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1. Introduction

Monitoring of coastal bird eggs has proven to be an excellent method for monitoring
chemical pollution as the eggs indicate local pollution, and in the long term reveal
temporal trends in the contamination of reproductive females and by extension of the
environment. Since 1981, monitoring of seabird eggs along the German Wadden Sea
coast has been carried out by the Institute of Avian Research with the aim of assessing
environmental pollution by anthropogenic contaminants such as mercury and
organochlorines (Becker et al., 1992). Since 1998, the parameter “Contaminants in
Bird Eggs” has been incorporated into the Trilateral Monitoring and Assessment
Program (TMAP; Becker et al., 2001). As top predators of the food chain in the
Wadden Sea, the common tern (Sterna hirundo) and the oystercatcher (Haematopus
ostralegus) were chosen as indicator species (Figure 2). Due to their different feeding
ecology — common terns feed on small pelagic fish and crustaceans whereas
oystercatchers prefer mussels and worms - the diet of these two species represents
major parts of the Wadden Sea ecosystem. In the spring of each year eggs of these two
species were collected at a total of 16 breeding sites across the whole Wadden Sea
(Figure 1). In these eggs concentrations of mercury and organochlorines, including
industrial chemicals like polychlorinated biphenyls (EPCB) and hexachlorobenzene
(HCB) as well as toxic pesticides like dichlorodiphenyltrichloroethane (ZDDT) and
hexachlorocyclohexane (XHCH), were determined (see Annex for details).

This report provides an update of the information presented in the 2009 QSR. One
focus is the geographical variation of bird egg contamination within the Wadden Sea
in 2015 (see chapters “Spatial trends in oystercatcher” and “Spatial trends in common
tern”). Another focus is on temporal trends. The data were separated into three
periods: i.e. a short-term period covering the last five years (2011-2015), a medium-
term period including all data of the running TMAP-project (1998-2015) and a long-
term period of 34 years including data previously collected in the context of TMAP
(1981-2015).
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Figure 1. Annual sampling sites of common tern and oystercatcher eggs analysed for
contaminants since 1998. The Netherlands: 1 Balgzand, 2 Griend, 3 Julianapolder, 4
Schiermonnikoog, 5 Delfzijl; Germany, Niedersachsen: 6 Dollart, 7 Baltrum, 8
Minsener Oog, 9 Mellum (8 + 9 = Jade Bay), 10 Hullen; Germany, Schleswig-Holstein:
11 Neufelderkoog (10 + 11 = Elbe estuary), 12 Trischen, 13 Norderoog (until 2006),
14 Hallig Hooge (since 2007); Denmark: 15 Margarethenkoog; 16 Langlie. At the sites
4 (since 2005), 7, 11 and 15 only common tern eggs were collected, at the sites 3 (since
2005), 6, 7, 9 and 16 only oystercatcher eggs were taken; at sites 1, 2, 3 (until 2004),
5, 12 and 13/14 eggs of both species were sampled.

The results show that in most cases the eggs of oystercatcher had a lower
contamination level oystercatcher than those of the common tern eggs, due to the
higher trophic level of the fish-eating terns. In all years the Elbe estuary was the area
most affected by pollutants, carried by the river. The temporal trends for 1981-2015
show a clear decrease in the contaminant levels, mainly during the early 1990s, due to
changes in the industrial sector caused by the German reunification. Concentrations of
many contaminants are still at a high level, but below the values known to affect bird
reproduction (Munoz Cifuentes, 2004). Nowhere are the Ecological Quality Objectives
(EcoQOs) defined by OSPAR for coastal bird eggs from the North Sea area (Dittmann
et al., 2012) close to being fulfilled. For the eggs of the common tern the OSPAR limits
of Hg (160 ng/g), PCB (20 ng/g), HCB (2 ng/g) and DDT (10 ng/g) were exceeded at
all investigated areas in 2015. For the oystercatcher eggs the values were below the
limits of Hg (100 ng/g) at two places only, while this was the case for HCH (2 ng/g)
and HCB (2 ng/g) at three sites each. However, the results for PCB (20 ng/g) and DDT
(10 ng/g) exceeded the EcoQO levels at all places.
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2. Status and trends

Spatial trends in oystercatcher

In 2015 the concentrations of the mentioned substances in oystercatcher eggs
showed only small geographical differences. The highest levels of PCB and DDT were
detected at the Elbe while HCH reached highest levels at Griend. Conspicuous were
the HCB concentrations in oystercatcher eggs at Delfzijl, which were two to nine times
higher compared to other sites in the Wadden Sea. This concentration peak has been
observed for many years and may be caused by contaminated water and sediment
from the Sea Harbour Channel in Delfzijl (Eggens & Bakker, 2001). During the period
from 2008-2012 (see TMAP reports 2011 and 2012) increasing concentrations were
evident after the HCB concentration had decreased until 2000 (Eggens & Bakker,
2001). After an increase in 2014 the concentrations in 2015 were clearly lower
compared to the previous year and reached the level of 2008/2009 (Figure 4B,
midterm trends 1998-2015). Compared to 2014 the measured concentrations were
slightly lower in the case of PCB, DDT, HCH and Chlordanes, but tended to be higher
for Hg. Concerning HCB the measured concentrations were up to three times lower
compared to the year before, also at Delfzijl. However, the measured concentrations of
the dioxin like PCB congeners (TEQ) were highest there in 2015 (for more details see
chapter “TEQs”).

Table 1. Mean concentrations in ng/g (fresh mass of egg content) and standard
deviations (SD) of environmental chemicals analyzed in oystercatcher and common tern
eggs in 2015. For each species ten eggs are sampled per site. Green indicates the
undercut of the limit value defined by OSPAR for coastal bird eggs from the North Sea
area (Ecological Quality Objectives (EcoQOs), ICES 2003, 2004; OSPAR, 2007;
Dittmann et al., 2012. Species-specific limit values for the different substances are
shown in the header of the table. Mean concentrations up to twice times the limit value
are marked in yellow and mean concentrations that exceeded the limit value more than
twice are marked in red. For chlordane no limit values have been defined up to now.
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Figure 3. Geographical variation of the contaminants analysed in common tern and
oystercatcher eggs in the Wadden Sea in 2015. Mean concentration (ng/g fresh weight
of egg content) and 95 % confidence intervals of ten sampled eggs per species and site
are presented.
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Spatial trends in common tern

In 2015 prominent concentration peaks of Hg, PCB, DDT, HCB, HCH and also the
TEQs were found in the common tern again at the Elbe estuary. Subsequently, a
continuous decrease of pollution was recorded with increasing distance from the Elbe
estuary, which tallies with the observations from previous years. The second highest
levels were found mostly at Trischen, as the area is influenced most by the water of the
Elbe. But in 2015 high HCB concentrations were also found in the western areas of the
Wadden Sea. Different from 2014, there were strikingly increased geographical
differences of the Hg concentrations in common tern eggs, but without a clear pattern.
High Hg concentrations were observed not only at the Elbe or surroundings areas but
also at Griend, Delfzijl and the Halligen. The average level of 400 ng/g Hg over all
investigated areas of the Wadden Sea was clearly higher than in 2014. Compared to
other contaminants, a lower influence of HCB was recorded at the Elbe. The
concentration showed only small geographical differences and tended to reach a level
of approximately 7 ng/g fresh weight which is clearly lower compared to 2014, but
clearly higher compared to oystercatcher eggs. For Hg and PCB the concentrations in
common tern eggs tended to be higher in 2015 than in 2014, whereas for DDT and
HCH they were similar.

Reflection of spatial trends in both species

In general, the species-specific spatial contamination patterns in 2015 remained
similar to those recorded in 2014 and the previous years. The contamination pattern
for the common tern again showed clear concentration peaks at the Elbe. By contrast,
the contamination pattern for the oystercatcher was inconsistent, showing different
geographical peaks for each substance. The species-specific patterns may have been
influenced by differences in the feeding ecology, with the oystercatcher possibly
foraging to a higher degree in terrestrial habitats at some of the investigated sites. This
might explain why in particular at the Elbe, no maximum concentrations were found
in the oystercatcher whereas this was the case for the common tern. Furthermore, for
the oystercatcher, which is a benthic feeder, contaminants bound to sediment particles
are probably more important than for the common tern, which is a pelagic feeder. In
addition, the fact that some oystercatchers are present in the Wadden Sea during the
whole year might have affected the contamination patterns recorded. In general, the
data underline the importance of the large rivers Elbe and Ems for the influx of several
contaminants into the Wadden Sea. For Hg, PCB, HCB and DDT, contamination levels
tended to be higher in the common tern than in the oystercatcher (except for HCB at
Delfzijl), reflecting the higher trophic level of the piscivorous common tern with an
even more effective bioaccumulation of pollutants. However, at most study sites
chlordane concentrations were clearly higher in oystercatcher eggs than in common
tern eggs.

In the past, the influx of Hg into the Wadden Sea took place mainly via the rivers,
especially via the Elbe. But in recent years we have seen a reduced impact of the rivers
for the Hg influx. In 2015 for both species a distinct source for Hg into the Wadden Sea
was not visible. The Hg levels tended to be higher in the common tern than in the
oystercatcher, reflecting the higher trophic level. But there was no geographical
difference in the Hg concentrations and for both species there was an established level
of Hg in all investigated areas of the Wadden Sea. The reason for this trend may be the
improved water quality of the rivers on the one hand and the continued high Hg input
through the atmosphere on the other hand. The most important source of
anthropogenic Hg emissions into the atmosphere is coal burning. In 2015 the Hg



concentrations in common tern were higher than those in 2014 in all areas and still
above the Ecological Quality Objectives (EcoQOs) of 160 ng/g Hg (e.g. Dittmann et al.,
2012).

Temporal trends

An overview of medium-term (1998-2015) and short-term (2011-2015) temporal
trends of contaminant concentrations is given in Table 2 and in Figure 4.

Although during the five-year-period from 2011-2015 more decreasing than increasing
contamination levels of the measured substances were recorded for the two species at
the various study sites, in many cases a clear temporal trend could not be established.
This made the results difficult to interpret. Remarkable for both species were the
significant increases of the TEQs at each of the three sites, which means that the
toxicity of the PCB mixture may increase although total PCB concentrations decreased
(see chapter “TEQs”).

For each species eggs from nine sites were analysed with respect to five contaminants
(45 cases) every year. In oystercatcher eggs decreasing concentrations were detected
in 35 cases and most of them were noted at Trischen, Dollart and Halligen.
Remarkable were the concentrations of Chlordane, which significantly decreased at all
investigated areas. In the case of HCH increases were observed at three of the nine
sample sites, mainly in western areas, but HCH also decreased in three areas in the
eastern part of the Wadden Sea. In total only three increases in oystercatcher eggs
were noted in 2015. In general the decreases or increases measured were mostly only
small although sometimes consistent (see Figure 4).

During the period from 2011-2015 decreases in contaminant levels were also more
significant than increases in common tern eggs. In total 17 significantly decreased
substance levels were found and most of them occurred at Balgzand. Increases were
found in HCH at two sites, and in the case of Hg and chlordane at one site each. In
total four significant increases in substance levels were found in common tern eggs,
primarily at Hallig Hooge (two).

Between 1998 and 2015, nearly all concentrations of environmental chemicals in eggs
of both species decreased significantly at most sites (Table 2). In this 17-year period
there was no significant increase in any of the measured compounds, except the Hg
concentrations in common tern eggs from Hallig Hooge (Table 2). These results
suggested stable or sinking contamination levels in these two species in this period.
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Figure 4. Left (A): Middle-term (1998-2015) trends of contaminant concentrations in
common tern eggs from different sampling sites; Right (B): Mid-term (1998-2015)
trends of contaminant concentrations in oystercatcher eggs from different sampling
sites. Dots indicate arithmetic means (ng/g fresh weight of egg content) of the sampled
eggs.

Table 2. Medium (1998-2015) and short term (2011-2015) trends in pollutant levels
and TEQs in common tern and oystercatcher eggs. Spearman rank correlation
coefficients (r.) were calculated on the basis of n eggs, and p-values are presented. * <
0,05; **< 0,01; ** < 0,001. Positive trends are given in bold and marked red whereas
negative trends are marked green.

Oystercatcher n SHCH SChlordane
1998-2015 180

I

Beluza 2011-2015 50
1998-2015 181

Griend 20112015 50
. 1998-2015 175
Julianapolder 2011-2015 50
’ 1998-2015 180
B2i] 20112015 50
19982015 155

BEL 20112015 50
JEa— 1998-2015 180
20112016 50
1998-2015 179

Eibe (Hullen) 20112015 49
. 1998-2015 171
UL 20112015 50
Norderoog/ Hooge 19982015 169

2011-2015 50
Langlie 1998-2013 98
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Figure 5 shows the long-term-development of mercury, XPCB, HCB and p,p-DDE
concentrations at three selected sites in the western (Griend), central (Trischen) and
the northern part of the Wadden Sea over a study period of 34 years. During that long
period, the contaminants in eggs of both species studied showed maximum
concentrations in the 1980s. After strong decreases in the early 1990s they stabilized
on a lower level with more or less pronounced inter-annual fluctuations until 2005.
But also years or periods with strikingly increased levels were obvious.
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Figure 5. Long-term (1981-2015) trends of concentrations of mercury, PCBs, HCB
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and ppDDE in common tern and oystercatcher eggs from three selected breeding sites
in the Wadden Sea: Griend (Common tern since 1988; oystercatcher since 1995),
Trischen and Norderoog/Hallig Hooge. Dots indicate arithmetic means (ng/g fresh
weight) of in most years 10 sampled eggs. Data for 1981-1990 after Becker et al.
(1991, 1992) and for 1991-1997 after Becker & Munoz Cifuentes (2005); XPCB:
1981-1997 sum of 32 PCB congeners and since 1998 sum of 62 PCB congeners
(average difference 15 %).

TEQs

PCBs are a mixture of 209 different congeners with different chemical properties and
toxicity. Some PCBs also share a structural similarity and toxic mode of action with
dioxin. In order to make the toxicity of PCB concentrations detected in the
environment more comparable, TEQs (Toxic Equivalents) were calculated. TEQs use
the concentration of some “key congeners” (see Figure 4B) and set their toxicity in
relation to dioxin.

Similar to most chemicals, the TEQ-levels calculated for dioxin-like PCBs also showed
decreasing trends in the Wadden Sea since 1998 (Table 2). However, similar to
sporadic increases during previous periods, TEQ concentrations in 2015 were elevated
in some areas (Figure 4B; common tern: 2 — 34 pg/g; oystercatcher: 2 - 31 pg/g)
deviating from the general spatial pattern of ¥PCB (Figure 6). Such TEQ-
concentrations are in a noticeably lower range than those reported in the QSR 2009
and below the range where negative effects on the hatchability of fish-eating bird
species are reported. But the data also showed rising TEQ levels in the last five years
(Table 2) and, given a lipid content of 8.2 % for the eggs of the study species (Mattig et
al., 2000), TEQ concentrations recorded were up to approximately 250 times higher
than the EU-limits for e. g. chicken eggs intended for human consumption (2 pg/g fat;
Chemisches und Veterinarmedizinisches Untersuchungsamt Freiburg, 2006).
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Figure 6. Geographical variation of TEQs (Toxic Equivalents) analysed in common tern
and oystercatcher eggs in the Wadden Sea in 2015. To calculate TEQs of non- and
mono-ortho PCB congeners, bird-specific 2,3,7,8-TCDD toxic equivalency factors
(TEF) proposed by the WHO (Van den Berg et al. 1998) were used. Non-ortho
congeners detected were PCB126 and 169, mono-ortho congeners were PCB105, 114,
118, 123, 156, 157, 167 and 189). Mean concentration (pg/g fresh weight of egg
content) and 95 % confidence intervals are presented. At all sites ten eggs were sampled.

3. Assessment

Ecological Quality Objectives (EcoQOs) were defined by OSPAR for coastal bird eggs
from the North Sea area (ICES 2003, 2004; OSPAR, 2007; Dittmann et al., 2012). In
2015 for common tern eggs the limit values of Hg (160 ng/g), PCB (20 ng/g), HCB (2
ng/g) and DDT (10 ng/g) were exceeded at all investigated areas, while limit values of
HCH (2 ng/g) were exceeded in two areas. For the oystercatcher eggs the limit values
of Hg (100 ng/g) were below limit values at two places only which was the case for
HCH (2 ng/g) and HCB (2 ng/g) in three areas each. However, PCB (20 ng/g) and
DDT (10 ng/g) concentrations exceeded the EcoQO levels at all places. These results
underline that the target aims defined by OSPAR are not met anywhere.

The stagnation of the levels of various substances and some recent increases point to
local problems with environmental pollutants. Among these are several contaminants
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the use of which was prohibited a long time ago, such as EDDT and XChlordane. At the
hot spots of contamination, the present concentrations of ¥PCB and ZDDT, especially
in the eggs of common tern, are still very high in comparison with the target levels. But
the concentrations of contaminants measured in bird eggs indicate that the burden of
pollutants in the Wadden Sea is slowly decreasing towards the proposed Wadden Sea
Plan Targets, which are background concentrations of micropollutants such as
mercury which also occur naturally, and zero in case of man-made substances such as
organochlorines (TMAP, 1997)

In the framework of a pilot study on the EcoQO “Mercury and Organohalogens in
Seabird Eggs”, eggs were sampled at additional sites along the North Sea coast in
2008/2009 (Norway: Rogaland, Sweden: Skagerrak, The Netherlands: Rhine-Scheldt
estuary, Belgium: Zeebrugge, and in 2009 at three sites in the UK). The inter-site
comparison of contamination levels indicates that in most cases concentrations were
lowest in the proposed reference areas in Scandinavia, far distant from industrial hot
spots. The tentative EcoQO of mercury (<200 ng/g in the common tern and <100 ng/g
in the oystercatcher, based on lowest values ever measured in the Wadden Sea) was
reached in oystercatcher eggs at Rogaland (97 ng/g) as well as in Arctic/ common tern
eggs at Rogaland and Skagerrak, respectively (173 ng/g). Nevertheless, the lowest
>PCB-levels found (Rogaland: oystercatcher 132 ng/g, Arctic Tern 137 ng/g) were still
clearly higher than the target level of 20 ng/g.

Monitoring of breeding bird success, as well as population trends of breeding birds in
the Wadden Sea are now part of the TMAP Common Package (Thorup & Koffijberg,
2016) (Koffijberg et al., 2015). Information on potential differences in the hatching
success of coastal birds in areas with high and low contamination is now available, but
has not yet been analysed. Mufioz Cifuentes (2004) presented data from the
mid-1990s suggesting that the reproductive success of common tern, common gull
(Larus canus) and herring gull (Larus argentatus) was negatively affected by
organochlorine contamination in the lower Elbe. The current levels of most
contaminants in bird eggs, however, are below the known threshold concentrations
affecting birds’ reproduction.

Despite this, both species, common tern and oystercatcher, have a declining
population trend in the Wadden Sea (Koffijberg et al., 2015) and a very poor breeding
success (Thorup & Koffijberg, 2016).

4. Recommendations

Considering the current contamination status of bird eggs on the Wadden Sea coast
and its recent development, it is recommended to:

1. Continue monitoring the TMAP parameter “Contaminants in Bird Eggs” in a
long-term perspective, especially at the identified hot spots, and on an annual
basis in order to be able to have the statistical power to separate short-term
fluctuations from long-term trends and to use the parameter for early warning
of marine pollution with chemicals;

2. Include new toxic substances such as hormone-active components;

3. Continue to pursue the one-lab-approach, which has since 1991 been the basis
for measuring the parameter “Contaminants in Birds Eggs”, saving costs and
time;

4. Continue assessment of the EcoQO “Mercury and Organohalogens in Seabird
Eggs” (OSPAR 2007) in order to supplement the geographical coverage of
“Contaminants in Bird Eggs” by additional sampling sites and reference areas



around the North Sea;

5. Combine the TMAP parameter “Breeding Success”, as a sensitive
ecotoxicological indicator, with the parameter “Contaminants in bird eggs “, at
least at the hotspots of chemical pollution (Elbe and Ems estuaries). The
combination of both parameters will present an effective early warning system
for chemical pollution of the Wadden Sea (Thyen et al., 1998; Mufioz Cifuentes,
2004).

5. Summary

The results from 2015 indicate similar species-specific spatial contamination patterns
as in the previous years. The Elbe is again the most prominent site of contamination as
regards the common tern, while for the oystercatcher particularly high concentrations
of HCB were found at Delfzijl. In oystercatcher eggs, the spatial contamination peaks
as well as the total burden of environmental chemicals were lower than in the eggs of
the common tern.

When comparing 2015 with the previous year, both species showed a higher Hg
burden in their eggs. By contrast the HCB concentrations were lower in 2015 after a
steady increase in the previous years (Becker et al., 2001; Mattig et al., 2014). But in
general the concentrations of the measured environmental chemicals in 2015 were of a
comparable level to those of 2014. Our data show that the contamination levels in the
eggs of the two species remained at a higher level after a constant increase until
2011/2012. The data presented in the last QSR (2009) showed sporadic and partly
local events of increased contamination with some substances since 2004, whereas
now stable or sinking levels were presented.

Compared with the contamination levels in these two species 35 years ago, there has
been a clear decrease, mainly in the 1990s. But it is still unclear whether the
contamination level of the environmental chemicals in birds is still changing or only
shows fluctuations around established levels (cf. Becker & Dittmann, 2009) Even the
data from 2015 did not provide a final answer to this question. This is also of interest
against the background of the Ecological Quality Objectives (EcoQOs) defined by
OSPAR for coastal bird eggs from the North Sea area (Dittmann et al., 2012). For the
common tern eggs the limit values of Hg, PCB, HCB and DDT were exceeded at all
investigated areas in 2015. For the oystercatcher eggs the limit values of Hg were
below the limit values at two places only, while this was the case for HCH and HCB in
three areas each. However, the results of PCB and DDT exceeded the EcoQO levels in
all places. These results underline that the target aims defined by OSPAR are not met
anywhere.
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