very low concentrations (mean 1.1 pg/L plasma).

Sweden

The Swedish data for PBDEs and perfluorinated compounds
in 25 maternal plasma samples are presented in Table 21. The
women had lived for more than 20 years in the Kiruna area and
for all women this was their first delivery. PBDE concentrations
were all low with most congeners below the detection limit for
the majority of samples. The predominant congener was BDE47
(mean < 1.6 pg/kg lipids). The maximum value for BDE153
was slightly lower than the maximum for BDE47. BDE209 was
not determined. PFOS was detected in all samples (mean 8.1
pg/L plasma). PFOA concentrations were considerably lower
(mean 1.6 pg/L plasma).

Finland

The only data available on emerging contaminants in Finland
were for PBDEs in breast milk. Considering the good
comparability of lipid-adjusted data in different matrices, the
data are included in Table 22. The data are from pooled samples,
and so there are no indications of ranges in concentration for
the different congeners. Pooled samples from northern, central,
and southern Finland were analyzed separately. Concentrations
were low with BDE47 the predominant congener (mean about
2 ug/kg lipids). There seemed to be no differences between the
three regions in terms of concentration, except for BDE153 that
seemed higher in the sample from northern Finland, where it
was only a little lower than for BDE47.

HBCD was also measured in the samples from northern and
central Finland and all concentrations were below the detection
limit (< 0.4 pg/kg lipids).
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Russia

Human data presented in this assessment are from maternal
samples from Taymir and Naryan Mar (Pechora River basin)
(see Table 14).

Samples collected in 2002 from Naryan Mar and Taymir were
analyzed together with the samples from Bode (Norway) in
2004/05 as part of a pilot study on emerging contaminants.
The results are presented in Table 23. The PBDE concentrations
were all low with the majority of congeners below the detection
limit in most samples; this was especially the case in Naryan
Mar where even the mean concentration for BDE47 was <
0.6 pg/kg lipids. BDE209 was not measured in these samples
due to limited sample volumes. The predominant congener
in the samples from Taymir was BDE47 (mean 1.0 pg/kg
lipids). TBBPA was below the detection limit in all samples
from both communities. Concentrations of PFOS were higher
in Naryan Mar (mean 16 pg/L plasma, range 5.0 to 49 ug/L
plasma) than in Taymir (mean 9.3 pg/L plasma, range 5.1 to 14
pg/L plasma). PFOA concentrations were lower and comparable
in the two communities. Recently Hansen et. al. 2013 reported
similar concentrations of PFOS in maternal plasma (median
11, 5.5-15 pug/L plasma) from Norilsk, a heavily industrialized
city of the Russian arctic, which was markedly higher than
concentrations found in mothers from Uzbekistan (a southern
part of the former Soviet Union). It was also interesting to note
that these authors found markedly higher concentrations of
perflouoroctane sulphonamide (FOSA) in whole blood versus
plasma (2.05 vs 0.33 pg/L).

Circumpolar Comparisons

Polybrominated diphenylethers

Elevated human concentrations of PBDEs are now reported
in the Arctic, but these findings seem to be limited to Alaska
(U.S. Arctic). Levels in mothers for all other countries reporting
PBDE concentrations in this assessment are considerably lower
with concentrations from the European Arctic being the lowest
(Figure 14). The concentrations reported from Alaska are
comparable to, or even somewhat higher than, those recently
reported for the general U.S. population (Sjodin et al., 2008).

The mean BDE47 concentration in Alaska (Yupiks) was
reported to be 26 ug/kg lipids, which is considerably higher
than that reported for the Canadian arctic communities, with
mean concentrations of 6 to 11 pg/kg lipids. Concentrations
in the European Arctic are considerably lower, with mean
concentrations for BDE47 in the range < 0.6 to 2.2 ug/kg lipids.
Within Canada, concentrations seem slightly higher in the non-
indigenous population from Inuvik compared to Dene-Métis
and Inuit from the Inuvik, Baffin and Nunavik regions, although
the sample size among non-indigenous northern Canadians is
quite small. Concentrations in Norway, Russia, and Finland
are comparable, even though the Naryan Mar data seem
slightly lower than for the other populations. Again, these
concentrations are all low and close to detection limits, and
are thus associated with greater uncertainty. The predominant

40

PBDE is still BDE47, but data from Norway indicate that BDE209
is found in comparable concentrations to BDE47. The finding
of elevated concentrations of BDE209 together with BDE207
is supported by a Swedish study where high concentrations of
BDE207, together with BDE209 and BDE47, were observed
(Karlsson et al., 2007). Despite the higher uncertainty associated
with BDE207 and BDE209, this clearly indicates the need to
determine this compound in future assessments.

The ratio of BDE153 to BDEA47 is highly variable between the
countries, with BDE153 concentrations constituting only 25%
of BDE47 concentrations in the Alaskan data. In other countries
like Norway and Canada, concentrations are comparable.
The reason for this could be that the diet constitutes a larger
proportion of the exposure for people that are exposed to
lower concentrations. As indicated by Sandanger et al. (2007),
the proportion of BDE153 in these individuals is higher than
in the more exposed individuals through products, dust etc.
Another reason for this is possibly the difference in half lives
(6.5 years for BDE153 compared to 1.8 years for BDE47;
Geyer et al., 2004), resulting in a slower decrease in BDE153
concentrations after the phase-out of the penta and octa
mixtures. This is supported by the findings in Nunavik where
the men had significantly higher BDE153 concentrations than
the women. The men also consumed more traditional food
and thus a larger proportion of BDE153. The differences in
exposure to the different mixtures in different countries may
also contribute to higher concentrations of BDE47 relative to
BDE153. Therefore, a shift towards BDE153 and a decrease in
BDE47 is expected in the most remote Arctic communities
where exposures are more related to the food chain. Others
have also reported that there seems to be a general trend with
increasing proportions of BDE153 in populations with non-
occupational exposure (Thuresson et al., 2006a).

There are few available data on trends in these compounds
in humans from the Arctic. An increasing trend in PBDE
concentrations has recently been demonstrated in Nunavik
(Canada). In contrast, concentrations are reported to be
leveling off or decreasing in the southern parts of Sweden
and Norway. For the more persistent congeners like BDE153
it might take longer before a similar decline occurs because
this will dominate in the marine food chain.

The limited human data on TBBPA and HBCD show that
concentrations are still low and mostly undetected (Knutsen
et al., 2008; Thomsen et al., 2008).

Perflourinated compounds

The main perfluorinated compound reported here is PFOS with
only limited data on PFOA. Discussions are therefore focused on
PFOS. It should be noted that this is a compound with greater
analytical uncertainty than the legacy POPs. There is reason to
believe that the estimated concentrations are associated with an
uncertainty of 10 % to 40 % depending on the laboratory. PFOS
and PFOA were only recently introduced in the AMAP ringtest.
In addition, PFOS is not associated with lipids and thus only wet
weight concentrations of this compound are considered here.



AMAP Technical Report No.7 (2014)

Of all the contaminants reported in this assessment, PFOS is
currently the predominant compound in human plasma. The
maximum concentration reported in this assessment is 470 pg/L
plasma found in an Inuit male from Nunavik.

Even though it is by far the predominant compound in plasma,
the fact that PFOS is not associated with lipids implies that the
total burden of PFOS might not be higher than the more lipid-
soluble compounds (legacy POPs). However, this has not been
completely evaluated and PFOS is also associated with organs
such as the liver.

The geographical distribution of human PFOS exposure across
the Arctic provides no clear spatial distribution or distinct
differences between countries (Figure 15). In addition, sample
size for most countries is limited, reducing the availability of firm
conclusions. However, concentrations reported from Sweden,
Alaska, and Naryan Mar (Russia) (mean concentrations 8.1 pg/L
plasma, 7.4 pg/L plasma, and 9.3 ug/L plasma, respectively) seem
slightly lower than the majority of the other concentrations. The
highest mean concentration (20.6 pg/L plasma) was reported
among men from Nunavik. It should be noted that in Nunavik,
a larger number of individuals was assessed than in any of the
other communities and countries. All mean concentrations
(women) for PFOS reported here were lower than the mean
concentration of 18.4 pg/L plasma reported for U.S. women
above the age of 12 (Calafat et al., 2007). In comparison, the
median value reported for 12 Faroese women was 23.7 ug/L
plasma (Weihe et al., 2008). This indicates that human plasma
concentrations in the Faroe Islands are higher than any of the
other means reported here. Initial time trend data for women
of childbearing age in Nunavik suggest PFOS concentrations
are decreasing; this is in contrast to recent data from Nuuk,
Greenland that indicate an increasing concentration between
1997 and 2006. A recent study using samples collected in
2001/02 compared Greenlandic Inuit men to men from Poland
and Ukraine and found markedly higher concentrations of
PFOS in the Inuit men (52 pg/L serum) than those seen in
men from Poland and Ukraine (19 and 8.1 pg/L serum,
respectively) (Lindh et al. 2012). This study found that for
Greenlandic men’s marine food consumption and tea intake
were important determinants of PFOS concentration, though
all the determinants only explained 22% of the variation. The
PFOS concentrations cited by Lindh et al 2012 for Greenlandic
men are higher than any other population presented here.
The German laboratory that undertook these analyses did not
indicate that it participated in the AMAP round robin but it
did indicate that it participated in another inter-laboratory
comparative study on PFCs and attained good results.

For Nunavik, gender-specific data indicated that men had
significantly higher concentrations of PFOS than women from
the same communities. Significantly higher concentrations among
men are in accord with the findings by Calafat et al. (2007).

The range of PFOS exposure in the different populations is
narrow compared to other contaminants, with considerable
uncertainty linked to the possible routes of exposure. Dietary
data were only available from Nunavik, where increasing
concentrations of PFOS were associated with the consumption
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of fish and marine mammal meat. Marine mammal meat was
also identified as a source of PFOS exposure in a recent study
on the Faroe Islands (Weihe et al., 2008). Fromme et al. (2007a)
summarized the overall exposure assessment for adults, and
concluded that dietary exposure is the dominant intake pathway
for both PFOS and PFOA for the western European population.

Another issue regarding PFOS in humans is the reported
differences in isomer patterns in different populations (Karrman
etal.,2007b). This difference was also apparent when comparing
isomers in samples from Taymir and Naryan Mar (Russia) and
Bodg (Norway). In the samples from Naryan Mar, the branched
isomers had comparable intensity to the linear isomer. The women
from Naryan Mar were also more exposed than the women from
Taymir; women from Naryan Mar do have a higher intake of fish
but there are few data on this and a small sample size.

The isomeric patterns still require investigation and future data
should be isomer specific, if possible. It is unclear if people are
reporting PFOS concentrations as a sum of the isomers, or only the
linear isomer that dominates the standard and technical mixtures.

Powley et al. (2008) found branched/linear distributions of
PFOS in fish and seals in the western Canadian Arctic that were
markedly different from each other and from the expected isomer
distribution found in technical grade PFOS. It was suggested
that branched PFOS was eliminated significantly faster in seals
than linear PFOS if their diet consisted primarily of Arctic cod,
because the branched isomer content of PFOS in Arctic cod was
approximately 50% (relative peak areas), but only 4% in seal
matrices. Powley et al. (2008) concluded that biological monitoring
does not reflect the exposure concentration isomer ratios and that
differential pharmacokinetic behavior plays an important role in
the observed patterns in biological samples.

PFOA data are only available from Norway, Russia, and
Alaska. The data from these countries are comparable and
the concentrations are considerably lower than for PFOS.
Nevertheless, compared to legacy POPs, concentrations are
high, which is of concern considering that higher concentrations
of this compound are reported in cord plasma than maternal
plasma. More data on PFOA are required to understand both
trends and spatial distribution.

Pentachlorophenol and hydroxylated PCBs

There are no international intercomparisons or certified
reference materials available for the determination of PCP
and OH-PCBs in human plasma, increasing the uncertainty
of the data. This should be considered when comparisons are
made. There are also limited data available.

PCP data are only available from Canada, Norway, and Russia
where PCP is detected in all samples. PCP concentrations in
Nunavik (Canada), Bode (Norway), and Taymir and Naryan
Mar (Russia) seem comparable, with a slightly higher mean
concentration among the Russian data. There is also a broad
range of values in some of the communities, indicating large
differences in exposure. Elevated concentrations of PCP are
detected in humans throughout the Arctic, but data are still
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limited geographically and exposure routes and time trends
are not elucidated.

Data on the OH-PCBs are only available from Canada
and Russia. In Canada the concentrations OH-PCBs are
considerably lower than for PCP. The only Arctic comparison
is the data from Uelen (Russia) presented by Sandanger et al.
(2004), where the concentrations were considerably higher.

Of the hydroxylated compounds determined, PCP predomin-
ated in all populations except among the Chukchi from Uelen,
where concentrations of some of the OH-PCBs were found
to be higher. The samples were from both men and women
and the median concentration of the predominant OH-PCB,
4-OH-PCB107, was reported to be 1.67ug/L plasma. This is
considerably higher than reported among the Inuit (Nunavik)
in this assessment, where the mean concentration was 0.16
pg/L plasma for this congener. The maximum concentration
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reported among the Inuit for this congener was 3.2 ug/L
plasma, and comparable to the maximum concentration
among the Chukchi from Uelen (3.95 pg/L plasma), indicating
a broad exposure range. The ratio of OH-PCBs to PCB has
in the majority of studies been reported to be approximately
0.1 to 0.2 or even less. In Uelen (Russia), the median ratio
was, however, as high as 0.4 and several unknown OH-PCBs
were detected (Sandanger et al., 2004). This indicates that
there is still limited knowledge of these metabolites in the
Arctic and that there also seem to be large differences between
populations within the Arctic. Further assessments are needed
in relation to health studies, although a full monitoring
program is not required.

The AMAP HHAG is undertaking a new assessment of the
human exposure to environmental contaminants and the
possible human health impacts in the circumpolar arctic. This
report will be available in 2015.
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Table 1. Concentrations of POPs in maternal blood (ug/kg serum lipid) from Alaska, by region and ethnic group. Data show geometric mean (and

range) for specified period of sampling. (Source, Berner J., pers comm. 2008)

North Slope Arctic Coast Yukon-Kuskokwim River Delta Region
IAupiat IAupiat Yupik Yupik
1997 1999 - 2003 1999 - 2003 2004 - 2006
25.5° 25° 26° 26.4°
n=20° n=43" n=106° n=206"°

Oxychlordane 9.9 21 29 12(1.5-234)
Trans-nonachlor 11 38 53 21 (1.75-310)
p,p'-DDT 3.7 5.2 6.4 34(1.15-23)
p,p"-DDE 118 68 135 124 (3.1-777)
DDE:DDT 29 13 21
HCB 28 6.7 14 22(2.35-188)
B-HCH¢ 7.9 7.0 6.7 7.7 (1.1-138)
Mirex 1.5 8.8 24 3.3(1.1-36)
Toxaphene

Parlar 26 na 1.1¢ 2.0¢ 3.2(1.1-27.4)

Parlar 50 na 08¢ 1.4¢ 2.7(1.0-20.3)
PCBs

CB118 na na na 5.6 (0.4 -78)

CB138 12 13¢ 35¢ 14 (0.2 -221)¢

CB153 19 8.6 17 24 (0.75-416.5)

CB180 6.8 na na 10(0.35-192)

na: Not available.

2 Average age of group sampled; ® number of individuals sampled; <results performed on a total of 24 pooled specimens; 12 from the Arctic Coast and
12 from the Yukon-Kuskokwim River Delta; ¢information that was received as this assessment was about to go to press indicated that an error in the
standard for 3-HCH would cause these values to be approximately 35% higher than the actual value;®sum of CB138 + CB158.

Table 2. Contaminant concentrations (ug/kg plasma lipids for POPs) in Dene-Métis, Inuit and Caucasian mothers from the Inuvik region, NWT, Ca-
nada. Data show geometric mean (and range) for specified period of sampling. Source: baseline study (Tofflemire, 2000), follow-up study (Armstrong

et al., 2007).
Dene- Métis Inuit Caucasian
Baseline Follow-up Baseline  Follow-up Baseline Follow-up
study study study study study study
1998 -1999 2005 -2006 1998 2005 1998 2005
24 24 Significant 23 26 Significant 31 32 Significant
(18-35)2  (16-36)* difference, (15-37)2 (17-38)® difference, (19-45)  (23-40)* difference,
p <0.05 p <0.05 p<0.05
n=42b¢ n=17b¢ n=31° n=>52° n=21° n=6"°
Oxychlordane 44 1.6 SD¢ 18 8.7 SDf 4.1 1.3 SDf
(1.0-25) (0.29-5.0) (24-108) (0.29-117) (19-87) (0.59-3.4)
p,p-DDE 64 35 SDe 125 76 SDf 64 38 nsh
(23-222) (13-1417) (44-491) (53-867) (26-189) (18-111)
Toxaphene, 1.7 0.46 SD¢ 6.8 29 SDf 1.1 0.36 SDf
parlar 50 (096-79) (0.29-2.2) (0.77-53) (0.29-75) (0.83-14) (0.29-1.1)
CB153 16 5.9 SDf 30 17 SDf 12 4.3 SDf
(3.2-130) (0.59-34) (6.5-105) (0.59-152) (3.5-32) (20-9.0)

2 Arithmetic mean age and range of group sampled; ®number of individuals sampled.; <organochlorines; ¢SD (p = < 0.05 - 0.01);fSD (p = <0.01 - 0.001);
9SD (p =0.001 - <0.0001); "not significant (p > 0.05).
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Table 3. Trends in contaminant concentrations (pg/kg plasma lipids for POPs) in pregnant Inuit women from Nunavik, Québec, Canada. Data show geome-
tric mean (and range) for specified period of sampling. Source: 1992 (Santé Québec, 1994), 1996 — 2001 (Dallaire et al., 2003), 2004 (Dewailly et al., 2007a,b),

2007 (Pereg et al., 2008).
1992 1996 1997 1998 1999 2000 2001 2004 2007 Significant
24 (18 24 25 (15 25 26 26 27 27 24 difference,
(17-39) (17-39)* (18-42)° (18-37)* p<0.05%f

-35)° (17 -34)2 -41)2 (15-37) (17-36)°
n=11° n=25"° n=>53" n=46>< n=26>< n=36° n=20>¢< n=29bc n=na

Oxychlordane 77 41 48 34 47 40 36 35 22 0.004
(32-244) (6.1-177) (86-390) (7.0-342) (15-138) (7.5-207) (8.2-130) (7.1-230) (<DL-182)
p,p-DDE 636 287 369 266 287 274 226 231 150 <0.0001
(292-1567) (71-1022) (59-1444) (67-2269) (142-901) (64-1328) (54-1685) (55-933) (30-718)
CB153 172 105 125 83 115 97 82 72 40 <0.0001
(71-287) (19-409) (23-612) (27-709) (29-473) (15-499) (16-417) (16-253) (45-218)

2 Arithmetic mean age and range of group sampled; ®number of individuals sampled; organochlorines; ¢ special analysis, Pereg, D. pers. comm. (2007); fusing
anova adjusted for age and region (Hudson or Ungava), regression adjusted for age and region (Hudson or Ungava) and smoking status (smoker, ex-smoker,

non-smoker).

Table 4. Contaminant concentrations (ug/kg plasma lipids for POPs) in Inuit women and men from Nunavik, Quebec, Canada. Data show geometric
mean (and range) for specified period of sampling. Source: 1992 (Santé Québec, 1994), 1994 (Dewailly et al., 2007a,b).

Inuit women Inuit women Significant Inuit men Inuit men Significant
1992 2004 difference, 1992 2004 difference,
35(18-73)° 37(18-74)° p<0.05¢ 36 (18-74)° 37(18-74)° p<0.05¢
n=282° n=498° n=210° n=408°
Oxychlordane 115 66 p <0.0001 138 66 p < 0.0001
(5.0-1957) (2.3-2692) (1.9-2849) (0.93 - 1608)
p,p-DDE 1001 467 p < 0.0001 1195 461 p < 0.0001
(97 - 14597) (27 - 8306) (115-11330) (13 -8306)
CB153 263 158 p < 0.0001 340 189 p < 0.0001
(27 - 2452) (5.7 -5805) (14 -2865) (6.3 -3428)

na: Not available.
2 Arithmetic mean age and range of group sampled; ® number of individuals sampled; <Dewailly et al. (2007a).

Table 5. Contaminant concentrations (ug/kg plasma lipids for POPs) in Inuit mothers from the Baffin Region, Nunavut Territory, Canada. Data show geome-
tric mean (and range) for specified period of sampling. Source: baseline study (Butler-Walker et al., 2003, 2006), follow-up study (Potyrala, M., unpubl., 2008).

Significant difference,

Baseline study Follow-up study

1997 2005 - 2007 p<0.05

24 (15-39)° 24 (15-39)°
n=30° n=99°

Oxychlordane 69 26 < 0.0001
(12 -264) (4.8-216)

p,p’-DDE 248 128 <0.0001
(70-719) (17 -672)

Toxaphene, parlar 50 15 8.6 0.0008
(3.9-73) (0.93-97)

CB153 121 42 < 0.0001
(33 -355) (6.2 -276)

2 Arithmetic mean age and range of group sampled; ® number of individuals sampled.
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Table 6. Trends in contaminant concentrations (ug/kg plasma lipids for POPs) in pregnant Inuit women from Disko Bay, Greenland. Data show geometric
mean (and range) for specified period of sampling. The statistical analysis was a linear regression using log variables adjusted for age. Source: Deutch
and Hansen (2000), Deutch et al. (2007), Deutch unpubl. data.

1994 1995 1996 1997 1999 2006 Significant
25 27 27 25 25 27 difference,
(20-35)2 (20-35)2 (20~ 35)2 (20 - 34)° (20-34)° (21-35)2 p <0.05
n=9° n=94"b n=63° n=12° n=21° n=20°
Oxychlordane 61 63 55 58 40 20 p < 0.0001
(8.5-289) (2.7-417) (2.5-241) (4.0 -190) (1.9-148) (3.8-67)
p,p-DDE 477 408 342 453 269 178 p < 0.0001
(224-986) (63-2216) (61-1246) (142-2023) (75-692) (34 -481)
CB153 143 193 169 204 118 69 p < 0.0001
(63-471) (39-918) (40-563) (72 - 596) (43-372) (22 -224)

2 Arithmetic mean age and range of group sampled; ® number of individuals sampled.

Table 7. Trends in contaminant concentrations (ug/kg plasma lipids for POPs) in pregnant Inuit women from Nuuk, Greenland. Data show geometric mean (and
range) for specified period of sampling. Trend analysis based on linear regression analysis with adjustment for age. Trends and statistics calculated from log trans-
formed concentrations. Source: based on Bjerregaard, P, pers. com. (2007).

1999 2000 2001 2002 2003 2004 2005 Significant
27 26 27 28 29 27 27 difference, p
(19-37)2 (16 - 45)2> (16 -40)> (15-43)a> (17 -44) (18-37) (18-36) <0.05
n=14¢ 27 n=494b 30 n=309b n=294b n=12
(17 -35)2¢ (18-42)>¢
n=314b n=414b
Oxychlordane 20 27 37 26 19 25 ns
(6.7 -98) (1.9-154) (1.3-273) (1.8 -305) (2.1 -500) (2.8 -290) (3.3-120)
p,p-DDE 252 262 311 282 168 170 ns
(100-1023) (59-1206) (32-1913) (45-2300) (57 -2700) (40 -970) (43 - 690)
CB153 122 117 134 116 83 88 ns
(59 -425) (29 - 595) (19-792) (29-910) (30 -1200) (23 - 660) (25 - 400)

ns: Not significant.

2 Arithmetic mean age and range of group sampled; ® organochlorines; < metals; ¢ number of individuals sampled.
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Table 8. Concentrations of POPs (ug/kg plasma lipids) in Inuit men from Greenland. Data show geometric mean (and range) for specified period of

sampling. Source: Deutch et al. (2004, 2007a), Deutch, B., unpublished data. (2007).

Sisimiut Qaanaaq Nuuk Quegertarsuaq Narsaq All Greenland @
2002 - 2003 2003 2005 2006 2006 1999 - 2006
30.5(18 - 46)° 33.7(19-45)" 441 (35-50)° 35.3(20-45)" 38.5(23-50)"° 34.8(18-50)°
n=51¢ n=41¢ n=19¢ n=35¢ n=28¢ n=2314¢
Oxychlordane 57 397 178 107 98 198
(5.1-344) (90 - 3089) (25-573) (13 -446) (13 -492) (5.1-3086)
Trans-nonachlor 128 621 406 238 213 334
(9.4 - 946) (101 - 4470) (69 -1221) (33-892) (34 -881) (9.4 - 4471)
p,p’-DDT 52 34 17 12 11 20
(1.3-70) (1.4 -359) (1.4-72) (2.4-74) (3.0-38) (1.3-359)
p,p-DDE 404 970 898 720 774 915
(85 - 2496) (243 -7197) (232-2352) (159 - 2285) (118 -2812) (85-7197)
DDE:DDT 78 28 51 60 71 47
(16 —360) (6.2-277) (19-170) (23 -260) (26 —375) (6.2 -375)
HCB 81 234 201 164 113 171
(23 -364) (50 -1690) (40 -647) (29 - 646) (27 - 403) (23 -1690)
B-HCH 10 51 23 13 12 28
(1.5-68) (11 -265) (1.4-65) (1.4-43) (3.5-41) (1.4-384)
Mirex 10 37 30 14 18 30
(1.7-62) (7.8-274) (7.0-121) (3.1-62) (3.0-88) (1.7 -338)
Total Toxaphene 52 208 200 108 89 134
(8.0 -470) (24-1723) (31 -560) (9.6 — 444) (14 -1375) (4.1-1724)
parlar 26 16 79 41 40 34 48
(1.6 - 204) (8.1-742) (6.2-119) (3.7-152) (4.6 - 156) (1.6 -742)
parlar 50 26 120 79 68 55 73
(1.6 - 280) (12-977) (13 -221) (5.9-292) (10-219) (1.6 -977)
PCBs
Aroclor 1260 1651 5867 4093 2296 3006 4368
(339 -28848) (1875 -20438) (1315-12083) (571-6153) (772-10164) (339-59558)
CB118 23 88 73 47 35 65
(1.9-250) (14 - 520) (13-221) (8.4 - 140) (5.2-130) (1.9 -541)
CB138 89 292 226 127 185 259
(19-509) (92 - 866) (68 - 680) (8.5-415) (52-574) (8.5 -2635)
CB153 226 832 562 300 391 574
(45 - 1249) (269 - 3169) (178 - 1667) (71-738) (98 - 1360) (45 - 8818)
CB180 102 388 305 162 197 307
(25 -479) (106 - 1512) (107 - 875) (34 -500) (41 -754) (25 -8257)
214 PCBs 597 2152 1531 880 1070 1631
(132-3311) (617 -7352) (490 - 4360) (201 - 2115) (256 - 3613) (132 -26568)

2The eight regions in Greenland were Ittoqqortoormiit 1999, Uummannagq 1999, Tassiilag 2000, Sisimiut 2002 - 2003, Qaannaq 2003, Nuuk 2005,
Quegertarsuaq 2006 and Narsaq 2006; P arithmetic mean age and range of group sampled; “number of individuals sampled.
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Table 9. Concentrations of POPs (ug/kg plasma lipids) in Icelandic mothers. Data show geometric mean (and range) for specified period of sampling.
Lipid normalization of data based on average lipid concentrations from 1995. Source: Olafsdottir, K., pers. comm. (2007).

Reykjavik All Iceland All Iceland SD¢
1995 1999 2004
30 28.7 30.3
(18-41)° (20-42)° (20 - 40)°
n=40°p=1.9¢ n=39°p=1.9¢ n=40°p=1.8¢
Oxychlordane 6.7 4.7 6.5 ns
(2.6 - 30) (1.3-22) (1.3-22)
p,p-DDE 113 100 54 p < 0.0001
(42-514) (33 -306) (19 -226)
CB153 68 60 40 p < 0.0001
(26 - 158) (24 -143) (19-98)

ns: Not significant.

2 Arithmetic mean age and range of group sampled; P number of individuals sampled; < parity; ¢significant differences using Kruskal-Wallis Test

(Nonparametric ANOVA) between 1995 and 2004.

Table 10. Concentrations of POPs (pg/kg plasma lipids) in maternal plasma
from northern Norway. Data show geometric mean (and range) for specified
period of sampling. Source: Kirkenes (AMAP, 1998), Bode (SPFO, 2005).

Kirkenes Bodo
1996 2004
29 30
(19-44)° (20-35)°
n=66" n=10°
Oxychlordane 3.9 2.6
(1.6-11) (1.0-6.1)
p,p-DDE 79 67
(19-436) (26 - 175)
CB153 52 23
(25-130) (10-50)

2 Arithmetic mean age and range of group sampled; ®number of individuals
sampled.

47

Table 11. Contaminant concentrations (pg/kg plasma lipids for POPs) in
pregnant women from the Kiruna region in northern Sweden. Data show
geometric mean (and range) for specified period of sampling. Source: POPs
1996 (Van Oostdam et al., 2004), POPs 2007 (Messner, T., pers. comm., 2008).

Sweden Sweden Significant
1996 2007 difference,
29 27 p<0.05
(22 -33)° (22-33)°
n=40" n=25°
Oxychlordane  1.9(0.83 -4.0) nd
p,p-DDE 84 34 p < 0.001
(34 - 444) (11-119)
CB153 69 27 p < 0.001
(29-161) (11-62)

nd: Not detected.

2 Arithmetic mean age and range of group sampled; ®number of individ-
uals sampled for organochlorines.
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Table 12. Trends in CB153 concentrations (ug/kg lipids) in breast milk from primipara mothers in southern (non-Arctic) and (non-Arctic) central
Finland. Data show arithmetic mean (and range) for specified period of sampling. Source: 1987 (Vartiainen et al., 1997), 1993 - 1994, 2000, 2005 (Ki-
viranta, H., pers. comm., 2007).

Southern Finland

Central Finland

1987 1993-1994 2000 2005 1987 1993-1994 2000 2005
26.9 27.9 29 28.7 25.4 27 29.5 27.3
(20-37)° (19-36)° (22-35)? (20-39)° (19-34)° (18-39)° (22-36) (19-40)2
n=47° n=14° n=23" n=35° n=37" n=28" n=12° n=31°
113 85 40¢ 30¢ 93 52 34¢ 21¢
CB153 (48-373) (24-148) (39-209) (18-110)

2 Arithmetic mean age and range of group sampled; ®number of individuals sampled; <pooled samples.

Table 13. Concentrations of POPs (ug/kg lipids) in pooled breast milks
from primipara mothers in southern (non-Arctic), central (non-Arctic),
and northern (Arctic) Finland. Data show geometric mean (and range)
for 2005. Source: Kiviranta, H., pers. comm. (2007).

Southern Central Northern
Finland Finland Finland
2005 2005 2005
28.7 27.3 26.3
(20-39)° (19 -40)° (21 -41)°
n=35° n=31° n=11°

Oxychlordane 1.5 0.5 1.1
Trans- 33 2.2 2.8
nonachlor
p,p-DDT 3.1 1.7 24
p,p-DDE 56 40 36
DDE:DDT 18 18 15
HCB 2.8 24 2.9
3-HCH 54 2.8 3.9
Mirex <0.5 <0.5 <05
Toxaphene

parlar 26 1.1 <0.5 <0.5

parlar 50 23 1.0 13
PCBs

Aroclor 240 173 165

1260¢

CB118 6.7 3.6 3.1

CB138 16 12 11

CB153 30 21 20

CB180 14 11 11

214 PCBs 88 63 60

2 Arithmetic mean age and range of group sampled; ® number of indi-
viduals sampled;<Aroclor 1260 quantified as 5.2 (CB138 + CB153), CB28,
CB52, CB99, CB101, CB105, CB118, CB128, CB138, CB153, CB156, CB170,

CB180, CB183, an

dCB18

48



AMAP Technical Report No.7 (2014)

Table 14. Concentrations of POPs (pg/kg plasma lipids) in pregnant women by area and ethnicity in Russia. Data show geometric mean (and range)
for 2001 - 2003. Source: Dudarev, A., pers. comm. (2007), Anda, E., pers. comm. (2008), Sandanger et al. (2003), Dudarev et al. (2003), Konoplev et al.
(2005, 2006), Dudarev and Chashchin (2006).

Chukotka Peninsula Kola Pechora River Taymir Norilsk Kamchatka
Peninsula Basin Peninsula
Coastal Inland
Chukchi & Chukchi Saami, Nenets Nenets Dolgan Ethnic Koryak &
Inuit & Komi Russian Even
26 25 22 23 27 27 21
(15-41)° (18 -40)° (18-32)° (16-38) (16-42) (16-372 (15-39)2
n=68° n=>58° n=16° n=38° n=69° n=>59° n=_8°
Oxychlordane 41 1.8 13 1.6 2.0 1.1 37
(0.98 - 550) (0.98 - 24) (0.98 - 4.6) (0.95-8.4) (0.98 - 15) (0.98-7.2) (0.98-11)
Trans- 64 6.5 4.1 4.7 12 34 16
nonachlor (7.1-531) (2.1-37) (2.1-18) (2.1 -44) (2.1-63) (2.1-15) (4.6 -75)
p,p-DDT 32 30 35 38 30 48 16
(8.6-171) (8.6 - 146) (8.6-114) (8.6 - 264) (8.6-121) (12 - 895) (8.6 - 48)
p,p-DDE 323 202 294 227 214 452 249
(106 - 997) (10-907) (110-937) (8.6 -777) (30-1093) (113-2806) (147 - 350)
HCB 183 74 49 81 82 37 41
(46 - 863) (20 -389) (21-233) (21-297) (10-300) (11-176) (27 -78)
B-HCH 237 95 23 47 93 149 69
(47 - 1086) (13 -354) (2.9 - 246) 2.9-161) (2.9-433) (2.9-816) (43 -150)
PCBs
Aroclor 1092 239 357 459 451 334 293
1260 (217 - 4271) (63 -1209) (63 -776) (63 -2191) (111 -1746) (63 -1472) (125 - 464)
CB99 40 11 13 11 18 20 11
(9.0-125) (4.3-104) (43-29) (43-33) (43-51) (43-70) (43-27)
CB118 50 24 25 17 32 31 23
(10-213) (4.3 -200) (4.3 -86) (4.3-43) (4.3-122) (8.6 -194) (8.7 - 36)
CB138 49 16 31 22 29 23 15
(13-168) (7.1-103) (7.1-81) (7.1-80) (7.1-106) (7.1-83) (7.1-28)
CB153 159 29 37 64 57 40 41
(27 - 687) (5.0 -140) (5.0-71) (5.0-341) (14 -230) (5.0 -200) (17 -74)
CB180 33 8.9 13 25 20 11 12
(8.0-148) (29-42) (2.9 -40) (3.0-186) (2.9 - 80) (29-51) (6.7-17)

2 Arithmetic mean age and range of group sampled; ® number of individuals sampled.
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Table 15. Concentrations of POPs (ug/kg plasma lipids) in men (general population), by region and ethnicity in Russia. Data show geometric mean
(and range) for 2001 - 2003. Source: Dudarev, A., pers. comm. (2007), Anda, E., pers. comm. (2008), Sandanger et al. (2003), Dudarev et al. (2003),
Konoplev et al. (2005, 2006), Dudarev and Chashchin (2006).

Chukotka Peninsula Kola Peninsula Pechora River Taymir Commander
Basin Peninsula Islands
Coastal Inland Lovosero Krasnoschelye
Chukchi & Chukchi Saami, Saami, Nenets Dolgan Aleuts
Inuit Nenets and Nenets and
Komi Komi
35 32 44 44 25 39 39
(19-68)? (19-54)° (18-77)2 (18-77)2 (18-62)° (18-69)° (18-58)°
n=24° n=14° n=4>" n=15° n=13" n=12° n=40"
Oxychlordane 91 38 1.9 15 2.1 33 NA©
(0.77 - 534) (0.77 - 22) (0.77-7.7) (0.77-6.8) (0.77 - 24) (0.77 - 67)
Trans- 321 23 29 15 14 25 36
nonachlor (2.7 -1267) (8.0-10) (15 -47) (2.7-51) (2.7-61) (2.7 -66) (2.7 -228)
p,p-DDT 36 25 105 47 53 32 37
(11-133) (11 -43) (50 - 340) (25-106) (11-114) (11-92) (11-1265)
p,p-DDE 637 299 872 372 302 322 533
(243 -1516) (192 - 580) (345 -3047) (77 -1272) (19-1871) (165 - 755) (121 -1807)
HCB 170 112 176 122 151 260 44
(3.6-610) (63 -259) (113-231) (36 -362) (61-424) (104 - 1094) (3.6-132)
B-HCH 392 81 164 122 89 181 25
(3.6-1162) (3.6 -875) (74 - 297) (49 - 292) (48 - 224) (86 - 340) (3.6 -359)
PCBs
Aroclor 1751 147 569 300 220 265 176
1260 (337-6014) (101 -229) (472 -725) (103 -787) (58 - 865) (135-603) (24 -915)
CB99 113 22 32 19 21 18 6.3
(30 -247) (13-34) (24 - 36) (5.5-55) (5.5-227) (5.5-43) (5.5-91)
CB118 136 44 77 36 23 35 8.0
(25 -298) (17-82) (31-135) (13-80) (11 -60) (11-113) (5.5-73)
CB138 304 32 107 61 45 57 47
(65 - 960) (24 - 49) (82 -155) (23 -219) (9.1-185) (32-119) (9.1 - 249)
CB153 807 61 251 127 93 111 54
(149 - 2863) (37-107) (219 - 360) (39-310) (28 - 365) (54 - 264) (6.4-397)
CB180 237 19 116 69 40 42 27
(47 -934) (8.9-48) (85-191) (15-182) (9.1 - 270) (12-122) (3.6-379)

2 Arithmetic mean age and range of group sampled; ®number of individuals sampled; <not available
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Table 16. Regional variation and trends in contaminant concentrations (ug/kg lipid) in human breast milk from mothers in Chukotka, Arkhangelsk and
Murmansk, Russia. Data show geometric mean (and range) for specified period of sampling. Source: Arkhangelsk 1996 (Polder et al., 2003), Arkhangelsk
2000 — 2002 (Polder et al., 2008), Murmansk 1993 (Polder et al., 1998), Murmansk 2000 — 2002 (Polder et al., 2008), Chukotka 2001 - 2002 (Anda et al., 2007b).

Arkhangelsk Murmansk Chukotka
Ethnic Russian Ethnic Russian Indigenous
1996 2000 - 2002 SDe 1993 2000 - 2002 SDe 2001 - 2002
22 22 23 21 24
(17 -30)° (17-27)° (18-30)° (17-32)° (21-30)°
n=40° n=23" n=28°" n=14° n=48¢
Oxychlordane 6.3 49 p <0.001 174 52 p < 0.0001 41
(nd-19) (20-10) (na -na) (na-na) (2.0-1070)
p,p’-DDE 1114 710 p<0.05 1251 748 p < 0.002 225
(352 -3824) (216 - 1735) (817 - 2816) (428 - 1473) (62 -812)
CB153 72 49 ns 116 82 p <0.001 82
(28 -213) (20-112) (66 -318) (49-183) (15-1252)
Toxaphene na 5.0 na na 7.3 na 9.0
parlar 50 (5.0-22) (na-na) (>0.5-112)

na: Not available; nd: not detected; ns: not significant.

2 Arithmetic mean age and range of group sampled; ®number of primipara mothers sampled; <number of primipara and multipara mothers sampled; “n =3 in
1993 for oxychlordane; ¢significant difference.

Table 17. Concentrations of emerging contaminants (ug/kg lipids) in
Yupik maternal serum from the Yukon-Kuskokwim River Delta, Alas-
ka. Data are geometric means (min - max) for 2004 - 2006. Source:
Berner, J. pers. comm. (2008).

Yukon-Kuskokwim River Delta (Yupik)

2004 - 2006
26°
n=180-202°
BDE47 26
(1.2 -455)
BDE99 6.3
(0.15-1359)
BDE100 53
(0.1-87)
BDE153 8.0
(0.3-76)
BDE209 1.9
(1.2-15)
PFOS 74
(<0.2-28)<¢
PFOA 1.0
(<0.1-43)<d

n: Range of number of individuals sampled.

2 Arithmetic mean age of group sampled for PFOS and PFOA, age of group
sampled for PBDEs not available; °range of number of individuals sampled;
¢concentrations for PFOS and PFOA expressed in pg/L plasma, all other
data are expressed in pg/kg lipids; ¢PFOS and PFOA were measured in a
different community to the PBDEs.
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Table 18. Concentrations of emerging contaminants (ug/kg lipids) in plasma for men, women and women of childbearing age among Inuit from
Nunavik, Canada. Data are geometric means (min — max) for 2004. Source: P. Ayotte, pers. comm. (2008).

Men Women Women of childbearing age
2004 2004 2004
37 37 28
(18 -74)° (18 -74)° (18-39)°
n=344-412" n=431-501° n=264-301°
BDE47 6.0 6.0 6.7
(<LOD-101) (< LOD - 344) (< LOD - 344)
BDE99 <LOD <LOD <LOD
(<LOD -97) (<LOD -82) (<LOD - 82)
BDE100 <LOD <LOD <LOD
(< LOD -78) (< LOD - 83) (< LOD - 83)
BDE153 4.0 2.1 4.0
(< LOD -135) (< LOD -58) (< LOD - 58)
TBBPA <LOD <LOD <LOD
(< LOD -0.5) (<LOD-0.3) (<LOD-0.3)
PCP 1.0 07 07
(0.2-10) (0.1-18) (02-9.3)
PFOS 21 16 13
(2.8-470)¢ (0.5-200)¢ (23-97)¢
4-HO-CB107 0.2 0.2 0.1
(< LOD -2.9) (<LOD-3.2) (< LOD-1.0)
4-HO-CB146 0.1 0.1 0.07
(< LOD -4.9) (<LOD-3.3) (< LOD - 0.6)
4-HO-CB187 0.2 0.1 0.07
(0.007 - 4.3) (<LOD-4.2) (< LOD-0.8)

LOD: Limit of detection.

2 Arithmetic mean age and range of group sampled; ®range of number of individuals sampled; < concentrations for PFOS expressed in ug/L plasma, all
other data are expressed in pg/kg lipids.

Table 19. Concentrations of PBDEs (ug/kg lipids) in Dene-Métis, Inuit and non-Aboriginal mothers in the Inuvik and Baffin regions of Canada. Data
are geometric means (min - max) for specified sampling period. Source: Van Oostdam, J. pers. comm. (2008).

Non-Aboriginal

Dene-Métis Inuit
Inuvik Inuvik Inuvik Baffin
2005 - 2006 2005 - 2006 2005 - 2006 2007
32 25 26 24
(23 -40)2 (16 -36)° (17 -38)° (15-139)°
n=6" n=17% n=>52b n=99°b
BDE47 11 6.9 6.7 6.3
(3.6-102) (1.8-30) (1.8 -468) (1.1-174)
BDE99 2.2 1.6 2.2 1.9
(1.2-14) (1.2-6.8) (1.2-152) (0.7 - 145)
BDE100 2.1 1.4 1.9 1.7
(1.2-12) (1.2-4.2) (1.2-90) (0.7 -30)
BDE153 1.3 1.8 2.5 2.1
(0.6 -5.3) (0.6 -4.3) (0.6 - 68) (0.5-22)

2 Arithmetic mean age and range of group sampled; ® number of individuals sampled.
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Table 20. Concentrations of emerging contaminants (ug/kg lipids) in
maternal plasma, Bode, Norway. Data are geometric means (min - max)

for specified sampling period. Source: SPFO (2006, 2007).

Table 22. Concentrations of PBDEs (ug/kg lipids) in pooled breast milk
from primipara mothers in southern (non-Arctic), central (non-Arctic), and
northern (Arctic) Finland in 2005. Source: Kiviranta, H. pers. comm. (2007).

Southern Central Northern
Finland Finland Finland
2005 2005 2005
29 27 26
(20-39)° (19 - 40)° (21-41)°
n=35b n=31b n=11°
BDE47 23 1.8 2.1
BDE99 0.6 0.4 0.6
BDE100 0.5 0.4 0.4
BDE153 0.7 0.8 1.6
BDE183 0.04 0.02 0.02

2 Arithmetic mean age and range of group sampled; ®number of individuals
sampled.

2004 2006
39 28
(29 - 48)° (19-36)°
n=12°% n=29°
BDE47 1.3 0.9
(0.6-2.8) (0.1-4.6)
BDE99 0.5 na
(0.3-0.9
BDE100 <04 na
(<0.2-1.0)
BDE153 1.2 0.8
(0.8-2.3) (04-17)
BDE183 <03 <0.1
(0.1-1.5) (<0.04-<0.3)
BDE209 na 1.6
(<05-19)
TBBPA <0.001 na
(<0.001 -0.009)
PCP 1.1 na
(0.7-3.2)
PFOS 16 na
(9.0-29)¢
PFOA 2.3 na
(1.7-7.0)c

na: Not available.

2 Arithmetic mean age and range of group sampled; ®number of individuals
sampled; <concentrations for PFOS and PFOA expressed in pg/L plasma, all
other data are expressed in pg/kg lipids.

Table 21. Concentrations of emerging contaminants (pg/kg lipids) in ma-
ternal plasma, Kiruna, Sweden. Data are geometric means (min — max) for
2006. Source: Messner, T. pers. comm. (2008).

2006
27
(22 -33)°
n=25b
BDE47 <16
(< 1.1-55)
BDE99 <03
(<0.2-15)
BDE100 <03
(<0.2-17)
BDE153 <03
(<0.2-33)
BDE183 <03
(<0.2-2.1)
PFOS 8.1
(1.2-22)¢
PFOA 1.6
(< LOD -3.6)¢

LOD: Limit of detection.

2arithmetic mean age and range of group sampled; * number of individuals
sampled; <concentrations for PFOS and PFOA expressed in pg/L plasma, all
other data are expressed in pg/kg lipids.
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Table 23. Concentrations of emerging contaminants (ug/kg lipids) in
maternal plasma, Naryan Mar and Taymir, Russia. Data are geometric
means (min - max) for 2002. Source: SPFO (2006).

Taymir Naryan Mar
2002 2002
26 30
(20-35)° (22 -35)°
n=12° n=12°
BDE47 1.0 <0.6
(04-17) (<0.5-0.8)
BDE99 0.6 <04
(<0.3-1.0) (<03-<0.6)
BDE100 <0.2 <0.1
(<0.1-0.4) (<0.1-<0.2)
BDE153 0.6 <0.5
(<0.3-0.9) (<0.2-223)
BDE183 <0.2 <0.2
(<0.1-0.4) (<0.1-0.6)
TBBPA < 0.001 <0.001
PCP 1.6 17
(0.8-12) (1.0-34)
PFOS 9.3 16
(5.1-14)¢ (5.0 -49)¢
PFOA 2.2 17
(1.2-5.7)¢ (0.8-5.2)¢

2 Arithmetic mean age and range of group sampled; ®number of individuals
sampled; < concentrations for PFOS and PFOA expressed in ug/L plasma, all
other data are expressed in pg/kg lipids.
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