Annex 8.4: Other Media (March 2015)
In the following pages some of the relevant paragraphs of the reports that have been used
in the Other media chapter, and in particular Table 5.2.4.1 are cited in detail below.
1 Northern Contaminants Program NCP
The text below is from NCP 2013, in particular chapters 3, 4 and 6.
Chapter 3 — Occurrence and Trends in the Physical Environment.
Coordinating authors: Hayley Hung and Perihan Kurt-Karakus Contributors: Lutz
Ahrens, Terry Bidleman, Marlene Evans, Crispin Halsall, Tom Harner, Hayley Hung,
Liisa Jantunen, Perihan Kurt-Karakus, Sum Chi Lee, Derek Muir, Mahiba Shoeib, Gary
Stern, Ed Sverko, Yushan Su, Penny Vlahos, Hang Xiao
Chapter 4 — Occurrence and Trends in the Biological Environment.
Coordinating authors: Derek Muir, Perihan Kurt-Karakus and Jason Stow Contributors:
Jules Blais, Birgit Braune, Craig Butt, Emily Choy, Amila De Silva, Marlene Evans,
Barry Kelly, Perihan Kurt-Karakus, Nic Larter, Robert Letcher, Melissa McKinney,
Adam Morris, Derek Muir, Gary Stern, Greg Tomy
Chapter 6 — Interlaboratory Quality Assurance for the Northern Contaminants Program.
Coordinating authors: Victoria Tkatcheva and Eric Reiner. Contributors: Mehran Alaee,
Barry Ali, Rita Dawood, Cathy Doehler, Rania Farag, Sathi Selliah, Ed Sverko, Dan
Toner

The Northern Contaminants Program (NCP) was established in 1991 in response to
concerns about human exposure to elevated levels of contaminants in wildlife species that
are important to the Yukon First Nations, Dene Nation, Inuit Circumpolar Conference,
Inuit Tapirisat of Canada, and Métis Nation of the Northwest Territories.
The 2013 report (NCP 2013) is the third assessment of persistent organic pollutants
(POPs) conducted by the NCP.
Previous assessments in 1997 and 2003 summarized results of Phase 1 (1991-1996) and
Phase II (1997-2002) of the NCP and included both heavy metals and POPs. Under Phase
III of the program which began in 2003-04, environmental monitoring focused on fewer
sampling sites for both air and biological samples. The biological sampling programs
were redesigned with the goal of being able to detect a 10% annual change in
contaminant concentration over a period of 10-15 years with a power of 80% and
confidence level of 95%.
The list of individual compounds analyzed was expanded in Phase III particularly for
perfluorinated and polyfluorinated alkyl substances (PFASs), brominated flame retardants
(BFRs) and current use pesticides (CUPs). About 35 chemicals or chemical groups that

were not previously reported, or for which only very limited measurements were
available in the previous assessment, have been detected particularly in arctic air, snow
and biota.
(NCP 2013 p vii) executive summary:
The declining trend in concentrations in biota is most apparent for OC pesticides and less
evident for PCBs and chlorobenzenes (ΣCBz). In marine species, percent annual declines
of ΣDDT ranged from 2.5%/year in thick-billed murre eggs (Lancaster Sound) to
11%/year in polar bear fat (western Hudson Bay, WHB). Declines of chlordane-related
compounds (ΣCHL) ranged from 1.2%/year in murre eggs to 7.4%/year in blubber of
ringed seals in Hudson Bay, while polar bears (WHB) showed no decline.
Total HCHs (ΣHCH) declined in seals, beluga and polar bears due to rapid decline of the
major isomer α-HCH (e.g. 12%/year in bears). However, β-HCH, the more
bioaccumulative isomer, increased in the same species. This increase in β-HCH in seals
varied regionally, with large increases in South Beaufort Sea seals (16% at Ulukhaktok)
and a decline in Hudson Bay (2.5%/ year). The case of β-HCH highlights the importance
of ocean water moving through the Arctic archipelago from the Pacific Ocean via the
Bering Sea and possibly Russian freshwater inputs. No other POPs shows this trend
although declines of PCBs, ΣDDT, ΣCHL were lower or non-existent in beluga, ringed
seals and polar bears in the South Beaufort compared to Hudson Bay and East Baffin
regions.
Declines of legacy POPs have generally been more rapid in freshwater fish than in
marine animals. For example, PCBs in landlocked arctic char declined by 6.4% and
7.6%/year in Amituk Lake and Lake Hazen, respectively, versus 3.8% and 4.0%/year in
thick-billed murres and northern fulmars, respectively. Declines of ≥ 5%/year were also
seen for ΣHCH, ΣCHL, ΣDDT and toxaphene in lake trout from Lakes Laberge, Kusawa
Lake and western basin of Great Slave Lake as well as in landlocked char in Lake Hazen,
Char Lake and Amituk Lake. Declines for these OC pesticides were generally <5%/year
in seabird eggs and marine mammals. A notable exception was the increase in
concentrations of PCBs, ΣCHL, ΣDDTs, and toxaphene were over the period 2001 to
2009 in burbot liver sampled at Fort Good Hope on the Mackenzie River. However, as of
2010 concentrations of all four POPs had returned to levels found in the 1990s and early
2000s.
A major strength of the temporal trend programs conducted under the NCP is the
availability of archived samples from specimen banks.
New POPs such as PBDEs and PFOS generally increased in seals, seabirds, beluga, and
polar bear samples from the 1990s until the early 2000s and are now declining.
Retrospective analysis of collections from specimen banks enabled measurements of the
PBDEs, PFASs and other contaminants in samples from the 1970s, ‘80s and ‘90s, and
annual sampling as of early 2000s enabled relatively rapid declines to be observed. For
example, ΣPBDEs achieved maximum concentrations in northern fulmar and thick-billed

murre eggs in 2005 and 2006, respectively and declined to levels similar to those in the
early 1990s within 3 years.
Reviews by Braune et al. (1999) and Evans et. al. (2005) summarize the state of
knowledge on POPs in fish and freshwater food webs to late 2002. The major “new
chemicals” analyzed in Arctic and subarctic fresh-water biota during the period 2003–
2010 were the PBDEs and PFASs. Also on the list of analytes were other brominated
flame retardants such as HBCDD, PBEB, BTBPE and DBDPE. (p286)
Prominent, relatively new POPs are PBDEs and PFOS, which are detectable in all biota
although generally at much lower concentrations than PCBs or toxaphene. An exception
is PFOS, which is at the part per million level in polar bear liver and on par with several
chlorinated POPs in polar bear adipose tissue. (p403)
HBCDD, has been reported in freshwater and marine fishes, beluga, seals, seabirds and
polar bears.
Perfluorinated compounds, PBDEs and HBCDD are higher in ringed seals in Hudson
Bay than other locations, reflecting the closer proximity to source regions in southern
Canada and northern US. (p403)
Beluga and narwhal have the dubious distinction of having the highest concentrations of
most POPs compared to other marine mammals (seals, polar bear, and walrus). Polar
bears have similar levels of PCBs (in subcutaneous fat) as beluga and narwhal blubber
but much lower levels of other POPs. (p404)
Spatial trends of POPs in polar bears are generally similar to those in ringed seals with
higher ΣHCH in the western and central Archipelago and higher DDT, dieldrin and
chlordane related compounds in Hudson Bay and eastern arctic animals. (p404)
Limited data for POPs in caribou and moose confirms the much lower levels of most
chemicals compared with marine mammals. However, in caribou and moose, PFASs were
the major POPs with concentrations in liver ranking ahead of PCBs and PBDEs (ΣPFCAs
> PFOS > ΣPCBs > ΣPBDEs). (p404)
Annual sampling for most biota since the early-2000s has revealed some surprising trends
for legacy POPs such as increasing concentrations of PCBs in burbot liver, increased
toxaphene in arctic char and ringed seals, as well as increased ΣCHL and PCDD/Fs in
northern fulmar eggs. (p404)
These increases (and subsequent declines in some cases) are generally unexplained but
presumably related to year-to-year differences in dietary exposure of sampled animals
(percent lipid, size and sex of animals generally being similar).
Concentrations of legacy POPs are generally declining in Canadian arctic freshwater
fishes

(burbot, lake trout, landlocked arctic char) and in sea-run char with some important
exceptions.(p404)
The results for POPs in fish suggest that overall trends in remote sites (e.g., high arctic
lakes, Kusawa Lake) are mirroring the gradual decline in atmospheric concentrations,
however sites influenced by local or regional sources, which may be from local use or
greater atmospheric deposition in the past, have more variable and sometimes opposite
short term trends. (p405)
Concentrations of most of the legacy POPs (e.g. PCBs, DDE) have decreased in
Canadian Arctic seabirds since 1975 and now appear to be levelling off.
Concentrations of PBDEs increased in northern fulmars and thick-billed murres between
1975 and 2003, and now appear to be decreasing in both species.
Legacy POPs (e.g., PCBs, DDTs and chlordanerelated compounds (CHLs) and
polybrominateddiphenyl ether (PBDEs), as well as perfluorinated alkyl substances
(PFASs) have been found in Arctic biota and humans. Of high concern are the potential
biological effects of these contaminants in exposed arctic wildlife and fish. Prior to 1997,
biological effects data were minimal and insufficient at any level of biological
organization. However, post-2002, new POPs effects data have been generated for several
high trophic level species, including seabirds (e.g., glaucous gull, polar bears, arctic fox,
and arctic char) as well as semi-captive studies on sled dogs.
There remains minimal evidence that POPs are having widespread effects on the health of
arctic organisms, with the possible exception of East Greenland and Svalbard polar bears
and Svalbard glaucous gulls. However, the effects of POPs in arctic wildlife have to be
placed in the context of other environmental, ecological and physiological stressors (both
anthropogenic and natural) that create a highly complex picture. (p431)
There are a number of local sources in the Arctic, such as derelict installations and
current settlements that can have an impact on the environment and wildlife. Some of
these (e.g. PCBs in Saglek bay) have been intensively studied (p 435). Significant
declines in PCB concentrations in the livers of guillemot chicks between 1999–2000 and
2007 indicate that the remediation of PCB-contaminated soil at Saglek Bay has been
effective in reducing PCB levels in the marine ecosystem. (p446)
An extensive review of the health effects of longrange atmospheric transport (LRAT)
contaminants in arctic top predators, including polar bears, was done by Sonne (2010).
Polar bears inhabit a cold environment and therefore rely on energy-rich fatty and waxy
tissues as their main energy source. Since the 1940s, large amounts of fat-soluble
atmospheric and marine long-range transported persistent and toxic chemicals have
biomagnified in the arctic marine food webs. The review by Sonne (2010) showed that
hormone and vitamin concentrations, liver, kidney and thyroid gland morphology as well
as reproductive and immune systems of polar bears are likely to be influenced by
contaminant exposure. Bone density reduction, neurochemical disruption and DNA

hypomethylation of the brain stem were also observed health effects of contaminants on
polar bears. (p444)
ΣPCB concentrations in beluga and polar bears exceed the toxicity reference value for
immunotoxicity and endocrine disruption of 1.3 μg g−1 lw in harbor seals.(p450)
Mean ΣPCB concentrations in Canadian arctic seabird eggs are well below reported
thresholds for egg mortality and hatching success in fisheating birds (except for glaucous
gulls). (p450)
Between 2005 and 2012, six rounds of interlaboratory studies (ILS) were conducted to
evaluate the analytical data provided to the Northern Contaminants Program (NCP).
From 2007 laboratories that participated in the Arctic Monitoring and Assessment
Programme (AMAP) were included and also evaluated to ensure that the pre-established
NCP data quality objectives were met (Selliah et al. 2008).
The NCP 2013 report presents a summary of the study design, evaluation and statistical
treatment of the results covering the period from 2005–2012 of NCP-III Phase 1 to Phase
6 (NCP-III 1-6) study. It presents the performance of NCP laboratories compared to the
AMAP and all other laboratories that participated in the ILS. (p463)
Thirty-four organizations with forty-three laboratories from thirteen countries
participated in NCP-III 1-6 for persistent organic pollutant (POPs) studies.
The interlaboratory studies demonstrated that the NCP laboratories are capable of
producing excellent and satisfactory results for POPS analysis in the standards (72–89%)
and satisfactory results for PCBs, OCPs, PCDDs analysis in certified natural-matrix
materials (65–71%). (p463)

2 HELCOM
HELCOM (2010) Hazardous substances in the Baltic Sea – An integrated thematic
assessment of hazardous substances in the Baltic Sea. Balt. Sea Environ. Proc. No. 120B.

PCDD/Fs
Temporal and spatial trends in sediments: There are few historical sediment data
(profiles) from the Baltic Sea and some data are from the late 1980s and thus unable to
reveal very recent trends. All the cores, however, show a decline in surface PCDD/F
concentrations compared with deeper sediments, with the highest concentrations
generally dated back to the 1970s or 1960s in the northern basins, the Baltic Proper and
the Kattegat – Danish straits.

Biota
HLCOM 2010a reports that “numerous recent papers have shown differences in PCDD/F
and DL-PCB concentrations in Baltic herring, sprat and salmon between the Baltic Sea
basins. Higher concentrations have been detected in the northern basins where dioxin and
DL-PCB levels in herring exceed established maximum limit concentrations for human
consumption. Regional variation within a sub-basin has been found in the Swedish
coastal region of the Bothnian Sea. Since the atmospheric deposition pattern (lowest in
the north) is different from concentrations in fish (generally highest in the north), other
factors or sources are thus likely to be involved in determining concentrations in fish. The
reasons remain unclear, but higher historical PCDD/F discharges from point sources in
the northern basins have been suggested.
There is not much information about past or recent trends in PCDD/F concentrations in
different fish species and generally the data do not cover past decades. The Swedish
Museum of Natural History (NRM 2009) reported dioxin concentrations in the muscle of
small herring collected from 1990 to 2005 at three stations on the Swedish coast that
showed no indications of change during that period, but the guillemot egg data showed a
major and significant decrease since 1970.
PCB
Concentrations of PCBs, including CB-153 and CB-180, show significant declining
trends in herring, perch and blue mussels in several regions around the Baltic Sea.
However, only a few available data sets have time series long enough to draw statistical
conclusions regarding temporal trends. Decreasing trends for other PCB congeners, as
well as for the sum of seven PCBs, have also been reported for some locations along the
Baltic Sea. It is estimated that levels have been decreasing by approximately 5–10% per
year since the end of the 1970s.
DDT
DDE levels are higher than DDT (and DDD) levels in fish and also in some cases in
sediment.
DDE levels in blue mussel (Mytilus sp.) and the Baltic clam Macoma balthica
occasionally exceeded (seven out of 40 sampling sites) the lower threshold of 5 µg kg−1
dw (EAC low, OSPAR 1997), but the higher threshold of 50 µg kg−1 dw (EAC high,
OSPAR 1997) was exceeded only at one site on the German coast.
The temporal trend of DDE concentrations in herring muscle has been declining since the
end of the 1970s in all Baltic Sea sub-basins. Helcom 2010 a p38 presents temporal
trends for the Bothnian Bay, Bothnian Sea, Gulf of Finland and Arkona Basin.The DDE
level has decreased significantly at a rate of 4–11% per year since the end of the 1970s
and the beginning of 1980s in most matrices analyzed (herring, perch Perca fluvialis and
eelpout Zoarces viviparous muscle, cod Gadus morhua liver, and blue mussel Mytilus
sp.) at several Swedish coastal sites from the Kattegat to the Bothnian Bay. From 1969–

2007, the sum of DDTs in the eggs of common guillemot Uria aalge showed a significant
decreasing trend of 10% per year on Stora Karlsö, an island in the Western Gotland
Basin. DDT has generally decreased more rapidly than the sum of DDTs, which indicates
that new DDT inputs to the Baltic Sea have not taken place (Bignert et al. 2009). The sum
of DDTs in herring muscle at five Finnish stations (eastern and western Gulf of Finland,
Åland Sea, southern and northern Gulf of Bothnia) has declined monotonically from
1986 to 2006 and the decline has been especially significant in the Gulf of Finland and
the Åland Sea (Kankaanpää 2007). The sum of DDTs in the muscle of herring from the
Estonian coastal area of the eastern and central Gulf of Finland and the Gulf of Riga
decreased from 1995–1998, but thereafter the levels increased to some extent until the
year 2002 for unknown reasons (Roose & Roots 2005).
HCH
HCH (sum of α-, β- and γ-isomers) levels in fish and mussels were lower than the
threshold (16.7 µg kg−1 ww). HCH was not found at all in blue mussels. Lindane
occurred in sediment at levels occasionally exceeding (eleven out of 38 sites) the lower
threshold concentration (1.1 µg kg−1 dw) and at two sites (the Sound and offshore
Northern Baltic Proper) the levels were of high concern, exceeding the higher threshold
(3.3 µg kg−1 dw) in the sub-basins of the Baltic Sea. Similarly, HCH (sum of α-, β- and γisomers) concentrations in sea water occasionally exceeded (six out of 35 sites) the
threshold concentration (2.0 ng l−1) and at one site the level was of high concern exceeding the higher threshold (20 ng l−1). Nevertheless, firm conclusions could not been drawn
on some water samples, because the detection limit was higher than the threshold.
The trend of lindane concentrations in herring muscle has been declining since the end of
the 1980s in the Bothnian Bay, Bothnian Sea, Northern Baltic Proper and Arkona Basin.
The lindane level has decreased significantly since the 1980s in most matrices analyzed
(herring and perch muscle, cod liver, eelpout and blue mussel) at several Swedish coastal
sites from the Kattegat.
The α-HCH concentration in herring showed a similar, but even more pronounced
downward trend. Lindane levels in blue mussels from the Mecklenburg-Vorpommern
coast exhibited a decrease at all six stations inves- tigated between 1994 and 2001. Since
2002, lindane has been below the limit of determination (<0.5 µg kg−1 dw).
HCB
Several national monitoring reports indicate a downward trend of HCB levels in the
Baltic marine environment. In Sweden, the HCB level has decreased significantly in
almost all matrices analysed (herring, perch and eelpout muscle, cod liver and eggs of
common guillemot) at several coastal sites from the Kattegat to the Bothnian Bay. The
HCB level in blue mussels has been very low and since 2000 values have been at or
below the detection limit (Bignert et al. 2009). In Finland, the HCB level in herring
muscle has declined since the end of the 1990s at five sites (eastern and western Gulf of
Finland, Åland Sea, southern and northern Gulf of Bothnia) (Kankaanpää

2007).However, Szlinder-Richert et al. (2008) found that HCB levels did not exhibit an
obvious trend from 1995–2006 in coastal and off- shore waters of the southern Baltic Sea
(e.g., Gulf of Gdansk, Eastern Baltic Proper and Bornholm Basin) in any of the fish
species studied (herring, sprat, cod, flounder and salmon).
Endosulfan
Endosulfan adsorbs mainly onto suspended particulate matter in the aquatic environment
and then deposits onto the sediment. However, a certain proportion is likely to remain in
the water column due to its relatively high water solubility.
Endosulfan sulphate, which is as toxic as endosulfan, was found in almost all of the fi sh
muscle samples in the eastern Baltic Sea and off southeastern Sweden (range <0.010–
0.12 µg kg−1 ww) (Lilja et al. 2009). Herring had higher levels than perch or flounder.
However, the observed concentrations were three magnitudes lower than the predicted
no-effect concentration (PNEC) level. Endosulfan sulphate is an oxidation product found
in technical endosulfan, but it is also the main microbial oxidation product of α- and βendosulfan.
PFOS/PFA
Limited data exist for PFA concentrations in Baltic Sea sediments (Nordic Council of
Ministers 2004, SEPA 2006, NERI 2007, Theobald et al. 2007). PFOS and/or PFOA were
occasionally detected, but consistently at levels below 1 µg kg−1 dw or ww. The highest
levels reported so far have been from the Gulf of Finland close to Helsinki (PFOS 0.9 µg
kg−1 ww), close to Stockholm (PFOS 0.6 µg kg−1 ww) and along the coast of Poland
(PFOS and PFOA both around 0.6 µg kg−1 dw)
PFAs have been analysed in blue mussels (Mytilus spp.), various fish species, eider duck
(Somateria mollissima), common guillemot (Uria aalge) as well as grey, harbour and
ringed seals (Halichoerus grypus, Phoca vitulina, Phoca hispida botnica) from the Baltic
Sea. Due to the large interannual and interspecies variability of results, as well as the
different analytical methods and tissue types (blood, liver, muscle, egg) applied in the
studies, it is difficult to derive spatial or temporal trends from the diverse literature and
screening data. Distinct case studies of spatial and temporal trends of PFAs in the Baltic
are therefore presented in the HELCOM 2010a report.
In general, PFOS is the predominant PFA in biota, with the highest levels in marine
predatory birds and mammals. Several hundreds to one thousand µg kg−1 ww of PFOS
have been found in the livers of grey seals (Southern Baltic Proper and Bothnian Sea),
harbour seals (Great Belt and the Sound) as well as ringed seals (Bothnian Bay). In the
eggs of common guillemots (Western Gotland Basin), PFOS concentrations were greater
than 1000 µg kg−1 ww (Holmström et al. 2005). Long-chain perfluorinated carboxylates
(PFCAs) also tend to accumulate in the same tissues, however, at levels one to two orders
of magnitude lower than PFOS.

Compared to marine mammals and seabirds, levels in fish are generally considerably
lower with some exceptions. Despite the difficulties in comparing data from different
studies, sample sizes, sampling years and analytical methods, the distribution of PFOS in
herring liver was found to be quite homogeneous throughout the Baltic Sea (around 10
µg kg−1 ww), which probably is a result of the extraordinary persistence of the compound
and its use for more than three decades. A somewhat higher level was found in the
proximity of Stockholm. PFCA levels were typically one to two orders of magnitude
lower, with a dominance of long-chain compounds with an odd number of carbon atoms
(C9, C11, C13).
Temporal trends of PFAs in common guillemot eggs from the Western Gotland Basin
PFAs have been analysed retrospectively in the eggs of common guillemot from the
Western Gotland Basin on the island Stora Karlsö in a time series starting in 1968. A
significant increasing trend was observed for PFOS in eggs, with an increase of 7–10%
per year. This corresponds to 25–30 times higher levels in the early 2000s as compared to
the late 1960s. Due to relatively high inter annual variations after 1996, the future trend
for PFOS in the Baltic marine environment cannot be predicted. However, the running
mean smoother suggests that concentrations may have started to level off after 1997. On
the other hand, the trend lines for C –C PFCAs showed an exponential increase up to
2007 (Berger et al. 2008).
PBDE
To assess the penta-BDE contamination in marine organisms in the Baltic Sea region,
BDE-47 was chosen as a representative for the lower-brominated BDE group. HELCOM
2010a has evaluated concentrations of BDE-47 in relation to a concentration at the lower
end of the concentration gradient in the Baltic Sea, i.e., 0.005 mg kg−1 lw. Thus,
exceedances of the threshold do not necessarily indicate ecotoxicological concern.
The concentrations of BDE-47 varied throughout the Baltic Sea. In the eastern part (Gulf
of Finlandand Gulf of Riga), concentrations were below the threshold level. Levels were
moderate in the Bothnian Bay and along the Swedish east coast. In the southern regions
outside the coast of Poland, levels were more than threefold higher than the threshold
level. Along the Danish coast and the Swedish west coast, concentrations were good to
moderate.
In marine top predators, PBDE concentrations indicate a cause for concern. For example,
white-tailed sea eagles in the Baltic Sea (Nordlöf et al. 2007) have BDE concentrations
(sum of four BDEs with four to six bromines) up to four times higher than the reported
effect levels in exposed American kes- trels, which were causing adverse effects (Fernie
et al. 2005a, 2005b, 2009).
Relatively few studies have reported PBDEs in marine sediment from the HELCOM
region ,the Swedish sediment monitoring programme, covering 16 stations in the coastal
and offshore areas of the Baltic Sea, showed that concentrations of BDE-47, BDE-99 and
BDE-100 were clearly the highest in the Kattegat (0.44, 0.62 and 0.08 µg kg−1 dw,

respectively, at station Fladen.
Several time series of BDE-47 concentrations in herring muscle tissue from the Bothnian
Sea, the Baltic Proper and the Kattegat showed significant decreasing trends, with halflives in the herring populations of about 6–8 years.
HELCOM 2009 : In general, the results show that BDE47 is the dominant congener
in biota of the Baltic Sea. Ranking the BDE congeners according to the
concentration in biota of the Baltic Sea gives the following order: BDE47 >
BDE99 & BDE100. The levels in biota are, in general, low and always lower than the
PNEC level . The high BDE209 levels found in roach muscle (Burreau et al. 2004) are
alarming and more information on the BDE209 levels in biota of the Baltic Sea is needed.
In general, BDE209 is the dominant BDE congener in the sediment of the Baltic Sea.
Ranking the BDE congeners according to concentration in the Baltic Sea sediments gives
the following order: BDE209 >> BDE99 > BDE47. In general, the levels in the
sediment are low and do not exceed the PNEC level.
HBCDD
Time series of HBCDD from monitoring sites along the Swedish coasts showed no
significant trends in herring muscle tissue, whereas a clear increasing trend of about 3%
per year (p<0.001) was detected in eggs from common guillemot (Uria aalge) collected
from Stora Karlsö in the Western Gotland Basin
3 MEDPOL
The analysis covered the full period of MED POL Phase III and Phase IV, until 2010, and
incorporated additional scientific information included in the four sub-regional
assessment reports, which were prepared by MAP in the framework of the gradual
application of the Ecosystem Approach for the management of human activities in the
Mediterranean.(UNEP/MAP 2010a,b,c,d)
The UNEP/MAP 2011 report includes the families of DDTs and PCBs, as the more
representative persistent organic pollutants (POPs). The Drin’s (aldrin, endrin and
dieldrin), HCB and lindane were also considered. In summary, after selection and
harmonization of data, a total of 33,742 observations, corresponding to more than 400
stations monitored during the MED POL Phases III and IV (1999-2010) have been
included in the assessment.
Chlorinated pesticides have been extensively analyzed in Mediterranean biota since the
inception of MED POL (UNEP 1990). Mussels and mullets have been the most widely
studied organisms in the whole basin as part of many case studies published in the
literature and recently assessed on the occasion of the implementation of the Stockholm
Convention (UNEP 2002).
Concentrations of aldrin, dieldrin, endrin, lindane and hexachlorobenzene in Mytilus

galloprovincialis are in the low ng g-1 range. Concentrations of DDTs were one order of
magnitude higher, with p,p’-DDE being, in general, the predominant component,
although recent inputs of DDT in some areas cannot be ruled out.
Concentrations are higher in the Aegean-Levantine region for aldrin and dieldrin, and in
the Western Mediterranean for HCB and lindane. However, the highest values of HCB
and lindane are found in Turkey and Albania, with a number of important hot spots. In the
case of DDTs, their median values are similar for the four eco-regions, around 10ng g-1
dw, but again very high values are found in the Adriatic, corresponding to Albania.
Despite the similarity of the mean DDT levels for the four eco-regions, available data
indicate that contaminants are not uniformly distributed throughout the sub-regions.
PCBs occur in the vicinity of industrial and urban sites, as well as in major river mouths.
The geographical distribution of concentrations (7 ICES PCB congeners) in the indicator
organism Mytilus galloprovincialis is shown in UNEP/MAP 2011. The median values
show the higher levels in the Adriatic where the Albania samples are well above the
average, with values up to 1500 ng g-1 dw in one station of France.
Taking into account the limited data available, trends are just preliminarily assessed. The
analysis has been mainly focused on Mytilus galloprovincialis and Mullus barbatus, with
the exception of Israel, where the clam Mactra corallina has been considered. Moreover,
a few available time series for sediments from Israel (Haifa Bay) and France (Gulf of
Lions) have also been considered.
In the Western Mediterranean, the stations evidencing relatively high levels of PCBs are
still exhibiting increasing trends whereas those more pristine seem to be stable or
decrease.
In general, it was found that during the period 1979-1998 the decreasing trends were in
the order: ΣDDT > HCHs > PCBs, which may reflect that the regulation of the use of
these chemicals and, consequently, of the contaminant inputs to the sea was more
efficient for DDT and lindane than for PCBs.
During the last decade, HCHs (α-, β-andγ-isomers) were found in significant amounts (1–
30 ng L–1) in the marine wetlands of Amvrakikos and Thermaikos Gulfs in Greece and
in the coastal waters of Alexandria. Along the Spanish coast the levels were of 1.3–2 ng
l-1. Very recently, concentrations of 30–1500 pg l-1 of lindane and 5–427 pg l-1 of HCB
were found in NW Mediterranean coastal waters, off Barcelona, basically associated with
the dissolved phase. In the same stations, the concentrations of particulate and dissolved
PCBs in the subsurface waters averaged 0.57 and 1.2 ng l–1 (ΣICES-7 congeners),
respectively, in the range of those reported 15 years ago (Albaiges 2005).
HCB has been widely distributed in Western Mediterranean fish species, particularly in
coastal species. Measurable amounts of HCB were found in red mullet collected in the
NW basin, with levels on the Spanish coast (0.24–2.80 ng g–1 ww) slightly higher than on
the French one (0.42–0.97 ng g–1 ww) (Albaiges 2005).

Two mussel surveys were conducted along the Mediterranean coast of France and Italy,
between Sete and Genova, in 1973/1974 and in 1988/1989 in order to assess the temporal
contamination trend by organochlorine pesticides. The comparison of concentrations
measured in both surveys showed that DDTs and PCBs decreased by a factor of
approximately 5 in 15 years, from730 to 130 ng g–1 dw and 2430 to 527 ng g–1 dw
Aroclor equivalents, respectively. This decrease is in agreement with the ban of DDT
implemented in 1975 in western Europe and the gradual cessation of PCBs production in
the 1970s and 1980s. A later survey along the French coast, in 1995–1999, gave a mean
concentration of 17 ng g–1 dw (1.2–157 ng g–1), pointing to a sustained reduction of
levels. A similar trend was observed in mussels collected close to the Ebro River mouth,
where a decrease by a factor of 3 in DDTs, with a concurrent increase of the DDE/DDT
ratio was observed from1980 to 1990. The same survey revealed a decrease of HCB
concentrations by a factor of 5 (from 1–2 to 0.2–0.3 ng g–1). (Albaiges 2005).
As far as the monitoring of POPs is concerned, the RNO is composed of 23 shellfish
sampling sites, visited four times a year. Contaminants measured are DDT, DDD, DDE,
lindane (γ-HCH), α-HCH, PCBs (Congeners 28, 52, 101, 105, 118, 138, 153, 180) and
PAHs.
Atmospheric circulation and deposition estimates of POPs in the Mediterranean region
are scarce. First calculations were reported by GESAMP, based on very few data, but
showing that 80–95% of total inputs of POPs (e.g. HCB, HCH, DDT, chlordane and
PCBs) were atmospheric.
The extremely informative paper by (Gómez-Gutiérrez et al., 2007) presents a
compilation of measurements in sediments and has also concluded that a decreasing trend
is more evident for DDTs than for PCBs, indicating a steady input of the latter in the
Mediterranean Sea and the need for an improved management of their potential sources.
A detailed analysis for the 4 subregions: Western Mediterranean , Ionian Sea and and
Central Mediterranean subregion, Adriatic Sea, Eastern Mediterranean subregion can be
found in UNEP/MAP 2012.
Toxicological studies have found that PCB levels in deepwater fishes (Alepocephalus
rostratus, Bathypterois mediterraneus, Coryphaenoides guentheri and Lepidion lepidion)
were lower than in coastal fishes, close to the pollution sources, but much higher than
that of fish living on the continental shelf to upper slope (Micromesistius poutassou,
Phycis blennoides and Lepidorhombus boscii). PCB levels recorded were within the same
range as that of top predators like tuna ( Solé et al., 2001).
Available data indicate that organic contaminants are not uniformly distributed
throughout the Western Mediterranean. For example, concentrations of total DDT in
sediments range from <0.25 to 885 ng / g and PCBs from 1.3 to 7274 ng / g, higher levels
corresponding to the "hot spots" areas near outfalls waste water of major cities and at the
mouths of large rivers (e.g. Rhône).

The PCB congeners 31, 52, 156 and 180 are present at low concentrations and in
industrial areas or urban. The PCB 153 and 138 show maximum levels of accumulation
along the French coast, particularly at Marseilles and his emissary (respectively 42.3 mg /
kg and 27.6 mg / kg) and to a lesser extent al mouth of the Rhone basin of the
Mediterranean (after Scarpato et al., 2010). Concentrations are also important along the
Italian coast, in Napoli (28.0 mg / kg and 19.0 mg / kg) and Bagnoli (16.0 and 12.0 mg /
kg), in Sardinia at La Maddalena (PCB 153: 26.0 mg / kg, PCB 138: 12.0 mg / kg), at the
Llobregat mouth (18.1 and 14.4 mg / kg) and in Barcelona (11.0 and 8.2 mg / kg). In
southern Mediterranean, significant values for PCB 153 and 138 (20.5 and 14.1 mg / kg)
were demonstrated in Algiers.
Levels up to 400 mg / g fresh weight of DDT and 1400 mg / g wet weight of PCBs were
found in the fat of marine mammals (dolphins), far greater than the equivalent data in the
Atlantic. Some geographical areas are in situations of concern. These include estuaries
(Rhône, Ebro), bays and gulfs (Fos Sea, Bay of Algiers and Tunis, Genoa, Naples,
Algeciras) and areas affected by the landfill.
From the UNEP/MAP - MED POL database, it was shown concentrations of aldrin,
dieldrin, endrin, hexachlorobenzene, lindane, as measured in wild Mytilus
galloprovincialis, are low in the northwest Basin. Concentrations of DDT are higher,
especially the degradation products as p, p'-DDE.
An analysis of dioxins in mussels Mytilus galloprovincialis in 33 stations from the whole
occidental basin (Andral et al., 2004) shows highest values were recorded in Marseille
(2.66 ng/kg) with significant inputs. On the basin scale, the distribution of dioxins was
similar to the one of PCBs, with highest values at Barcelona, la Maddalena (Sardinia),
Algiers and Napoli but also in Toulon (Munschy et al, 2008, Andral et al 2008, 2011)
when Corsica and Northern Africa were the areas with lower concentrations.
In the North of the basin, total DDT concentrations in mussels Mytillus galloprovincialis,
decreased. More recently, an analysis of concentrations of DDT in the fatty parts of
bottlenose dolphins conducted between 1978 and 2002 different points on the coast of
western basin showed that concentrations were divided by 23.7 during this period
(Borrell and Aguilar, 2007).
According to UNEP/MAP-MED POL data, (UNEP/MAP - MED POL 2009a) the Central
Mediterranean and Ionian Sea were relatively free of hotspots of chlorinated
hydrocarbons in marine bivalves, at least according to the present availability of data.
Lower median levels were also estimated for total DDTs, and for lindane in the bivalve
Mytilus, when compared to median levels in other Mediterranean sub-regions.
Concentrations of aldrin, dieldrin, endrin, lindane and hexachlorobenzene in Mytilus
galloprovincialis are in the low ng g-1 range, with the exception of some stations from
Albania. Concentrations of DDTs were one order of magnitude higher, with p,p’-DDE
being, in general, the predominant component, although recent inputs of DDT in some

areas cannot be ruled out. Concentrations up to 9,779 ng g-1 dw of total DDTs were found
in mussels from the Albania coast, probably indicating the presence of stockpiles of DDT
in the country, as well as of lindane.
While PCB levels in Merluccius merluccius from the Adriatic Sea have slightly decreased
between 1993 and 2003 from 1,380 ng/g to 943 ng/g lipid weight. The remaining levels
are still high and the declining trend was not statistically significant. Such values are in
accordance to the PCB concentrations in other fish species from the same region
(UNEP/MAP - MED POL, 2009).
The analysis covered the full period of MED POL Phase III and Phase IV, until 2010, and
incorporated additional scientific information included in the four sub-regional
assessment reports, which were prepared by MAP in the framework of the gradual
application of the Ecosystem Approach for the management of human activities in the
Mediterranean.(UNEP/MAP 2010a,b,c,d).
The UNEP/MAP 2011 report includes the families of DDTs and PCBs, as the more
representative persistent organic pollutants (POPs). The Drin’s (aldrin, endrin and
dieldrin), HCB and lindane were also considered. In summary, after selection and
harmonization of data, a total of 33,742 observations, corresponding to more than 400
stations monitored during the MED POL Phases III and IV (1999-2010) have been
included in the assessment.
Chlorinated pesticides have been extensively analyzed in Mediterranean biota since the
inception of MED POL (UNEP 1990). Mussels and mullets have been the most widely
studied organisms in the whole basin as part of many case studies published in the
literature and recently assessed on the occasion of the implementation of the Stockholm
Convention (UNEP 2002).
Concentrations of aldrin, dieldrin, endrin, lindane and hexachlorobenzene in Mytilus
galloprovincialis are in the low ng g-1 range. Concentrations of DDTs were one order of
magnitude higher, with p,p’-DDE being, in general, the predominant component,
although recent inputs of DDT in some areas cannot be ruled out.
Concentrations are higher in the Aegean-Levantine region for aldrin and dieldrin, and in
the Western Mediterranean for HCB and lindane. However, the highest values of HCB
and lindane are found in Turkey and Albania, with a number of important hot spots. In the
case of DDTs, their median values are similar for the four eco-regions, around 10ng g-1
dw, but again very high values are found in the Adriatic, corresponding to Albania.
Despite the similarity of the mean DDT levels for the four eco-regions, available data
indicate that contaminants are not uniformly distributed throughout the sub-regions.
PCBs occur in the vicinity of industrial and urban sites, as well as in major river mouths.
The geographical distribution of concentrations (7 ICES PCB congeners) in the indicator
organism Mytilus galloprovincialis is shown in UNEP/MAP 2011. The median values
show the higher levels in the Adriatic where the Albania samples are well above the

average, with values up to 1500 ng g-1 dw in one station of France.
Taking into account the limited data available, trends are just preliminarily assessed. The
analysis has been mainly focused on Mytilus galloprovincialis and Mullus barbatus, with
the exception of Israel, where the clam Mactra corallina has been considered. Moreover,
a few available time series for sediments from Israel (Haifa Bay) and France (Gulf of
Lions) have also been considered.
In the Western Mediterranean, the stations evidencing relatively high levels of PCBs are
still exhibiting increasing trends whereas those more pristine seem to be stable or
decrease.
In general, it was found that during the period 1979-1998 the decreasing trends were in
the order: ΣDDT > HCHs > PCBs, which may reflect that the regulation of the use of
these chemicals and, consequently, of the contaminant inputs to the sea was more
efficient for DDT and lindane than for PCBs.
During the last decade, HCHs (α-, β-andγ-isomers) were found in significant amounts (1–
30 ng L–1) in the marine wetlands of Amvrakikos and Thermaikos Gulfs in Greece and
in the coastal waters of Alexandria. Along the Spanish coast the levels were of 1.3–2 ng
l-1. Very recently, concentrations of 30–1500 pg l-1 of lindane and 5–427 pg l-1 of HCB
were found in NW Mediterranean coastal waters, off Barcelona, basically associated with
the dissolved phase. In the same stations, the concentrations of particulate and dissolved
PCBs in the subsurface waters averaged 0.57 and 1.2 ng l–1 (ΣICES-7 congeners),
respectively, in the range of those reported 15 years ago (Albaiges 2005).
HCB has been widely distributed in Western Mediterranean fish species, particularly in
coastal species. Measurable amounts of HCB were found in red mullet collected in the
NW basin, with levels on the Spanish coast (0.24–2.80 ng g–1 ww) slightly higher than on
the French one (0.42–0.97 ng g–1 ww) (Albaiges 2005).
Two mussel surveys were conducted along the Mediterranean coast of France and Italy,
between Sete and Genova, in 1973/1974 and in 1988/1989 in order to assess the temporal
contamination trend by organochlorine pesticides. The comparison of concentrations
measured in both surveys showed that DDTs and PCBs decreased by a factor of
approximately 5 in 15 years, from730 to 130 ng g–1 dw and 2430 to 527 ng g–1 dw
Aroclor equivalents, respectively. This decrease is in agreement with the ban of DDT
implemented in 1975 in western Europe and the gradual cessation of PCBs production in
the 1970s and 1980s. A later survey along the French coast, in 1995–1999, gave a mean
concentration of 17 ng g–1 dw (1.2–157 ng g–1), pointing to a sustained reduction of
levels. A similar trend was observed in mussels collected close to the Ebro River mouth,
where a decrease by a factor of 3 in DDTs, with a concurrent increase of the DDE/DDT
ratio was observed from1980 to 1990. The same survey revealed a decrease of HCB
concentrations by a factor of 5 (from 1–2 to 0.2–0.3 ng g–1). (Albaiges 2005).
As far as the monitoring of POPs is concerned, the RNO is composed of 23 shellfish

sampling sites, visited four times a year. Contaminants measured are DDT, DDD, DDE,
lindane (γ-HCH), α-HCH, PCBs (Congeners 28, 52, 101, 105, 118, 138, 153, 180) and
PAHs.
Atmospheric circulation and deposition estimates of POPs in the Mediterranean region
are scarce. First calculations were reported by GESAMP, based on very few data, but
showing that 80–95% of total inputs of POPs (e.g. HCB, HCH, DDT, chlordane and
PCBs) were atmospheric.
The extremely informative paper by (Gómez-Gutiérrez et al., 2007) presents a
compilation of measurements in sediments and has also concluded that a decreasing trend
is more evident for DDTs than for PCBs, indicating a steady input of the latter in the
Mediterranean Sea and the need for an improved management of their potential sources.
A detailed analysis for the 4 subregions: Western Mediterranean , Ionian Sea and and
Central Mediterranean subregion, Adriatic Sea, Eastern Mediterranean subregion can be
found in UNEP/MAP 2012.
Toxicological studies have found that PCB levels in deepwater fishes (Alepocephalus
rostratus, Bathypterois mediterraneus, Coryphaenoides guentheri and Lepidion lepidion)
were lower than in coastal fishes, close to the pollution sources, but much higher than
that of fish living on the continental shelf to upper slope (Micromesistius poutassou,
Phycis blennoides and Lepidorhombus boscii). PCB levels recorded were within the same
range as that of top predators like tuna ( Solé et al., 2001).
Available data indicate that organic contaminants are not uniformly distributed
throughout the Western Mediterranean. For example, concentrations of total DDT in
sediments range from <0.25 to 885 ng / g and PCBs from 1.3 to 7274 ng / g, higher levels
corresponding to the "hot spots" areas near outfalls waste water of major cities and at the
mouths of large rivers (e.g. Rhône).
The PCB congeners 31, 52, 156 and 180 are present at low concentrations and in
industrial areas or urban. The PCB 153 and 138 show maximum levels of accumulation
along the French coast, particularly at Marseilles and his emissary (respectively 42.3 mg /
kg and 27.6 mg / kg) and to a lesser extent al mouth of the Rhone basin of the
Mediterranean (after Scarpato et al., 2010). Concentrations are also important along the
Italian coast, in Napoli (28.0 mg / kg and 19.0 mg / kg) and Bagnoli (16.0 and 12.0 mg /
kg), in Sardinia at La Maddalena (PCB 153: 26.0 mg / kg, PCB 138: 12.0 mg / kg), at the
Llobregat mouth (18.1 and 14.4 mg / kg) and in Barcelona (11.0 and 8.2 mg / kg). In
southern Mediterranean, significant values for PCB 153 and 138 (20.5 and 14.1 mg / kg)
were demonstrated in Algiers.
Levels up to 400 mg / g fresh weight of DDT and 1400 mg / g wet weight of PCBs were
found in the fat of marine mammals (dolphins), far greater than the equivalent data in the
Atlantic. Some geographical areas are in situations of concern. These include estuaries
(Rhône, Ebro), bays and gulfs (Fos Sea, Bay of Algiers and Tunis, Genoa, Naples,

Algeciras) and areas affected by the landfill.
From the UNEP/MAP - MED POL database, it was shown concentrations of aldrin,
dieldrin, endrin, hexachlorobenzene, lindane, as measured in wild Mytilus
galloprovincialis, are low in the northwest Basin. Concentrations of DDT are higher,
especially the degradation products as p, p'-DDE.
An analysis of dioxins in mussels Mytilus galloprovincialis in 33 stations from the whole
occidental basin (Andral et al., 2004) shows highest values were recorded in Marseille
(2.66 ng/kg) with significant inputs. On the basin scale, the distribution of dioxins was
similar to the one of PCBs, with highest values at Barcelona, la Maddalena (Sardinia),
Algiers and Napoli but also in Toulon (Munschy et al, 2008, Andral et al 2008, 2011)
when Corsica and Northern Africa were the areas with lower concentrations.
In the North of the basin, total DDT concentrations in mussels Mytillus galloprovincialis,
decreased. More recently, an analysis of concentrations of DDT in the fatty parts of
bottlenose dolphins conducted between 1978 and 2002 different points on the coast of
western basin showed that concentrations were divided by 23.7 during this period
(Borrell and Aguilar, 2007).
According to UNEP/MAP-MED POL data, (UNEP/MAP - MED POL 2009a) the Central
Mediterranean and Ionian Sea were relatively free of hotspots of chlorinated
hydrocarbons in marine bivalves, at least according to the present availability of data.
Lower median levels were also estimated for total DDTs, and for lindane in the bivalve
Mytilus, when compared to median levels in other Mediterranean sub-regions.
Concentrations of aldrin, dieldrin, endrin, lindane and hexachlorobenzene in Mytilus
galloprovincialis are in the low ng g-1 range, with the exception of some stations from
Albania. Concentrations of DDTs were one order of magnitude higher, with p,p’-DDE
being, in general, the predominant component, although recent inputs of DDT in some
areas cannot be ruled out. Concentrations up to 9,779 ng g-1 dw of total DDTs were found
in mussels from the Albania coast, probably indicating the presence of stockpiles of DDT
in the country, as well as of lindane.
While PCB levels in Merluccius merluccius from the Adriatic Sea have slightly decreased
between 1993 and 2003 from 1,380 ng/g to 943 ng/g lipid weight. The remaining levels
are still high and the declining trend was not statistically significant. Such values are in
accordance to the PCB concentrations in other fish species from the same region
(UNEP/MAP - MED POL, 2009).
4 Great Lakes
State of the Great Lakes 2011: Environment Canada and the U.S. Environemntal
Protection Agency. 2014. State of the Great Lakes 2011. Cat No. En161-3/1-2011E-PDF.
EPA 950-R-13-002. Available at http://binational.net

Contaminants in birds: The long term trends (1974 to present) of virtually all legacy
contaminants are declining. The short term trends, those over the last decade, are a
mixture of some showing significant declines but others showing no significant change.
(p195)
Lake Superior Status: Good Trend: Improving. Rationale: The traditional legacy
contaminants, DDE, SUM PCBs and TCDD, have declined significantly in long term
(1974-2009) and short term (2000-2009). SUM BDE has not declined significantly in the
short term.
Lake Michigan Status: Good Trend: Improving. Rationale: The traditional legacy
contaminants, DDE, SUM PCBs and TCDD, have declined significantly both since the
1970s (1974-2009) and in the last decade (2000-2009). SUM BDE has not declined
significantly in the short term.
Lake Huron Status: Good Trend: Improving. Rationale: The traditional legacy
contaminants, DDE, SUM PCBs and TCDD and Hg, have declined significantly both
since the 1970s (1974-2009) and in the last decade (2000-2009). No significant change
for SUM BDE in the short term.
Lake Erie Status: Fair Trend: Unchanging. Rationale: The legacy contaminants, DDE,
SUM PCBs, TCDD and Hg, have all declined significantly since the 1970s (1974-2009).
However, none of them, as well as SUM BDEs has declined significantly in the last
decade (2000-2009).
Lake Ontario Status: Fair Trend: Unchanging. Rationale: The legacy contaminants, DDE,
SUM PCBs, TCDD and Hg, have all declined significantly since the 1970s (1974-2009).
However, none of them, as well as SUM BDEs has declined significantly in the last
decade (2000-2009).
Although there are Great Lakes wildlife species that are more sensitive to contaminants
than Herring Gulls, and colonial nesting waterbird species in general, there is no other
species which has the historical dataset that the Herring Gull does. As contaminant levels
continue to decline (if they do), the usefulness of the Herring Gull as a biological
indicator species may lessen (due to its reduced sensitivity to low levels of
contamination) but its value as a chemical indicator will remain and probably increase as levels become harder and harder to measure in other media. It is an excellent
accumulation tracker since many of the above biological measures are correlated with
contaminant levels in their eggs. In other colonial waterbirds, there are similar
correlations between contaminant levels in eggs and various biological measures.
Contaminant levels in eggs of other colonial waterbirds are usually correlated with those
in Herring Gulls. (p197)
Historical data on levels of chemical contamination in gull eggs are available, on an
annual basis, for most sites in both the Canadian and U.S. Great Lakes dating back to the
early 1970s. An immense database of chemical levels and biological measures from the

Great Lakes, as well as many off-Lakes sites, is available from the Ecotoxicology and
Wildlife Health Division at Environment Canada. Data on temporal trends, portrayed as
annual contaminant levels over time, for 1974-present in most instances, are available for
each site and each compound. For example, DDE, from 1974-2008, is available for
Toronto Harbour . Geographical patterns in contaminant levels, showing all sites relative
to one another, are also available for most years from 1974-present and for most
compounds. For example, PCBs, 2008, at 15 Great Lakes sites from Lake Superior to the
St. Lawrence River (including U.S. Sites). (p197)
The size and distribution of the waterbird populations which breed on the Great Lakes is
also an indicator of ecosystem health. Declining waterbird populations (number of
breeding pairs or nests) and vital rates (hatching success, fledging success, mortality
rates, etc.) can be indicators of local environmental stress. The Great Lakes- wide
population of colonial waterbirds has been censused jointly, by the Canadian Wildlife
Service and the U.S. Fish and Wildlife Service since the 1970s, approximately every 10
years; four “decadal” censuses have been conducted to date: in the 1970s, 1980s, 1990s
and 2000s. Briefly, and in the long-term (from the 1970s to the 2000s), these censuses
have shown that the breeding numbers of six species have increased: Double-crested
Cormorants, Black-crowned Night-Herons, Great Egrets, Ring-billed Gulls, Great Blackbacked Gulls, and Caspian Terns. Unfortunately, the numbers of three species, Great Blue
Heron, Herring Gull and Common Tern, have declined. In the short-term (from the 1990s
to 2000s), numbers of night-herons, the three gull species and Common Terns have
declined. For Common Terns, which have declined continuously since the first census,
the trend is alarming; numbers have declined from approximately 8,600 pairs to just
5,000 pairs (42%; Figure 3). The reasons for this decline are unclear but it is partially due
to competition for nest sites with Ring-billed Gulls and habitat loss. Although the Herring
Gull population is much more numerous (approximately 32,000 pairs), their decline
should be monitored, especially in Lake Huron, where numbers have declined from
approximately 33,500 pairs in the 1970s to 22,000 pairs in the 2000s (34%).
Long-term (greater than 25 years), basin-wide monitoring programs that measure whole
body concentrations of contaminants in top predator fish (Lake Trout and/or Walleye) are
conducted by both the U.S. Environmental Protection Agency (U.S. EPA) Great Lakes
National Program Office through the Great Lakes Fish Monitoring and Surveillance
Program, and Environment Canada’s (EC) Water Quality Monitoring Surveillance
Division, through the Fish Contaminants Monitoring and Surveillance Program, to
identify the risk of contaminants to wildlife consumers of fish and to monitor trends in
time. (p204)
More information on the monitoring programs can be found at the following websites:
http://www.epa.gov/glnpo/monitoring/fish/index.html and
http://www.ec.gc.ca/scitech/default.asp?lang=en&n=828EB4D2-1

Contaminants in Whole Fish: Overall Assessment Status: Fair, Trend: Deteriorating
Rationale: The assessment incorporates multiple contaminants and considers potential

effects of exposure to fish eating wildlife. Concentrations of PCBs and pentaPBDEs are
currently above guidelines in Lake Trout and Walleye in all the Great Lakes; however
concentrations of these contaminants are declining in most monitored fish.(p203)
Total polychlorinated biphenyls (PCBs) Basin Wide Status: Fair; Improving Total PCB
concentrations in Great Lakes top predator fish have continuously declined since their
phase-out in the 1970s. Median PCB concentrations in Lake Trout in Lakes Superior,
Huron, and Ontario and Walleye in Lake Erie continue to decline; however, they are still
above the target of 0.1 µg/g ww in the GLWQA.
Log-linear regression of Environment Canada data show the continued long-term annual
declines of 5% in Lake Trout from Lake Superior and 7% in Lakes Huron and Ontario
while PCBs in Lake Erie Walleye are declining by 3% per year. Similar analyses of U.S.
EPA data show no significant annual declines of total PCB in Lake Trout from Lake
Superior and 4%, 6%, 7%, and 4% annual declines in total PCB in Lake Trout from
Lakes Huron, Michigan, Ontario, and Lake Erie Walleye, respectively. Data collected
since the last SOLEC indicator report (2006-2009), show that total PCB concentrations in
composited Rainbow Smelt measured by Environment Canada were all less than 0.1 µg/g
ww in Lakes Superior and Huron.
In Lake Ontario, total PCB concentrations in Rainbow Smelt are declining by ~8% per
year since monitoring began in 1977. Recent studies have suggested that rates of decline
of PCB residues in fish are slowing or have stopped in some lakes in recent years.
Dichlorodiphenyltrichloroethane (DDT) and metabolites Basin Wide Status: Good;
Improving the concentration of opDDT and its metabolites, opDDD and opDDE,
(sumDDT) in Great Lakes top predator fish have continuously declined since the use of
the chemical was banned in 1972. Concentrations measured since the last indicator report
(2006-2009) remain well below the GLWQA target of 1.0 µg/g ww across the basin.
Based on data collected at EC monitoring locations, annual rates of decline are 6.8% in L.
Superior, 7.1% in L. Huron, 7.5% in L. Erie, and 7.3% in L. Ontario. Since the last
indicator report, the rates of decline appear to be consistent with historical trends. Annual
rates of decline determined using U.S. EPA data are slightly lower at 4.5% in L. Superior,
5.9% in L. Michigan, 5.9% in L. Huron, 6.0% in L. Erie, and 6.7% in L. Ontario. Rates of
decline at the U.S. monitoring stations in the years since the last indicator report appear
to be increasing (i.e. declining faster) in lakes Michigan, Huron, and Ontario compared to
historical trends while rates remain consistent with historical trends in Lakes Superior
and Erie. (p206)
Σα- & γ-Chlordane: Basin Wide Status: Good; Unchanging Concentrations of α- + γchlordane in whole Lake Trout and Walleye have consistently declined since the chemical
was banned by the U.S. EPA in 1988. In recent years, the concentrations in fish appear to
have reached a steady state with no significant increases or decreases. The highest
observed median concentrations since the last indicator report (2006-2009) are in Lake
Trout from Lake Michigan (0.018 µg/g ww), followed by Lake Ontario (0.012 µg/g ww).
Median concentration in Lakes Superior, Huron, and Erie are all below 0.01 µg/g ww.

There is no target for chlordane in whole fish in the GLWQA. A report on the levels of
chlordane in fish will not appear in future SOLEC indicator reports as focus is shifted to
contaminants with established environmental quality guidelines or targets. (p206)
Mirex Basin Wide Status: Good; Improving Mirex is regularly detected only in fish from
Lake Ontario due to historical releases in the Niagara River and other locations within the
lake’s watershed. Since the last indicator report (2006-09), median concentrations in Lake
Trout were 0.061 µg/g ww (EC) and 0.041 µg/g ww (U.S. EPA). Declines in the
concentration of mirex in Lake Trout from Lake Ontario are still declining at historical
rates of between 4 and 12 % annually. According to the guidelines listed in the GLWQA,
Mirex should be “substantially absent” from Great Lakes fish. (p207)
Dieldrin Basin Wide Status: Good; Improving The highest concentrations of dieldrin
(and related compounds endrin and andrin) in top predator fish are observed in Lake
Michigan (median = 0.034 µg/g ww) and Lake Ontario (median = 0.021 ug/g ww).
Concentrations have declined substantially since monitoring began in the lakes and are
still declining basin wide at rates ranging from 2 to 18% annually. There is no guideline
for dieldrin in whole fish in the GLWQA. This will be the last report on the levels of
dieldrin and related compounds SOLEC as focus is shifted to contaminants with
established environmental quality guidelines or targets. (p207)
Toxaphene Basin Wide Status: Fair; Improving Decreases in toxaphene concentrations
have been observed throughout the Great Lakes in all media following its ban in the mid1980s. A recent study on toxaphene trends in Great Lakes fish show that concentrations
remain the highest in Lake Superior (up to ~480 ng/g) and lowest in Lake Erie (up to ~50
ng/g) (Xia et al. 2012). Concentrations of toxaphene in Lake Trout and Walleye continue
to exhibit exponential temporal declines in all of the Great Lakes; however,
concentrations appear to level off starting in 2007 (Xia et al. 2012). Continued
monitoring of toxaphene in top predator fish in the coming years should confirm whether
toxaphene concentrations have reached a steady state in Great Lakes fish. (p207)
Polybrominated Diphenyl Ethers (PBDEs) Basin Wide Status: Fair; Improving The
production and use of three popular commercial formulations of PBDE have or are being
voluntarily phased out by industry in North America. The phase out of the more toxic
penta- and octa-BDE compounds started in 2004 and by 2012, the use of deca-BDE will
likely be reduced as a result of the voluntary withdrawal by industry
(http:/www.bsef.com). In a national survey of PBDE concentrations in top predator fish
from lakes across Canada, the highest concentrations were observed in fish from the
Great Lakes and >95% of the PBDE compounds in the fish were tetra-, penta-, or hexaBDEs (Gewurtz et al. 2011). Federal Environmental Quality Guidelines (FEQG) have
been developed by Environment Canada for these three homologue groups which are
meant to provide targets for acceptable environmental quality, assess the significance of
observed concentrations, and to measure the success of risk management activities. The
FEQGs to protect wildlife consumers of fish for tetra-, penta- and hexa-BDEs are 88, 1.0,
and 420 ng/g ww respectively (Environment Canada 2010). Routine monitoring of
PBDEs in whole top predator fish from the Great Lakes combined with retrospective

analyses of archived samples by the U.S. EPA and Environment Canada have provided a
complete picture of PBDE contamination in Great Lakes fish from 1977 to the present
day. Concentrations of PBDEs in Lake Trout and Walleye rose continuously through to
the early 2000s then began to decline. Log-linear regression of PBDE concentrations in
Lake Trout and Walleye (U.S. EPA; Lake Erie), show significant declining trends of
5.8%/year for tetra-BDEs, 6.4% for penta-BDEs, and 3.4% for hexa-BDEs in Lake
Ontario and annual declines of 19% for tetra- BDEs and 17% for penta-BDEs from Lake
Michigan. PBDE concentrations in Lakes Superior, Huron, and Erie also appear to be
declining as the slopes of the regressions are all negative; however, the slopes are not
significantly different from zero at α = 0.05 with a power of 80%. The majority of tetraBDE and all hexa-BDE concentrations reported for Lake Trout and Walleye in 2009 from
all the Great Lakes are below Environment Canada’s FEQGs; however, all measured
penta-BDE concentrations are well above the FEQG of 1.0 ng/g ww "
Routine monitoring of PFOS in whole Lake Trout from the Great Lakes combined with
retrospective analyses of archived samples from EC’s National Aquatic Biological
Specimen Bank have provided information on PFOS contamination in Lake Ontario
Great Lakes fish from 1979 to 2008 (Figure 7). Concentrations of PFOS in Lake Trout
rose continuously at a rate of 5.9%/year through to the late 1980s/early 1990s, after
which no consistent change in time was observed. This contradicts trends observed in
ringed seals in the Canadian Arctic, where significant PFOS declines were observed
within the year following voluntary phase-outs (Butt et al. 2007). This contradiction may
be due to continued inputs into Lake Ontario from the continued use of these substances.
Perfluorooctanoic acid (PFOA) is another common fluorochemical and major
manufacturers have voluntarily agreed to a 99% phase-out by 2015. However, PFOA is
not highly bioaccumulative and time trends were not reliably measured in fish.
Conversely, the concentration of two other fluorochemicals, perfluorodecane sulfonate
(PFDS) and Perfluorooctane sulfonamide (PFOSA), have declined consistently in Lake
Trout from Lake Ontario since 1992 at rates of 4.4% and 6.2% per year,
respectively.(p207)

Contamination in Sediment Cores Overall Assessment Status: Fair Trend: Improving
Rationale: Concentrations of legacy contaminants including PCBs and DDT are generally
below guidelines in the Great Lakes and declining. Other contaminants such as the
polybrominated diphenyl ethers (PBDEs) exhibit some exceedances of guidelines,
particularly penta-BDE in Lake Ontario; however, temporal trends show recent declines
as a result of management actions.(p220)
Bottom sediment contaminant surveys conducted in the Great Lakes from 1968 – 1974,
from 1997 – 2002 and more recent surveys provide information on the spatial distribution
of contaminants, the impacts of local historical sources and, in concert with sediment
cores, the response to management initiatives. Contaminants across several chemical
classes are measured in both surface sediment and sediment cores. The measured
contaminants with the highest occurrences, causes of degradation of sediment quality and
fish consumption restrictions are: Mercury • PCBs • Dioxins • HCB • Total DDT • Lead •

PAHs • Dioxins and Furans •(p221)
Comparisons of surficial sediment contaminant concentrations with sub-surface
maximum concentrations indicate that contaminant concentrations have generally
decreased by more than 35 per cent, and, in some cases, by as much as 80 per cent over
the past four decades (p222).
The presence of new persistent toxic substances represents a potential threat to the health
of the Great Lakes ecosystem. These compounds include perfluoroalklated compounds
(PFCs) and brominated flame retardants (BFRs), the latter of which are heavily used
globally in the manufacturing of a wide range of consumer products and building
materials. The BFRs have been found to be bioaccumulating in Great Lakes fish and in
breast milk of North American women. While end of the pipe discharges may not be
responsible for ongoing contamination, modern urban/industrial centres can act as diffuse
sources of current inputs. Sediment core profiles of brominated diphenyl ethers (BDEs)
and PFCs in Lake Ontario suggest that accumulation of these chemicals has recently
peaked, or continues to increase. The Lake Ontario BDE profile indicates a leveling off
of accumulation in the past decade, presumably as a result of voluntary cessation of
production of these compounds in North America. However, the deca-substituted BDE
209 is the predominant congener in sediment, and is still currently used. Despite these
trends, maximum concentrations of many BFRs and PFCs remain well below maximum
concentrations of contaminants such as DDT and PCBs observed in past decades.(p222)
Production of PFCs as stain repellents in carpets historically exceeded $1 billion
annually. Two classes of PFCs, the perfluoroalkyl sulfonate acids (PFSAs), particularly
perfluorooctane sulfonate (PFOS), and the perfluorocarboxylates, particulary
perfluorooctanoic acid (PFOA), are the most commonly measured PFCs; these
compounds are highly stable and persistent in the environment, and are potentially toxic.
Concentrations of PFCs in sediments of Great Lakes tributaries are highest in urbanized
and/or industrialized watersheds. In general levels of perfluoroalkyl sulfonate acids and
PFOS in tributaries and open waters of the Great Lakes are slightly higher than the
perfluorocarboxylates with the highest levels of PFCs generally found in areas of Lake
Ontario and the western end of Lake Erie and the Detroit River corridor. There is a
gradient toward increasing PFC contamination from the upper Great Lakes (Superior and
Huron) to the lower Great Lakes (Erie and Ontario) for both tributary and open-lake
sediments (Figures 3 and 4). Concentrations of PFCs in open-lake sediments are driven
not only by proximity to sources, but physical processes and bathymetry as well. The
highest PFC concentrations in open-lake sediments were found in Lake Ontario. The
spatial distributions of PFCs in Lake Ontario are fairly consistent across the lake, which
is primarily due to lake currents that evenly distribute suspended particles and across the
three major depositional basins.(p223).

Fish Consumption Restrictions Advisory Rating Scale
Overall Assessment Status: Fair Trend: Undetermined
The Fish Consumption Advisory Rating Scale Indicator was created to categorize the
different levels of risk to sensitive populations (children under 15 and women of child
bearing age) from consuming certain fish species in each of the Great Lakes. The
Indicator involves a five-level, Consumption Advisory Rating Scale that corresponds to
the current contaminant levels in Great Lakes fish. Protective measures associated with
each consumption advisory rating scale allows a flexible, graduated and appropriate
response to the level of risk from consumption. The information used to conduct this
analysis demonstrates that there are consumption advisories in all of the Great Lakes for a
variety of species of fish that are driven by PCBs, mercury, dioxin, chlordane, mirex and
toxaphene.
On the methods used for sampling water:
"Background Water quality samples for the analysis of toxics have been collected from
the Great Lakes since the mid 1980s as part of Environment Canada’s Great Lakes
Surveillance Program. Ship-based monitoring cruises are conducted to measure water
quality in each of the lakes upon which Canada borders. Measuring organic contaminants
in water is challenging, and it requires special equipment, techniques and knowledge. In
the first years of monitoring for organic contaminants, whole water samples were
collected. Special studies, conducted between 1992 and 1995, recommended collecting
surface, dissolved phase samples during the spring only (Williams et al., 2001). With the
exception of some in-use pesticides, maximum concentrations were observed during the
spring, and therefore represent the worst-case situation and can be used to determine
compliance with water quality objectives. Prior to 2004, samples for organic
contaminants were centrifuged to separate the dissolved and particulate fractions, and the
dissolved fraction was prepared for analysis immediately after collection, on board the
ship, using a Goulden large volume extractor (Goulden and Anthony, 1985). Extracts
were stored and returned to Environment Canada laboratory facilities in Burlington,
Ontario, for analysis using gas chromatography/mass spectrometry. Since 2004, we have
improved the technique and the 16 – 24 L samples are now stabilized in the field, and
brought back to a specially constructed clean laboratory at Environment Canada for
extraction. There appears to be less interference from extraneous contamination
(presumably from ship-derived pollutants). Improvements in laboratory methods have
resulted in much better (i.e., lower) detection limits for many compounds including PAHs
and some organochlorines. For some parameters, the improvements mean that we have
greater confidence in the more recent data compared to those obtained before 2004, but
this also means that longer-term trends are difficult to determine. For example, detection
limits for many polycyclic aromatic hydrocarbons (PAHs) have greatly improved.
Measurable concentrations of some PAHs are now reported in Great Lakes waters for the
first time; this does not necessarily mean that they were previously absent, but rather our
ability to detect them has improved. The Canadian Council of Ministers of the
Environment (CCME, 1999) has withdrawn the water quality guidelines for several of the
organochlorine compounds (aldrin, chlordane, dieldrin, endrin, heptachlor and PCBs) and

a water quality guideline is no longer recommended. Exposure to these compounds for
aquatic organisms is primarily via sediment, soil and/or tissue, therefore assessment of
environmental quality relative to sediment and fish tissue guidelines is instead
recommended. Indeed, these compounds are relatively hydrophobic and are difficult to
measure in surface waters. Because of those difficulties, and because of the short time
period of higher quality data that is available for assessing trends, it may be more useful
to assess longer term trends using sediments or fish as environmental quality indicators
for these compounds." (p426)
Levels in water
Lake Superior Concentrations of most organochlorine compounds are below detection
limits or declining, although data are insufficient in most cases to quantify the rate of
decline. Concentrations of a few organochlorines appear to be unchanging, such as HCB,
heptachlor epoxide and dieldrin, although the latter shows some indication of a more
recent decline (2005-2008). Increases are observed for the in-use pesticides atrazine and
possibly metolachlor. The overall temporal trend for toxics is therefore mixed.
Concentrations of most organic compounds are lowest in Lake Superior. This is likely
because historic sources of most compounds were predominantly located in more
industrial and agricultural regions. However, several compounds that are more
susceptible to atmospheric transport and deposition are found at higher concentrations in
the upper Great Lakes compared with the lower lakes. Compounds that are found at
higher concentrations in Lake Superior include a-HCH, lindane, g-chlordane, aendosulfan, endrin, and b-endosulfan (b-endosulfan was only found in trace quantities in
Lake Superior). An example of the spatial distribution of one of these compounds, aHCH, is shown using the most recent quality-assured data in Figure 1. No exceedences of
Canadian federal water quality guidelines are observed for any parameter in Lake
Superior.
Data are also available from the USEPA for Lake Michigan from 1994 to 1997 and from
the mid-2000s, and these are used for comparison purposes. Samples were collected from
six stations in Lake Michigan in 2006. Similar to Lakes Superior and Huron,
concentrations of most compounds were low. However, certain compounds showed
higher concentrations compared to the other Great Lakes, including dieldrin, heptachlor
epoxide and a-chlordane. Although the Canadian water quality guidelines are not
applicable to United States’ waters, comparison with the benchmark CCME water quality
guideline indicated no exceedences. Within Lake Michigan, higher values of certain
compounds (some PAHs, g- chlordane, a-endosulfan) were found at sites in the southern
basin compared to more offshore locations.(p427)

Lake Huron With inflows from both Lake Superior and Lake Michigan, the water quality
of Lake Huron tends to reflect these other two Great Lakes. North Channel waters tend
to reflect the outflow from Lake Superior, with very low values of many compounds
(such as PAHs and organochlorines such as dieldrin), but higher concentrations of
compounds that are deposited from atmospheric sources in Lake Superior, such as a-

HCH. The waters of Georgian Bay are similar to the main body of Lake Huron with
respect to toxic chemicals (i.e., low concentrations). Slightly higher concentrations of
some parameters (for example, HCB) have been observed in and near Saginaw Bay and
the inflow from Lake Michigan, compared to the remainder of the lake.
The overall status for most toxic compounds is better in Lake Huron compared to the
other Great Lakes. Temporal trends indicate little change over time. The ecosystem
objective has not been achieved in Lake Huron because toxics are still measurable and
because temporal trends are not demonstrating significant declines."(p428)
Lake Ontario. Many compounds, particularly those resulting from historical use in
industry and agriculture, are found at highest levels in the lower Great Lakes (Ontario
and Erie). These compounds include hexachlorobenzene (HCB), lindane, dieldrin, DDT
and its metabolites and some PAHs. The spatial distribution of HCB is shown in Figure 2.
Higher values of total PCBs are observed in Lake Ontario and along the southern shore
and western basin of Lake Erie compared to the upper Great Lakes. The monitored
current-use pesticides (atrazine and metolachlor) are observed in higher concentrations in
Lake Ontario. However, no CCME water quality exceedences are observed."(p429)
Detection limit has improved from 0.8 ng/L to 0.044 ng/L. Field and laboratory blanks
have improved as well, but background, extraneous PCB contamination remains
problematic. Total PCBs are detected in all Great Lakes waters, but concentrations are
significantly higher in sample water than in field blanks only in Lake Ontario and in the
western basin of Lake Erie.
Temporal trends are difficult to discern because of improved detection limits and
extraneous contamination as measured by laboratory and field blanks. The best record
exists for Lake Ontario, where toxics were measured on five occasions between 2004 and
2010. The data indicate values in the offshore have been relatively constant over this time
period (~190 pg /L). Studies conducted by the USEPA in spring 1993 indicated similar
values (range 110 – 190 pg /L), indicating no change over the past 15 years. (p429)
Dieldrin is detected throughout the Great Lakes. Lakewide average concentrations are
highest in Lake Michigan (184 pg/L) and lowest in Lake Huron and Georgian Bay (63 to
85 ng/L). Concentrations in most lakes are declining. In Lake Ontario, the rate is about
6.6 pg/L·yr (p<0.001), resulting in a half-fold time of approximately 16 years (starting
from 1992). In Lake Erie the rate is about 8.9 pg/L·yr (p=0.04) and in Lake Superior the
rate is about 3.3 pg/L·yr (p=0.078). In Lake Huron, dieldrin appears to be increasing at a
rate of 5.9 pg/L·yr (p=0.056) but the data are relatively sparse and the trend in Lake
Michigan is unknown.(p429)
Lindane (g-HCH) is detected in all of the Great Lakes. Concentrations are highest in
Lake Superior and lowest in Lake Huron, Georgian Bay and Lake Michigan. The
temporal trend shows that lindane is declining in all the lakes (no temporal information is
available for Lake Michigan). The use of lindane in the US and Canada started to be
restricted in the 1970s and in 2007 its major uses were banned entirely with the

exemption of its use for the treatment of head scabies and lice. The marked decline in the
lakes reflects the success of usage restrictions. The high concentrations found in Lake
Superior are likely due to atmospheric deposition and slower volatilization and
breakdown at lower water temperatures.
For over 40 years, the Great Lakes Surveillance Program has monitored water quality in
the Great Lakes, and since approximately 1986, toxic contaminants have comprised an
important component of that program. Knowledge of the concentration of toxics
dissolved in Great Lakes waters is important for comparison with other measurements in
water (e.g., tributaries and precipitation), for the assessment of bioaccumulation and
bioconcentration behaviours and rates, and for the calculation of water-atmosphere fluxes
in order to assess atmospheric deposition and volatilization of contaminants. The longrange atmospheric transport of contaminants remains an important concern, particularly
to more northern Great Lakes.(p431)
Concentrations of many substances are extremely low; in the part per quadrillion (1 ×
10−15) to part per trillion (1 × 10−12) range. Routine monitoring for determining trends
might be better accomplished, for some parameters, using sediment and fish samples.
Contaminants in sediment can be used to indicate long-term changes in contaminant
concentrations, as the settling of sediments represents a long- term sink for contaminants
as they are gradually buried over time. Contaminants in fish are better indicative of the
exposure of aquatic organisms to toxics in lake water and through their food chain.
Because many of the legacy toxics are bioaccumulative and hydrophobic, higher
concentrations can be measured in sediment and fish and these media are more
appropriate for assessing ecosystem health. It remains important, however, to continue
periodic monitoring of Great Lakes waters to verify concentrations and trends.
Monitoring water concentrations is important for assessing compounds that are soluble in
water such as certain in-use pesticides, selected legacy toxics as well as many of the
compounds of emerging concern.(p431)
All water data from Great Lakes Surveillance Program, Water Quality Monitoring and
Surveillance, Environment Canada, Burlington, Ontario. GLSP-PSGL@ec.gc.ca,
Supplementary data for Lake Michigan from Great Lakes National Program Office, US
EPA, Chicago Ill.(p432)
5 Antarctica
The ECA 2009 report includes the following information:
Studies to determine POPs in the aerosols during the last decade were carried out to
define mechanisms and processes contributing to their presence in Antarctica and also to
differentiate between local sources and long-range transport. Indeed there is evidence that
aerosols are the main medium contributing to long-range transport in Antarctica.
Comparable levels of PCBs content in seawater from north and south of the Antarctic
Convergence were reported, indicating that the atmosphere, not the water, was the
dominant pathway for the transport of PCB compounds to the Antarctic.

A study of temporal trends of OCP was carried out by measuring the content of HCB,
heptachlor, α- and γ-HCH, heptachlor epoxide in air, seawater, sea ice, and snow samples
from the Western Antarctic Peninsula. The results showed that HCB and HCH levels
declined over the past 20 years, with a half-life of 3 years for ΣHCH in Antarctic air.
However, heptachlor epoxide levels have not declined in Antarctic air over the past
decade, possibly due to continued use of heptachlor in the southern hemisphere. Peak
heptachlor concentrations in air were measured in coincidence with air masses moving
into the region from lower latitudes. The ratio of α/γ-HCH in Antarctic air, sea ice and
snow was <1, illustrative of a predominance of influx of lindane versus technical HCH to
theregional environment. Water/air fugacity ratios for HCHs demonstrate continued
atmospheric influx of HCHs to coastal Antarctic seas, particularly during late summer.
Few investigations have been carried out to determine the POP content of seawater. One
recent investigation was carried out to study the vertical distribution of PCBs and PAHs
in the coastal area of the Ross Sea during the Antarctic summer (from November to
February). PCBs and PAHs showed a concentration range in the water column of 30–120
pg l-1 and 150–400 pg l-1, respectively, and these values were strongly dependent on the
suspended matter content. A nearly two-fold decrease in the pollutant concentration was
also observed in the depth profile obtained in February, i.e. late summer, which might be
correlated both with the increase of sedimentation due to the high content of suspended
matter, and the reduction of the pollutant input.
Moreover, isomer ratios of PAHs, such as PHE/ANT and low molecular weight
PAHs/high molecular weight PAHs (LMW/HMW) highlight that the main PAH source
might be petrogenic in nature, whereas the pyrolytic source seems to be less important.
In consideration of the mechanism of cold condensation, the surface waters play an
important role in the global distribution and in the long-range transport to cooler regions.
The sea surface micro-layer (SML) (0.1-0.001 mm) is the geographically widest
environmental interface that can be accessed by sufficiently reproducible sampling
methods. It is the site where many important processes occur, including the accumulation
of pollutants and other chemical substances, atmospheric particles, and microorganisms.
Most of the studies on POPs in the sea- surface micro-layer have been undertaken in
coastal environments. Very few data are available from the open ocean, and there is a lack
of data on the sea-surface micro-layer in remote areas, in particular on the presence of
POPs in the Southern Ocean.
The surface water is normally described by a widely accepted conceptual model based on
a multi-layer structure in which individual layers may have different properties and
thickeness.
Sea surface micro-layer (SML) and sub-surface seawater (SSW) samples were gathered
simultaneously. Sea surface micro-layer samples showed a total content of PCBs and
PAHs in the range 400–450 pg l-1 and 2000–3000 pg l-1, respectively, whereas the mean

contents in the sub-surface sea water samples were 48 pg l-1 and 325 pg l-1, respectively.
The mean enrichment factors of PCBs and PAHs in the sea-surface micro-layer were
about 10 and 7, respectively.
A series of surveys in a large area of the Ross Sea and Victoria Land was performed in
the period 1988-1992. The results showed a low and quite homogeneous distribution in
surface water of PCBs with a mean concentration of 130 pg l-1.
The concentration and the distribution of PCBs was also determined in marine sediments,
and the mean content normalized for the relevant calculated specific surface area was 150
(pg g-1)/(m2cm-3).
More recently studies were carried out to determine emerging POPs, like polybominated
dyphenil ethers (PBDEs), very commonly used as flame-retardants. Studies were carried
out to assess the local sources of this class of POPs related to activity at bases. PBDE
concentrations were determined in indoor dust and waste water sludge from the U.S.
McMurdo and New Zealand- operated Scott Antarctic research bases. Levels tracked
those in sludge and dust from their respective host countries. The major constituent in the
commercial deca-PBDE (BDE-209) was the dominant congener in sludge and dust, as
well as in aquatic sediments collected near the McMurdo wastewater outfall. The pattern
and level of BDE-209 sediment concentrations, in conjunction with its limited
environmental mobility, suggested to the authors inputs from local sources.
Soil and lake sediment samples have been included in several studies on the
environmental contamination of Antarctic regions. Total PCB mean concentration was
0.12 (87%) ng g-1 dry wt for lake sediment samples and 0.06 (38%) ng g-1 dry wt for soil
samples collected in a large area of Victoria Land. These values were similar to those
reported in lake sediments of Arctic regions (0.12–0.60 ng g-1 dry wt).
In fact, in the lake core sediments with glacier melt water input, the accumulation flux of
DDT shows an abnormal peak around the 1980s in addition to the expected one in the
1960s, which is most likely caused by the discharge of the DDT stored in the Antarctic
ice cap into the lakes. 4,4'-DDE and 4,4'-DDT were also measured in soil samples from
Victoria Land. The concentration range was 0.053–0.086 and <0.005–0.020 ng g-1 dry wt,
respectively. The higher abundance of 4,4'-DDE over 4,4'-DDT precludes that their
occurrence may be due to recent spillages. Moderate (2–7 ng g-1 dry wt) and high (90–
157 ng g-1 dry wt) PCB concentrations, along with high level of HCHs and DDTs, were
observed in soil samples from the Eastern coast of Antarctica. This local contamination
was attributed to biotic focussing of pollutants, due to bird activities (nesting and
excrement). High concentrations were also observed in soil samples from James Ross
Island: PCBs 0.51-1.82 ng g-1 dry wt, HCHs 0.49-1.34 ng g-1 dry wt, DDTs 0.51-3.68 ng
g-1 dry wt. Among soil HCH, only the isomer α-HCH was found above limit of detection
between <0.01 and 0.026 ng g-1 dry wt. HCB ranged between 0.034 and 0.17 ng g-1 dry
wt. DDT and HCH were also measured in two lake cores from King George Island, West
Antarctica. All concentration ranges are similar to those reported in Arctic lake
sediments.

PCBs were measured also in surface snow samples gathered in Victoria Land at several
sampling sites located at different altitudes (from sea level to 3,000 m) and at varying
distances from the sea. The total PCB concentration showed no significant spatial
variations (range 0.28–0.73 pg g–1; mean value 0.52 pg g–1). Moreover, samples from a
2.5-m deep pit at the Hercules Névé collected in summer 1993–1994 and 1994–1995
showed slight higher total PCB concentration (1 pg g–1) in the deepest samples
(presumably deposited around 1986-1988) than in surface snow (0.65 pg g–1). This result
seems to corroborate previous findings and agrees with the general decreasing trend in
POP concentration in the atmosphere of Antarctica and the sub-Antarctic islands during
the 1980s and 1990s. These values were about 4 times lower than the average 4.1 pg g–1
reported for Canadian Arctic snow.
Lichens and mosses are the principal component of terrestrial flora in many ecosystems
of Antarctica whose nutrient supply depends largely on atmospheric deposition. Thus,
they can play a very important role as bio-monitors and long-term integrators of
persistent contaminant deposition.
POPs were measured in several samples collected in a large area of Victoria Land. Total
PCBconcentration in mosses ranges between <5 and 34 ng g-1 dry wt. These values are of
the same order of magnitude as those reported for the moss Hylocomium splendens in
Norway, e.g. 6.7–52 ng g-1 dry wt. The concentration ranges of HCB, 4,4'-DDE and 4,4'DDT were 0.85–1.9, 1.1–7.9 and 0.54–0.91 ng g-1 dry wt., respectively. 4,4'-DDE showed
higher concentration than 4,4'-DDT in all samples, which is consistent with a long-range
transport as responsible for the transformation of 4,4'-DDT to 4,4'-DDE after release into
the environment. α-HCH and γ-HCH concentration ranges were 0.43–4.0 and 0.18–1.6
ng g-1 dry wt., respectively. In almost all cases α-HCH was found in higher concentration
than the γ-isomer. The high proportion of the α-isomer is consistent with previous
observations in other remote sites, as these areas currently reflect past usage of α -HCH
enriched technical mixtures. These low values of the Antarctic mosses confirm the
absence of local pollution sources and the lower use of organo-chlorine (OC) compounds
in the southern hemisphere.
The overall tendency of lower molecular weight PAH compounds, less chlorinated PCB
congeners as well as other more volatile POPs as HCB to be prevalent indicates that
long-range atmospheric transport is the most important source of contamination in
Antarctica, although high POP levels in proximity of scientific stations need to be
continuously monitored.
The reduced frequency of occurrence and concentration of pesticides in Antarctic pelagic
plankton can be attributed to decreases in use and to the subsequent decrease of
atmospheric concentration over the past few decades. The decline in α- + γ-HCH in
Antarctic plankton over time yields an estimated environmental half-life of 2 yr for
HCHs in coastal Antarctic surface waters. Phytoplankton (mainly diatoms) and mixed
zooplankton (copepods, amphipods and krill) samples from Ross Sea showed a total PCB
concentration of 1 and 4.2 ng g–1 wet wt. respectively.

Krill (Euphausia superba): in 2008 samples from the eastern Antarctic sector HCB was
the single most abundant compound quantified : 4.37 ng g-1 lipid wt or 0.2 ng g-1 wet wt.
HCB concentrations were comparable to those detected at this trophic level in both the
Arctic and temperate northwest Atlantic, lending support for the hypothesis that HCB
will approach global equilibrium at faster rate than other chlorinated pesticides- p,p'-DDE
was detected at notable concentrations: 2.6 ng g-1 lipid wt 0.13 ng g-1 wet wt; PCB
content was very low (1.2 ng g-1 lipid wt and 0.5 ng g-1 wet wt) in relation to the Arctic
and also to previous data (about three orders of magnitude lower than values reported for
the Ross Sea).
Pelagic marine mammals, samples in 2008 of Antarctic Type C killer whales: PCBs,
DDTs, CHLs, HCB and HCHs were determined in blubber samples and was found that
Type C killer whales have the lowest levels of POPs (except HCB) of any killer whale
population studied to date.
Coastal benthic organisms The Antarctic shelf is dominated by a single suborder of fish
(notothenioids), and most benthic and epibenthic species are notothenioids belonging to
the genus Trematomus (e.g. T. bernacchii). Trematomus bernacchii is an ideal
bioindicator of local contamination because it has restricted home ranges and is
ubiquitous.
Penguins About 90% of the avian biomass in Antarctica consists of penguins. In 2008 –
samples of Adelie penguin eggs and fat: p,p'-DDE levels have not declined in the Palmer
population of Adelie penguins in more than 30 years. In contrast, ΣDDT decreased
significantly from 1975 to 2003 in Arctic seabird eggs. ΣDDT in the fat of Adelie
penguins from Cape Crozier measured in 2006 was significantly higher than that
measured in 1964. p,p'-DDT/p,p'- DDE ratios <1.0 for several Antarctic organisms,
including Adelie penguin eggs, suggest contamination by old DDT. But two independent
measurements of ΣDDT indicate that 1-4 kg y-1 ΣDDT is currently being released into the
Antarctic marine environment due to glacier ablation.
In 2003 - samples of Weddell seals blubber from King George Island: DDT (11-19 ng g1) and PCB (1-2.5 ng g-1) concentrations are the lowest value so far detected in
comparable marine mammals from all over the world and one order of magnitude lower
than in samples of the same species from other sites in the Antarctica. This suggests a
wide variability of organohalogen levels in the Antarctica, depending on the geographic
site;
World regional comparison Average DDT, PCB, HCB and HCH concentrations in
samples of Weddell seal blubber from various Antarctic locations are from one to three
orders of magnitude lower than average values in the blubber of Arctic seals. Finally, the
γHCB/αHCH ratio was >1 while in Arctic samples it was always <1;
In samples of 2002 – eggs of Adélie penguins and South Polar skuas: skua eggs had the
highest concentrations of total PCDD/DFs (181 pg g–1), and an estimated concentrations
of 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents (TEQs) (PCDDs, PCDFs and dioxin-

like PCBs) in skua eggs of 344 pg g–1 higher than in the liver of polar bears (mean = 120
pg g–1). These concentrations were close to values that may cause adverse health effects.
The mean value in skua eggs, for instance, was only two- fold less than the toxicity
threshold value reported for American kestrel eggs.
Most of the studies reveal that higher concentration of PCB, PAH and PBDE are
measured in the vicinity of research station and their sewage outfall.
Krill . It seems that there is no bio-magnification from plankton to krill. Between
contaminants the organochlorine pesticides dominate with HCB being the most abundant.
Type C killer whales have the lowest POPs concentrations (except HCB) but still several
times higher (up to 90 fold) than the Antarctic minke whale. This is likely due to diet
type, which for the first one consists of fish and other higher trophic level species, while
for the second one it consists mainly of krill.
The ECA REPORT 2009 includes the following recomendations
1. An internationally coordinated Antarctic Monitoring and Assessment Programme
(AnMAP) should be established.
2. All published data should be collected in a global database and archived in a way in
which they can be used effectively for global assessment data. The possibility to point out
gaps will make it possible to involve research units of various national research
programmes in Antarctica in a coordinated network aimed at covering such knowledge
gaps.
3. A database should be created, with limited access if required, containing all data
collected within the national monitoring programmes on the local environmental impacts
of research stations, according to the Madrid protocol.

The following table presents results of PFOS in biota of Antarctica from five research
studies (Bengtson Nash et al., 2010; Giesy and Kannan, 2001; Llorca et al., 2012;
Schiavone et al., 2009; Tao et al., 2006) that are displayed in figure 5.2.4g of the report.

Table 1 Levels of PFOs and PFASs in biota and superficial soil in five research studies.
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Yellow-nosed)
livers
WHITE
CHINNED
PETREL
(Procellaria
aequinoctialis)
muscle
ANTARCTIC
PETREL
(Thalassoica
antarctica)
muscle

SOUTH POLAR
SKUA
(Stecorarius
maccormicki)
plasma, eggs
and whole blood
SUPERFICIAL

PFCs
(ng/mL or
g wet
weight)
Substa
Year
nce
PFPeA
PFHxA
PFHpA
PFOA
PFNA
PFBS
PFOS
2010
FOSA

Median (range)
(1.0 – 1.69)
nd
nd
(0.30 – 1.80)
nd
nd
(66.3 – 111)
Nd

2006

PFCs

Nd

Ardley Island,
Antarctica
60-70º S; 3080º E
East-Antarctic
sector,
Antarctic

20042005

PFOs
PFOA
PFCAs

2.2 (<0.5 – 20.7
)
(<0.6 – 7.84)
Nd

1.2 (one bird)

19992005

19992006

PFOS

PFCs

1990s

PFOs

1998/1
999
2010

PFOs
PFPeA

Nd

1.2 (<1 - 1.4)
2.51 (2.08 3.12)
0.88 (0.24 1.36)
Nd

Population/ Nr
of samples

Reference

3

Llorca, M. et al.,
2012

16 (pooled adult
samples)

Bengtson Nash
et al., 2010

Southern
Ocean

102

Tao et al., 2006

51-52º S; 7375º E
Migratory

5

Bengtson Nash
et al., 2010

5

Bengtson Nash
et al., 2010

2

Giesy and
Kannan,
2001

3 eggs
3 blood
3

Tao et al., 2006
Llorca M., 2012

Location

65-66º S; 5287º E
Antarctic
Ross Sea
region,
Terra Nova
Bay, Antarctica

Antarctica
Aitcho Islands,

SOIL

GENTOO
PINGUIN
(Pygoscelis
papua) dung

GENTOO
PINGUIN
(Pygoscelis
papua) tissues

GENTOO
PINGUIN
(Pygoscelis
papua) and
ADÉLIE PINGUIN
(Pygoscelis
adeliae) eggs
ADÉLIE PINGUIN
(Pygoscelis
adeliae) muscle

ANTARCTIC FUR
SEAL
(Arctocephallus
gazella) muscle
and liver
ANTARCTIC FUR
SEAL (WESTERN
SECTOR) liver
and muscle

2010

2010

PFHxA
PFHpA
PFOA
PFNA
PFBS
PFOS
FOSA
PFPeA
PFHxA
PFHpA
PFOA
PFNA
PFBS
PFOS
FOSA
PFPeA
PFHxA
PFHpA
PFOA
PFNA
PFBS
PFOS
FOSA

(0.16 – 0.83)
nd
nd
nd
nd
(0.32 – 0.36)
Nd
Nd
(19.9 – 237)
nd
(0.63 – 3.98)
(0.78 – 4.33)
(10.9 – 45.9)
(95.2 – 603)
Nd
(0.11 – 2.27)
(0.26 – 0.61)
nd
nd
(0.28 – 0.31)
nd
(0.063 – 0.103)
Nd

PFOS

0.28 (0.13 0.49)
0.38 (0.18 0.89)

Antarctica

Ardley Island,
Neko Bay,
Winter Island,
Antarctica

6

Llorca M., 2012

Ardley Island,
Antarctica

6

Llorca M., 2012

13 Gentoo
13 Adélie

Schiavone et al.,
2009

4 adults
3 chicks
1 adult

Bengtson Nash
et al., 2010

8 blood

Tao et al., 2006

6 eggs

Tao et al., 2006

20 muscle
17 liver

Schiavone et al.,
2009

6

Bengtson Nash
et al., 2010

19982003

PFCs

Nd

2001

PFOs

Nd

19951996

PFOs

Nd

PFOS

1.29 (0.42–
3.59)
9.01 (1.8517.25)

King George
Island, South
Shetland,
Antarctic
Peninsula
67º S; 62º E
Ross Sea
region and
east-Antarctic
sector,
Antarctic
Admiral Bay,
South
Shetlands,
Antarctica
Edmonson
point,
Antarctica
Livingston
Island, South
Shetland,
Antarctic
Peninsula

2.0 (one adult)

54º S; 38º W
Antarctic, SubAntarctic

20042005

20032004

2004

PFOS

ANTARCTIC FUR
SEAL
(Arctocephallus
gazella)
(EASTERN
SECTOR) muscle
WEDDELL SEAL
(Leptonychotes
weddelii) muscle
and liver
SOUTHERN
ELEPHANT
SEALS
(Mirounga
leonina) blood
HUMPBACK
WHALE
(Megaptera
novaeangliae)
muscle

20022003
19701995
19952005

20042005

2006

PFCs

Nd

PFCs

Nd

PFOs

<35

PFOs

0.53 (<0.08 –
3.52)

53º S; 73º E
Heard and
McDonald
Island,
Antarctic, SubAntarctic
68º S; 78º E
East-Antarctic
sector,
Antarctic
Terra Nova
Bay, Antarctic
Elephant
Island, South
Shetlands,
Antarctic
Peninsula

Nd

27º S; 153º E
East-Antarctic
sector,
Antarctic

PFCs

5

Bengtson Nash
et al., 2010

1

Bengtson Nash
et al., 2010
Giesy and
Kannan, 2001

59

Tao et al., 2006

1

Bengtson Nash
et al., 2010
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