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e Highly chlorinated furans have the lowest concentration in birds’ eggs.
o Chlorinated compounds dominated in tern eggs, brominated in gull eggs.
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Diet is the major route of exposure to environmental contaminants in biota and, after penetration into an
organism, xenobiotics continue to accumulate in the body. In birds the egg-laying process acts as a
transfer mechanism for the accumulated pollutants and results in the burdening of the next generation
at an early stage of development. This transfer has a strong influence on developmental disorders and
even breeding success. With this in mind polybrominated diphenyl ethers (PBDE), polychlorinated
dibenzo-p-dioxins and polychlorinated dibenzo furans (PCDD/Fs), as well as polychlorinated biphenyls
(PCBs), were analyzed in the eggs of aquatic birds from different habitats and with different diet pref-
erences. The highest concentration of PBDE was noted in gull eggs (198.31 ngg~! dw.) and the lowest in
tern eggs (sandwich tern: 76.96 ng g~' dw.; common tern: 113.73ngg~"' dw). Deca-BDE was detected
only in herring gull eggs from the Wloclawek reservoir. PCDDF/s were found in the eggs of terns from the
southern coast of the Baltic Sea and gulls from an inland reservoir (dam) on the River Vistula close to the
town of Wloclawek. The highest toxicity (birds Toxic Equivalent Factor) was found in the eggs of terns
(sandwich tern — 93.97 pgg~! dw., common tern — 68.35pgg~! dw.), and this was found to be several
times higher than in herring gull eggs (18.80 pg g’] dw.). Non-dioxin like PCBs were ten times higher
than other analyzed PCB congeners, but the congener pattern was similar to other studies.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

and mixed brominated/chlorinated derivatives of biphenyl, dioxin
and dibenzofurans are among the primary environmental con-

Coastal areas, lagoons and reservoirs are places where water
birds are inadvertently drawn into the biogeochemical cycle of
certain halogenated persistent organic pollutants (POPs). The
combination of shallow waters and anthropogenic pressure causes
them to be exposed to a wide range of pollutants as a matter of
course, and they can also be greatly affected by accidental ones.
Halogenated persistent organic pollutants including poly-
brominated diphenyl ethers (PBDE) and brominated, chlorinated
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taminants deemed to be of high risk (Van den Berg et al., 1998).
PBDEs are chemicals used in plastics, textiles, electronic cir-
cuitry and other materials to prevent fires. There are currently 209
recognized PBDE congeners and technical products contain mainly
penta-BDEs, octa-BDEs and deca-BDE (De Wit, 2002; Geyer et al.,
2000; Hanari et al, 2006; La Guardia et al., 2006). Poly-
chlorinated biphenyls (PCBs) were produced commercially be-
tween the 1930s and 1970s in most industrialized countries and
were widely used in industry and commercial products (Rice et al.,
2003). Unlike PBDEs and PCBs, polychlorinated dibenzo-p-dioxins
and furans (PCDD/Fs) were never produced intentionally. They
are instead by-products of industrial processes (e.g. chlorinated
phenol production), formed during combustion, and are detected in
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ash from industrial heating facilities and particles from combustion
of municipal and chemical waste (Hites, 2011).

These organic pollutants are toxic, persist in the environment
even with long distance atmospheric transportation and are resis-
tant to photo degradation, and chemical or biological decomposi-
tion. Most of them cause disruption to the endocrine system and
may therefore be held responsible for abnormalities in development
and functional disorders (Baker and Kjellerup, 2016; Fernie et al.,
2009; Suzuki et al, 2010; Wohlfahrt-Veje et al., 2014). Recent
studies show that poor breeding success in birds often results from a
high body burden of these compounds (Desforges et al., 2018;
Falandysz et al., 2019; Marteinson et al., 2010; Toschik et al., 2005).

POPs are present in aquatic biota worldwide and are regarded as
an important pollutant on account of their abilities to accumulate
and magnify in the trophic chain (eg. Aznar-Alemany et al., 2019;
Eljarrat et al., 2019; Morales et al., 2016; Quinn et al., 2013;
Polder et al., 2016; Zicus and Rave, 2004). In the Baltic Sea region,
chlorinated and brominated organic compounds have been found
both in marine sediment and the water (e.g. Dabrowska et al., 2017;
Falandysz and Strandberg, 2004; Szlinder-Richert et al., 2012), as
well as in Baltic fish (e.g. Falandysz et al., 2019; Karl and Ruoff,
2007; Szlinder-Richert et al., 2009; Waszak et al., 2012) and fish
products (e.g. Falandysz, 1994; Falandysz et al., 2019; Usydus et al.,
2009). Recent studies on piscivorous birds and other top predators
from the Baltic Sea region demonstrate their contamination by
several organic pollutants (e.g. Falandysz, 1984, 1986; Falandysz
and Szefer, 1984; Falandysz et al., 1994; 2000; Falkowska et al.,
2016; Fliedner et al., 2012; Kannan et al., 2003; Lundstedt-Enkel
et al,, 2006; Thyen et al., 2000). This points to a highly significant
dependence between habitat pollution and potential risk of
contamination in biota.

Food, especially seafood, is considered to be the major source of
human and animal exposure to several organic xenobiotics,
including chlorinated and brominated ones (Falandysz et al., 2019;
Fernandes et al., 2018; Knutsen et al., 2008; Tard et al., 2007; Wan
et al.,, 2005). Birds provide an early warning in terms of exposure to
environmental hazards within the trophic chain. As pollution may
cause unexpected changes in their numbers, health or breeding
success, these animals are commonly viewed as sentinel organisms
(Grove et al., 2009) and their eggs are often used as a noninvasive
tool for environmental pollution monitoring (e.g. Bignert et al,,
2016; Miller et al., 2014; Rigét et al., 2016).

Concentrations and congener patterns of halogenated organic
compounds in aquatic birds from different ecosystems may be
strongly dependent on their food sources. To confirm the strong
connection between organism and environment we determined
levels of PBDEs, PCDD/Fs and PCBs in the eggs of three species of
aquatic birds using different food sources: Sandwich terns (Sterna
sandvicensis) and Common terns (Sterna hirundo) from the Gulf of
Gdansk (coastal sea area) represent marine food consumers, while
Herring gulls (Larus argentatus) from a breeding colony on the
Wloclawek Dam (inland reservoir) represent omnivores and scav-
engers. Even the results shown data from 8 to 9 years ago and
continuously declining trends for these pollutants are indicated
they are still present in birds system. In this case the results of this
study might allow to focus on further research on the biochemical
processes, such as maternal transfer, in birds during breeding, as
important source of pollutants transfer to the next generation and
birds’ body burden since the first life stage.

2. Materials and methods
Research was carried out on herring gull (Larus argentatus) eggs

(n=25) collected in 2011 from a breeding colony located at the
River Vistula dam in Wloclawek (52°39’N, 19°08’E), and on

sandwich tern (Sterna sandvicensis) (n=35) and common tern
(Sterna hirundo) eggs (n = 10) collected in 2010 from Mewia Lacha
Bird Sanctuary (54°21’N, 18°56’E) which were combined into three
composite samples respectively. The herring gull breeding colony
consisted of 138 pairs and was a mixed colony consisting mainly of
herring gulls but also featuring individual caspian gulls, and other
hybrid specimens. The size of the tern breeding colony was esti-
mated at 276 pairs of sandwich terns and 100 pairs of common
terns. The sandwich tern eggs were collected in 2010 after flooding
resulted in laid eggs being washed out of their nests. All of the
analyzed eggs had probably been abandoned by the parents. A
detailed description of the sample collection is given in a previous
paper by Grajewska et al. (2015) - for the present study only un-
hatched eggs were used. All samples were collected with the
permission of national authorities.

The eggs were transported to the laboratory, washed and
weighed. The materials were frozen and whole eggs were sepa-
rated from shell and membrane. The obtained materials were
freeze dried with sodium sulfate and kept in amber glass vessels
until analysis.

The main 17 congeners of PCDDFs listed by the WHO as having
strong toxicity potential, dioxin-like compounds (non-ortho PCBs:
77, 81, 126, 169; mono ortho PCB: 105, 114, 118, 123, 156, 157, 167,
189) and non-dioxin like PCBs (PCB: 28, 52, 101, 138, 153, 180), as
well as brominated diphenylethers (BDE: 17, 28, 47, 49, 66, 71, 77
85, 99, 100, 119, 126, 138, 153, 154, 156, 183, 184, 191, 196, 197, 206,
207, 209), were analyzed by Eurofins GfA Lab Service GmbH
(Hamburg) — a laboratory with an applied quality control system
based on ISO 17025.

To determine POPs in biological material PBDE, PCDD/F and PCB
standards were used. The material, supplied by AccuStandard, was
over 99% pure (GC area >99.8%). Extraction solvents for use in
chromatographic analysis: n-hexane, acetone, n-tetradecane with a
minimum purity of 99% (GC area >99%), were supplied by MERCK.
The procedure also involved the use of: sulfuric acid (min. 95%),
ammonium acetate (pure per analysis), SPE columns with Thermo
Scientific HyperSep type octadecyl-C18 cartridges, and rounded
cellulose extraction thimbles from Whatman. Technical gases from
Linde were also used: 99.995% pure helium, and 99.994% pure
nitrogen.

The fundamental steps of analysis were as follows: addition of
internal *Cy, marked PCDD/F, PCB and PBDE standard substances,
soxhlet extraction and extract clean-up by column chromatog-
raphy, and finally quantification of the native PCDD/Fs, PCBs and
PBDEs via the internal '3Cy, marked standards. PCDDFs were
determined by means of high resolution mass spectrometry (HRGC/
HRMS) and GC/MS-Triple Quad. PCBs and PBDEs were determined
by means of high resolution mass spectrometry with high-
resolution mass spectrometry (HRGC/LRMS) as has been previ-
ously described elsewhere (e.g. Krdl et al., 2012; Toms et al., 2009;
US EPA, 1994). LOQ for: PCDD/Fs was 0.1 pg WHO-TEQ g~ ! lw, non-
ortho PCBs 0.19—0.25 pg/g Iw., mono-ortho PCBs 0.32—47 pg/g lw.,
non-dioxin like PCBs 0.15-0.21pg/g Iw. and for PBDEs
0.002—0.04 ng/g lw.

The toxic equivalency (TEQ) was determined using the toxic
equivalency factor (TEF) defined by the WHO in 2005, and addi-
tionally using the factor (WHO TEF for birds) described by Van den
Berg et al. (1998). In that latter model, the TEF factor for birds has
the highest toxic equivalence for the following isomers: 2,3,7,8-
TCDD; 1,2,3,7,8-PCDD; 2,3,7,8-TCDF and 2,3,4,7,8-PCDF.

3. Results

The average PBDE concentration found in herring gull eggs
(198.31 pg/kg dw) was about two times higher than in tern eggs
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Table 1

Average concentration (ng/g dw.) of polybrominated diphenyl ether (PBDE) congeners in aquatic birds’ eggs.
PBDE congeners Herring gull Sandwich tern Common tern
2,4,4'-Tri BDE BDE-28 0.593 0912 0.715
2,2',4-Tri BDE BDE-17 <0.0296 0.0135 <0.0102
2,2',4,4'-Tetra BDE BDE-47 91.90 37.40 573
2,2',4,5'-Tetra BDE BDE-49 1.11 2.10 1.70
2,3',4,4'-Tetra BDE BDE-66 0.555 0.745 0.595
2,3',4',6-Tetra BDE BDE-71 <0.0592 <0.0102 <0.0102
3,3',4,4'-Tetra BDE BDE-77 0.0739 0.147 0.097
2,2',3,4,4-Penta BDE BDE-85 0.288 <0.0128 <0.0128
2,2',4,4' 5-Penta BDE BDE-99 27.90 8.01 17.20
2,2',4,4'6-Penta BDE BDE-100 26.30 14.70 18.90
2,3',4,4' 6-Penta BDE BDE-119 0.866 1.71 1.34
3,3',4,4',5-Penta Bde BDE-126 0.163 0.0722 0.0945
2,2',3,4,4'5'-Hexa BDE BDE-138 0.65 <0.0191 0.24
2,2',44' 55 -Hexa BDE BDE-153 14.80 4.19 8.20
2,2',44'5,6'-Hexa BDE BDE-154 7.89 6.67 7.25
2,3,3',4,4',5-Hexa BDE BDE-156 <0.178 <0.0191 <0.0191
2,2',3',445 6-Hepta BDE BDE-183 5.44 0.291 0.102
2,2'3,4,4'6,6'-Hepta BDE BDE-184 <0.296 <0.0319 <0.0319
2,3,3',4,4 .5 ,6-Hepta BDE BDE-191 <0.296 <0.0319 <0.0319
2,2'3,4,4; 5,5 ,6-Octa BDE BDE-196 0.87 <0.0638 <0.0638
2,2'.3,3',4,4',6,6'-Octa BDE BDE-197 3.21 <0.0638 <0.0638
2,2',3,3',4,4',5,5,6-Nona BDE BDE-206 <1.18 <0.128 <0.128
2,2'.3,3',4,4,5,6,6/'-Nona BDE BDE-207 3.90 <0.128 <0.128
Deca BDE BDE-209 11.80 <0.319 <0319
Y PBDE 198.31 76.96 113.73

(Table 1). In all eggs tetra-BDE, penta-BDE and hexa-BDE were
dominant (Fig. 1). Higher brominated BDEs were only found in
herring gull eggs.

All congeners of chlorinated dioxins and furans were found in
the analyzed aquatic bird eggs (Table 2). The highest total con-
centrations of polychlorinated dibenzo-p-dioxins (PCDDs) were
found in herring gull eggs (105.08 pg/g dw), which were also
characterized by the lowest total concentration of
pentachlorodibenzo-furan (PCDF) congeners (28.0 pg/g dw). The
highest concentrations of PCDFs were found in sandwich tern eggs
(95.16 pg/g dw), which had the highest PCDD/F concentration
(144.11 pg/g dw) and were at the same time characterized by the
highest toxicity determined using bird TEFs. PCDFs were found to
constitute the greatest proportion of PCDD/Fs in the tern eggs,
whilst in the herring gull eggs, highly chlorinated congeners
(octachlotrodibenzo-dioxin and heptachlorodibenzo-furan) were
dominant (Fig. 2).

Dioxin-like PCBs were found in all of the bird eggs (Table 3) and
mono-ortho congeners had the highest concentration. Of the non-
dioxin-like PCBs, the higher chlorinated congeners were dominant
in all of the analyzed eggs (Table 4).

Common tern

Sandwich term

Herring gull

0% 10% 20% 30% 40%

mTriBDE mTetra BDE Penta BDE

u Hexa BDE

4. Discussion

There is no comparative data on the presence of PBDEs in
aquatic bird eggs as extensive as is presented in this work, but
several studies have analyzed PBDEs in the eggs of Baltic birds.
BDE-47, -99 and —203 were detected in guillemot eggs from Stora
Karlso analyzed between 1969 and 2003 (Jorundsdottir et al., 2009;
Lundstedt-Enkel et al., 2006; Sellstrom et al., 2003). From 1988 to
2008 the sum of 35 PBDE congeners in herring gull eggs from
Heuwiese decreased markedly with the exception of BDE-209.
Penta-BDE was found to be a major contaminant (Fliedner et al.,
2012). This study indicated the highest abundances of Tri-BDE
and Penta-BDE, whilst Deca-BDE was detected only in herring
gull eggs from the Wloclawek reservoir.

The main PBDE congeners can be assigned to three technical
products: PENTA-BDE where BDE-47, -99, —100, and —153 domi-
nate; OCTA-BDE which contains mainly BDE-183 and varying
amounts of up to ten other congeners including BDE-196,
-197, —203, —207 and —209; technical DECA-BDE which consists
of over 97% of BDE-209 (Fliedner et al., 2012). The results demon-
strated that Penta-BDE has the highest concentration in all

50% 80%

u Hepta BDE

60% 70% 90% 100%

Octa BDE mNona BDE mDecaBDE

Fig. 1. PBDE contribution in the sum of analyzed PBDEs in aquatic birds’ eggs.
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Table 2

Average concentrations (pg/g dw.) of the main congeners of polychlorinated
dibenzo-p-dioxin (PCDD) and polychlorinated dibenzo-furans (PCDFs) in aquatic
birds’ eggs.

Compounds Herring gull  Sandwich tern  Common tern
Dry mass (%) 71% 67% 64%
Lipid content in dry mass (%) 10.3% 9.4% 8.9%
2,3,7,8-TCDD 4.89 6.21 524
1,2,3,7,8-PCDD 4.83 13.70 10.54
1,2,3,4,7,8-HxCDD 0.92 1.81 1.12
1,2,3,6,7,8-HxCDD 1.70 9.98 5.98
1,2,3,7,8,9-HXCDD 1.84 1.60 141
1,2,3,4,6,7,8-HpCDD 29.10 3.15 4.25
OctaCDD 49.80 12.50 15.80
Y PCDD 105.08 48.95 4434
2,3,7,8-TCDF 0.83 10.20 8.14
1,2,3,7,8-PCDF <0.8 447 3.74
2,3,4,7,8-PCDF 6.17 61.80 42.84
1,2,3,4,7,8-HXCDF 5.64 1.81 1.47
1,2,3,6,7,8-HXCDF 7.36 9.98 8.10
1,2,3,7,8,9-HXCDF <0.70 <13 <1.50
2,3,4,6,7,8-HxCDF 3.32 5.06 3.45
1,2,3,4,6,7,8-HpCDF 4.68 1.84 2.16
1,2,3,4,7,8,9-HpCDF <0.69 <1.2 <2.50
OctaCDF <5.80 <10.00 <7.80
Y PCDF 28.00 95.16 69.90
Y PCDDFs 133.08 144.11 114.24
TEQ wHo 2005 15.24 42.53 31.65
TEQ birds TEF 18.80 93.97 68.35

analyzed eggs, while BDE-209 which is the main compound of
Deca-BDE was found only in eggs from the Wloclawek reservoir. As
contamination in a bird’s eggs reflects the environmental condition
of its habitat, it may suggest that the inland reservoir and sur-
rounding area contribute to the higher deca-BDE observed in the
birds while the coastal area with Penta-BDE. It might also indicate
the differences between birds’ food preferences and in the same
way PBDE concentration in the prey.

Aquatic birds provide an early warning of pollution in their
habitat. They are exposed to pollutants mainly through food but
also via inhalation and others means of ingestion. It has been stated
that pollutants that bio-accumulated in a bird’s organs are selec-
tively sequestrated in the liver (Braune and Norstrom, 1989; Kubota
et al.,, 2013). The lipids in bird egg yolk are primarily in the form of
lipoproteins, which are synthesized in the liver and deposited in
the ovarian follicles. Braune and Norstrom (1989) found that the
transfer of PCDD/Fs to herring gull eggs decreased with increased
chlorine content, thereby suggesting selective liver retention of
those compounds.

The analyzed compounds were found in aquatic bird eggs

Common tern

Herring gull

0% 10% 20% 30% 40%
s TCDD =PCDD

HxCDD wmHpCDD =OCDD

Table 3
Polychlorinated biphenyl (PCB) congeners — dioxin like compounds, average con-
centration (pg/g dw.) in aquatic birds’ eggs.

Compounds Herring gull Sandwich tern Common tern

non-ortho PCB

PCB-77 439 <1200 657
PCB-81 <71 <260 <260
PCB-126 897 1870 951
PCB-169 <21 <780 <780
mono-ortho PCB

PCB-105 68000 58100 41200
PCB-114 4290 2260 1970
PCB-118 242000 203000 178000
PCB-123 3590 3860 3010
PCB-156 60000 47900 57500
PCB-157 10600 9930 12050
PCB-167 25500 33900 21600
PCB-189 71440 9680 11570
TEQ (pcB birds TEF) 129.36 201.32 141.36

worldwide (Table 5), and the levels of chlorinated compounds in
eggs from the southern part of the Baltic Sea and an inland reservoir
(dam) on the river Vistula in region of the town Witoctawek were
similar to concentrations found in birds’ eggs from Hong Kong
(China) and the Ebro Delta (Spain). These represent areas of the
highest anthropogenic activity, similar to the Baltic, confirming the
importance of habitat pollution on the accumulation of POPs in
wildlife. The situation was similar with contamination levels of
PBDEs in Baltic bird eggs. However, higher occurrences were noted
in the common eider than in the analyzed birds, which belong to a
lower trophic level, demonstrating the significance of trophic po-
sition on bird egg contamination.

Nordlof et al. (2012) found 23478-PeCDF to be dominant in
white-tailed sea eagle eggs from the South Bothnian Sea and Baltic
Proper, and this congener is known to form in combustion pro-
cesses (Rappe et al., 1987). This study showed the same congener to
have the highest abundance in tern eggs, while in gull eggs more
chlorinated dioxins (OCDD and HpCDD) were dominant. Such dif-
ferentiation in dioxin and furan concentrations between tern and
gull eggs, in spite of the physiological differences between the
analyzed species, was most likely due to the environmental con-
ditions of their habitats and the food consumed by females during
the formation of eggs. Stable isotope studies (3'°N, 8'3C) carried out
on the same eggs by Grajewska et al. (2015) showed that the Her-
ring gull occupied the lowest trophic position and this was asso-
ciated with terrestrial food sources. The Common tern, which takes
its food from a vast area and feeds both at sea and on land, occupied
the highest trophic level. The Sandwich tern had a limited feeding

50% 60% 70% 80% 90% 100%
TCDF mPCDF mHxCDF mHpCDF mOCDF

Fig. 2. Contribution of PCDDF congeners in the sum of analyzed PCDDFs in aquatic birds’ eggs.



Table 4

Non-dioxin like PCB congeners average concentration (pg/g dw.) in aquatic birds’
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Catalonia) which is an area of intense agricultural activity. In eggs
belonging to Larus michahellis and Larus audouinii from this region,

Birds species egg

Non-dioxin like PCB congeners

the dominant congener was OCDD. This confirms the importance of
bird eggs as a tool with which to assess pollution in the immediate
environment and indicates the differences between marine and

28 52 101 138 153 180
Herring gull 13600 20500 37700 639000 997000 584000
Sandwich tern <270 <270 85400 653000 1140000 621000
Common tern 10100 17800 69200 382000 785000 447000

terrestrial habitat pollution In the Baltic Sea region PCDD/Fs were
found in guillemot eggs from Stora Karlso and herring gull eggs
from Heuwiese. The concentrations of PCDD/Fs in guillemot and

area primarily associated with the marine environment.

Morales et al. (2012) found a completely different pattern of

herring gull eggs follow a decreasing trend. In gull eggs 23478-
PeCDF was found to be the dominant congener, possibly indi-
cating the dominance of seafood in the diet of females (Fliedner
et al., 2012; Lundstedt-Enkel et al., 2006; Miller et al., 2014;

congeners in gulls from the Ebro Delta Natural Park (South

Schroter-Kermani et al., 2005).

Table 5
PCDDFs, PCBs and PBDEs mean concentration in aquatic birds eggs worldwide.
Birds species Location >~ PCDDFs >~ non-ortho >~ DL-PCBs >~ PBDE lipids  Reference
PCB [%]
Larus argentatus (n=1) Wloclawek Dam (Poland) 133.08 pg/g  1.34ng/g dw 2533.8ng/g  198.31ng/g 103 this study
dw dw dw
Sterna hirundo (n=1) Southern Baltic (Poland) 114.24pg/g  1.61ng/g dw 2763 ng/g dw 113.73ng/g 8.9 this study
dw dw
Sterna sandvicensis (n=1)  Southern Baltic (Poland) 14411 pg/g  1.87ng/g dw 3471 nd/g dw 76.96 ng/g dw 9.4 this study
dw
Anhinga rufa (n=14) South Africa (Parys) - - - 17 ng/g lw 59 Polder et al., 2008
Bubulcus ibis (n=9) South Africa (Parys) - - - 3.7ng/g lw 5.8 Polder et al., 2008
Bubulcus ibis (n=11) South Africa (Barberspan) - - — 2.3 ng/g lw 7.0 Polder et al., 2008
Charadrius marginatus South Africa (Velddrif) - - - 7.1 ng/g lw 11.0 Polder et al., 2008
(n=1)
Egretta garzetta Hong Kong (China) 600 pg/glw 5410 pg/g Iw — - — Wang et al. (2012)
Fulmarus glacialis (n=10)  Vestmannaeyjar Island (Iceland) — - — 110ng/glw * 13 Jorundsdottir et al. (2013)
Larus argentatus Great Lakes (USA) 81.7 pg/lg ww — - - 10.1 Kannan et al. (2001)
Larus argentatus Southern Baltic Sea (Germany) — — 9190 ng/g lw 2021 ng/g lw " — Fliedner et al. (2012)
Larus argentatus Southern Baltic Sea (Germany) 141pg/gw® 4.6ng/glw - - - Schroter-Kermani et al.
(2005)
Larus argentatus (n=10) Stromstad archipelago (Sweden) — - - 83ng/gww 6 Carlsson et al. (2011)
Larus audouinii (n=18) Alboran Sea (North Africa) 2.1pg/g ww 202 pg/g ww — 9720 pg/g ww 8.30 Roscales et al., 2016
Larus audouinii (n=3) Elbro Delta and Medes Island 141 pg/gdw 4.3 ng/g dw - - - Pastor et al. (1995)
(Spain)
Larus audouinii Elbro Delta (Spain) 252 pg/gdw 1.1ng/g dw — — 6.9 Morales et al. (2012)
Larus audouinii (n=4) Elbro Delta (Spain) 223 pg/glw  4.8ng/g lw — - 7.6 Morales et al. (2016)
Larus crassirostris (n=10)  Hokkaido (Japan) 529pg/glw  491ng/g lw - - - Choi et al. (2001)
Larus dominicanus (n=1) South Africa (Velddrif) — — — 9.4 ng/g lw 10.0 Polder et al., 2008
Larus fuscus (n=8) Sandgerdi (Iceland) — — — 1200 ng/g lw 8.8 Jorundsdottir et al. (2013)
Larus marinus (n=9) Sandgerdi (Iceland) — — — 830ng/glw 8.1 Jorundsdottir et al. (2013)
Larus michahellis(n = 19) Alboran Sea (North Africa) 2.47 pg/g ww 100 pg/g ww - 6520 pg/g ww 7.78 Roscales et al., 2016
Larus michahellis (n=3) Elbro Delta and Medes Island 79.1 pg/g dw 0.5ng/g dw — — — Pastor et al. (1995)
(Spain)
Larus michahellis Elbro Delta (Spain) 55.8 pg/g dw 1.9 ng/g dw - - 8.2 Morales et al. (2012)
Larus michahellis (n=2) Cabrera Archipelago (Spain) 49.1pg/glw  1.37ng/g lw — — 7.4 Morales et al. (2016)
Larus michahellis (n=2) Chafarinas Island (Spain) 65.0pg/glw  1.04ng/g lw - - 8.3 Morales et al. (2016)
Larus michahellis (n =4) Cies Island (Spain) 144.7 pg/g lw  0.62 ng/g lw - - 10.6 Morales et al. (2016)
Larus michahellis (n=4) Medes Island (Spain) 214.7 pg/g lw  1.09 ng/g lw - - 7.7 Morales et al. (2016)
Larus michahellis (n=4) Ebro Delta (Spain) 178 pg/glw  2.8ng/g lw — - 8.0 Morales et al. (2016)
Nycticorax nycticorax Hong Kong (China) 1190 pg/g lw 2780 pg/g lw — — — Wang et al. (2012)
Pagophila eburnea Seymour Island (Canada) 183 pg/glw  4.9ng/glw - - 7.97 Braune et al. (2001)
Pandion haliaetus Menorca (Spain) 7.36 pg/g ww 719 pg/g ww — - — Jiménez et al. (2007)
Phalacrocorax gaimardi South Africa (Parys) - - - 14 ng/g lw 43 Polder et al., 2008
(n=3)
Somateria mollisima (n=10) Stromstad archipelago (Sweden) — - - 0.6ng/gww 18 Carlsson et al. (2011)
Somateria mollissima (n = 10) Sandgerdi (Iceland) - - — 44 nglg lw 18 Jorundsdottir et al. (2013)
Stercorarius skua (n=10) Kvisker (Iceland) — — — 2400 ng/g lw 8.8 Jorundsdottir et al. (2013)
Sterna paradisaea (n = 6) Sandgerdi (Iceland) - - - 110ng/glw 9.9 Jorundsdottir et al. (2013)
Sterna albifrons (n=17) Southern Baltic Sea (Germany) - 1.9ng/g lw 18034 nglg — — Thyen et al. (2000)
Iw
Tachybaptus ruficollis (n=1) South Africa (Koppies) — — — 19ng/g lw 4.8 Polder et al., 2008
Threskiornis aethiopicus South Africa (Parys) — — — 396ng/glw® 5.0 Polder et al., 2008
(n=1)
Uria aalge (n=30) Northern Baltic Sea (Sweden) — - 8430ng/glw 774ng/glw — Lundstedt-Enkel et al. (2006)
Uria aalge (n=10) Vestmannaeyjar Island (Iceland) — — — 61ng/glw?® 13 Jorundsdottir et al. (2013)
Vanellus coronatus (n=1)  South Africa (Koppies) - - - 120ng/glw 9.9 Polder et al., 2008

2 Sum of BDE-47; BDE-99; BDE-100; BDE-153; BDE-154.
> Maximum values are given.
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PCBs have been detected in bird eggs worldwide (Bustnes et al.,
2015; Champoux and Boily, 2017; Peck et al.,, 2016) especially
aquatic ones (Table 5). In the Baltic Sea region PCBs were found in
the tissue of birds from the south coast including white-tailed sea
eagles, cormorants and other birds wintering in Gdansk Bay
(Falandysz and Szefer, 1984; Falandysz et al., 1994; 2000, 2002,;
Kannan et al., 2003). Besides the burden in the birds’ tissue, non-
ortho PCBs (IUPAC No 77, 126, 169) were found in their eggs.
White-tailed sea eagles from the Baltic Proper had a high concen-
tration of PCB-126 (Nordlof et al., 2012), which stands in compar-
ison to the results of the present study. Uria aalge eggs from Stora
Karlso analyzed between 2000 and 2002 also indicated PCB burden
(Lundstedt-Enkel et al., 2006). Little tern (Sterna albifrons) eggs
from the east coast of Schleswig-Holstein analyzed between 1995
and 1996 (Thyen et al., 2000) and Larus argentatus eggs from
Heuwiese (Fliedner et al., 2012) were polluted by PCBs, and a
decreasing trend was confirmed in both. The present study, how-
ever, indicates concentrations of PCBs in Larus argentatus eggs from
the Wloclawek Dam which are almost three times higher than in
the gulls from Heuwiese.

The congener patterns of non-dioxin-like PCBs (herring gull:
PCB-28<PCB-52<PCB-101<PCB-180<PCB-138<PCB-153; sandwich
tern: PCB-101<PCB-180<PCB-138<PCB-153 and common tern:
PCB-28<PCB-52<PCB-101< PCB-138<PCB-180<PCB-153) were
similar to other study results and confirm the accumulation of
higher chlorinated PCBs in bird eggs.
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