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Abstract

Muscles and livers of herring gulls (Larus argentatus)
found in the coastal area of the southern Baltic Sea were
tested for the presence of hexabromocyclododecane
(HBCD) isomers. They were detected in the muscles
(XHBCD = 42.82 + 30.65 ng g™' l.w.) and livers (XHBCD =
65.51 + 27.96 ng g~' l.w.) of all examined gulls. The a-HBCD
isomer dominates in all types of samples. Our study has
shown that bodies of gulls are less contaminated with
HBCD than bodies of aquatic birds from other regions of
the world. There was no clear correlation between HBCD
concentrations and sex and age of birds. Nevertheless, it
was indicated that the highest concentrations of XHBCD
and the a-HBCD isomer were found in the livers of
immature females (mean = 89.31 + 21.63 ng g~' L.w. and
mean = 76.72 £ 24.54 ng g~' lL.w., respectively). The highest
liver sequestration rates of the a-HBCD isomer were found
in both adult and immature males (mean = 7.7 + 13.7 and
mean = 6.2 + 11.9, respectively).
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Introduction

Hexabromocyclododecane (HBCD) is a
bromo-organic compound belonging to the group
of polybrominated diphenyl ethers (PBDE) and
its presence in the environment is closely related
to human activity. HBCD was used in expanded
polystyrene (EPS), extruded polystyrene (XPS) and in
high impact polystyrene (HIPS), as well as to reduce
textile inflammability (de Wit 2002; Alaee et al. 2003;
Kajiwara et al. 2009). lts composition is dominated by
the y-HBCD diastereoisomer (about 70%), while a- and
[3-HBCD constitute from 10 to 30%, and other isomers
do not exceed 1% (Heeb et al. 2005). In accordance
with the Stockholm Convention on Persistent Organic
Pollutants, the use of HBCD is conditionally admissible.
Pursuant to Regulation (EC) No. 1907/2006 (REACH),
HBCD has been included on the candidate list of
Substances of Very High Concern (SVHC) as it is stable
and able to accumulate in biota (Covaci et al. 2006; Wu
et al. 2011). In biological samples, including humans,
the a-HBCD isomer dominates and is characterized
by high persistence in the environment (Covaci et
al. 2006; Kuiper et al. 2007; Janak et al. 2008). This
environmental pollutant can be transported over long
distances in the atmosphere and is resistant to photo-
and chemical degradation (Remberger et al. 2004;
Schure et al. 2004; Law et al. 2008). HBCD affects the
thyroid hormone receptor-mediated gene expression
and is a potential endocrine disruptor (Jandk et al.
2008; Kakimoto et al. 2008; de Wit et al. 2010). HBCD
can cause skin sensitization and inhibition of plasma
membrane uptake of the neurotransmitters dopamine,
glutamate and y-amino-n-butyric-acid  (GABA).
Furthermore, it may act as a peroxisome proliferator,
which is a mechanism involved in non-mutagenic
cancer (Sellstrom et al. 2003).

Sea birds are an early warning of environmental
pollutants and the contamination of their habitat may
cause unexpected changes in their numbers, health or
breeding success. These animals are commonly used
as sentinel organisms (Furness 1993; Grove et al. 2009;
Van den Stern et al. 2009) and their eggs are often
used as a noninvasive tool for environmental pollution
monitoring (e.g. Bignert et al. 2016; Miller at al. 2014;
Rigét et al. 2016).

Previous studies on aquatic birds from the Baltic
Sea region provide information on its contamination
with several persistent organic pollutants (e.g.
Falandysz 1984; 1986; Falandysz & Szefer 1983;
Falandysz et al. 1994a; 2000; Falkowska et al. 2016;
Fliedner et al. 2012; Kannan et al. 2003; Lundstedt-Enkel
et al. 2006; Reindl et al. 2019; Thyen et al. 2000). Many
researchers also confirm the contamination of bird
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habitats with HBCD isomers, even in areas where
they have never been produced or used (Braune et
al. 2007; Evenset et al. 2007; Jorundsdottir et al. 2013).
HBCD isomers were found in bird organisms and
eggs in different regions of the world (e.g. Chen et al.
2012; Elliott et al. 2005; Herzke et al. 2005; Fernie et al.
2009; Marteinson et al. 2012), including the Baltic Sea
(Sellstrom et al. 2003; Lundstedt-Enkel et al. 2006).
Our research to date has shown the ability of HBCD
to accumulate and accrue in the marine trophic chain,
as well as to be transmitted via maternal transfer in
Spheniscus demersus from the Gdansk Zoo. HBCD
isomers were found in the Baltic herring, which
represented the only food source for penguins, as
well as in the penguin muscles, liver and eggs (Reindl
& Falkowska 2015). Further research on eggs of aquatic
birds has shown that their contamination depends on
the source of food. Eggs of birds feeding on marine
food are about 50% more contaminated than eggs of
omnivores and scavengers (Reindl & Falkowska 2019).

The liver plays a key role in the internal organ
distribution and elimination of several toxins. It also
participates in the transformation of environmental
pollutants, including HBCD (Abdallah et al. 2014). In
birds, the liver is also responsible for the synthesis
of egg yolk lipoproteins (Vieira et al. 1995). As part of
this process, lipophilic pollutants such as HBCD can
be transported internally and deposited in egg lipids.
With this in mind, the presented study is focused
on the determination of the concentration of HBCD
isomers and the selective sequestration factor in the
livers of herring gulls collected from the southern coast
of the Baltic Sea.

Materials and methods

Biological material for analysis

The herring gull (Larus argentatus) is the most
common seagull species found on the Polish coast
in winter. The species is commonly found in the
northern and western parts of Europe. These birds
inhabit coastal areas, estuaries and islands, but also
inland basins, not shying away from anthropogenic
areas. Herring gulls from the Polish coast, especially
adult specimens, are sedentary and juveniles most
frequently migrate to the west. In winter, individuals
from Scandinavia come to the Polish coast. Herring
gulls feed on organisms from various trophic levels and
their marine diet, which includes fish, invertebrates,
crustaceans, small amphibians, eggs and nestlings of
other gulls, is often supplemented with carrion and
municipal waste (Meissner & Betleja 2007).
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The research was carried out on dead herring
gulls (n = 37), including mature (n = 7) and immature
(n = 11) males and mature (n = 9) and immature (n = 10)
females, collected in accordance with permission of
the General Director of Environmental Protection,
No. DOPozg1z-4200/111-169/2015"/10/km and of the
Regional Director of Environmental Protection in
Gdansk, No. RDOS-22-PN.11-6631-4-42/2010/ek.

Dead herring gulls were collected from February
2010 to March 2012 along the southern coast of
the Baltic Sea: in winter near the fishing port in
Wladyslawowo (¢ = 54°47', A = 18°25’) and during the
breeding period in the port of Gdynia (¢ = 54°30%
N = 18°33’) and on the beach in Gdansk (¢ = 54°22,
A = 180°33’). After the breeding period, dead herring
gulls were found in the “Mewia Lacha” nature reserve
situated at the Vistula mouth (Vistula Estuary) and in a
small fishing port in Swibno (¢ = 54°21', A = 18°57). The
causes of their death were not investigated.

The age of birds was determined based on the
plumage. Two categories were distinguished: mature/
adult - specimens in their 4th and 5th winter coat;
immature — specimens in their 1st, 2nd and 3rd coat.
The sex of all birds was determined based on genetic
tests by DNA amplification using the PCR method
described in detail by Fridolfsson & Ellegren (1999).

Reagents and standards

The a-, B- and y-HBCD isomer standards used in
the study were supplied by AccuStandard (New Haven,
USA). The extraction solvents, n-hexane and acetone
(analytical grade > 99.0 and > 99.9%, respectively),
used in the chromatographic analysis were supplied
by Merck (Warsaw, Poland). Other materials used
were sulfuric acid (minimum 95%) and nitric acid
(65%), both ultra-analytical grade, supplied by POCH
(Gliwice, Poland), acetonitrile hypergrade for LC-MS
LiChrosolv, ultrapure water (Merck, Warsaw, Poland),
solid-phase extraction (SPE) columns with magnesium
silicate (LC-Florisil; Thermo Fisher Scientific, Waltham,
Massachusett, USA), cellulose extraction thimbles
(Whatman, Mazidstone, UK) and 99.994% pure
nitrogen (Linde, Guildford, UK).

Quality control and assurance

During the analysis, vessels and containers which
came into contact with the analyzed organic samples
were thoroughly washed and etched in 65% HNO,
(EI-Mekkawi et al. 2009). HBCD was recovered by
adding standard concentrations of a-, - and y-HBCD
isomers separately to the biological sample material
before its extraction. The analytical method used
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made it possible to recover between 88.5-91.8%,
91.5-94.3% and 79.7-92.6% for a-, B- and y-HBCD
isomers, respectively. In the analytical procedure, tests
were carried out on blank samples. The quantification
limit (MQL) for the studied compounds was: 0.57
ng cm?, 0.42 ng cm® and 0.77 ng cm? for a-, - and
y-HBCD isomers, respectively. The results were
authenticated by performing parallel tests on selected
samples in an accredited laboratory. Comparative
tests proved that there were no statistically significant
differences between the obtained results.

Sample preparation and extraction

Extraction was carried out using the Soxhlet
method with a mixture of n-hexane and acetone in
the ratio 1:1. The extract was purified in a reaction with
concentrated H,SO, in order to remove lipids, and the
final purification was conducted using the solid-phase
extraction (SPE) method on column C18 (Remberger et
al. 2004). Elution was performed with the solvent used
for extraction.

Chemical analyses

HBCD determination was conducted using the
method of high performance liquid chromatography
(HPLC), in accordance with the methodology described
elsewhere (Vilaplana et al. 2009; Képpen et al. 2008)
- on the Agilent 1200 series apparatus equipped
with a diode array detector (DAD), and run at a fixed
wavelength of 208 nm. The separation was carried
out on a combined chromatography column: Zorbax
Eclipse XDB C18 (Agilent) and chiral NUCLEODEX (3-PM.
A high purity aqueous solution of acetonitrile (8:2 ratio)
was used as a mobile phase in the chromatographic
analysis, with a flow rate of 1 ml min".

Stable isotope analysis

The analysis of stable isotopes §°N and &“C in
muscles and feathers of gulls was carried out using
the Sercon 20-22 Continuous Flow Isotope Ratio Mass
Spectrometer (CF-IRMS) coupled with the Sercon SL
elemental analyzer for simultaneous nitrogen-carbon-
sulfur (NCS) analysis. Details of the methodology and
the calculation method are presented in the paper by
Grajewska et al. (2015).

Statistical analysis
The Shapiro-Wilk test was used to assess the

normality of distribution of HBCD isomers in the
analyzed samples. The significance of differences
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was assessed using tests for dependent variables —
the t-student test was used for data with parametric
distribution and the Wilcoxon test was used for
non-parametric variables. The analysis of relationships
between variables was carried out based on the
Pearson correlation (in the case of parametric data) or
the Spearman correlation (non-parametric data). All
statistical analyses were performed at a confidence
level of 95%. Statistica 10 was used for calculations and
visualization of the results.

Results

HBCD isomers were found in the muscles and
livers of the examined birds, irrespective of their
sexual maturity. Mean YHBCD concentrations in
herring gull muscles (42.82 + 30.65 ng g~' l.w.) were
lower than those of XHBCD in the liver (65.51 + 27.96
ng g' lw). Among the analyzed isomers, the
highest concentrations were determined for the
a-HBCD isomer, whose contribution to YHBCD
was on average 80% in both muscles and liver.
The correlations were statistically significant and
linear (a-HBCD,, . = 04660 XHBCD, . + 13.0187,
p = 0.0000, r = 0.7730; a-HBCD , = 0.9175 ZHBCD ,
—7.0279, p = 0.0000, r = 0.8841) for both tissues. The
average proportion of B- and y-HBCD isomers in
YHBCD was about 20%.

In terms of sexual maturity of birds, the
concentrations of YHBCD in the muscles of mature
males were lower than in mature females, while the
concentrations of YHBCD and a-HBCD in the liver of
males were higher than in females. However, the sex
of mature herring gulls had no statistically significant
effect on the differences in the concentrations of

the studied contaminants (Table 1). A statistically
significant effect of sex on varying concentrations of
[3-HBCD was manifested only in the liver of immature
herring gulls (p = 0.014). In addition, in this age group,
the highest concentrations of the YHBCD product and
of the a-HBCD isomer were found in females (Table 1).
The student’s t-test showed significant differences in
the concentrations of XHBCD (p = 0.0005) and a-HBCD
(p = 0.005) between the muscles and the liver of
immature birds.

The HBCD selective hepatic sequestration ratio
calculated as the concentration of the assayed
parameters in the liver to the concentration in muscles
was determined in herring gulls in both sexually
mature and immature individuals of both sexes. The
highest sequestration rate was found for the a-HBCD
isomer in adult and sexually immature males (mean
= 775 = 13.70 and mean = 6.18 + 11.95, respectively),
while the lowest in females (Fig. 1).

Discussion

The presence of HBCD in the environment is closely
related to anthropogenic activity as it has been used
on a significant scale throughout Europe (Remberger
et al. 2004). It enters the sea with industrial wastewater
and via atmospheric deposition (Schure et al. 2004;
Covaci et al. 2006; Feng et al. 2012) and its presence
has been confirmed by studies of bottom sediments
of rivers entering the Baltic Sea (Sellstrom et al. 1998).
HBCD was found in red algae (Ceramium tenuicorne)
and in blue mussels (Mytilus edulis) from the Baltic
Sea (Malmvarn et al. 2005; Bignert et al. 2011). Bignert
et al. (2011) indicated temporal and spatial changes
in HBCD concentrations in herring (Clupea harengus)

Table 1

Statistical characteristics of the concentration of HBCD main isomers and YHBCD (in ng per g lipid weight) in the

muscles and liver of mature and immature Larus argentatus from the Gulf of Gdansk depending on sex

Muscles Liver

Male Female

Parameter

Mature Immature Mature

Immature

Male Female

Mature Immature Mature Immature

3.23+0.24
(3.01-3.48)

BR2SEH0SIN
(2.76-3.55)

3.19+0.29

Lipid (%) (2.85-3.55)

HBCD a-isomer

3.43+0.39
(3.17-3.87)

22.71+19.97 26.33+21.17 27.82+17.34 49.84+28.65 42.08+24.60 52.85+23.42 36.97+21.05

4.51+0.33 4.24 £0.09 4.92 +£0.35 4.46 £0.29
(4.23-4.87) (3.98-4.34) (3.50-4.54) (4.13-4.70)
76.72 +£24.54

(2.12-55.35)  (1.55-71.25) (2.70-51.25) (2.15-87.71) (12.15-71.25) (14.50-85.80) (5.36-65.70) (33.00-112.87)
HBCD B-isomer 3.41+2.48 5.52+4.95 7.34 +2.60 3.46£2.75 4.52 +2.65 3.47+1.98 7.72 +£4.38 6.69 + 3.89
(1.27-6.12)  (0.85-13.32)  (4.36-9.15) (0.81-8.71) (2.70-9.14) (1.25-6.14)  (2.25-13.02)  (1.70-12.22)
1.69 +0.42 1.67+£0.37 4.26+2.73 1.34+1.13 244+1.16 3.87+2.68 4.56+1.18 7.01+4.67

HBCD y-isomer

(1.21-1.97) (1.40-1.93) (1.02-7.15)

< Wi oandis:. ug,edipl

(0.41-2.78)

)
HBCD 3 isomers * | 31:3329.99 | 34.08418.47 | 44.44£42.09 | 54.15+ 2879 | 55.17 + 31,67 | 6120+ 21.80 | 48.13+22.78 | 89.31421.63
(2.89-83.40) | (2.12-73.04) | (7.35-146.80) | (3.95-92.44) |(18.12-91.70) | (22.28-95.75) | (6.18-81.25) | (49.19-123.47)

* ¥HBCD mixture of isomers in the technical product contains a mixture of a-, -, y-, &, x- isomers

(1.47-3.97) (1.74-7.78 (3.15-5.90) (1.98-11.20)
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HBCD main isomers and the YHBCD liver sequestration factor in males (M) and females (F) of mature (A) and immature

(B) herring gulls from the coastal area of the southern Baltic

and blue mussels, with a general conclusion on
decreasing trends in fish. Jandk et al. (2008) reported
HBCD in herring at the level of 26 ng g™ lLw., while
the average concentration in herring caught from the
southern Baltic Proper was 30 ng g™' L.w. (Korpinen et
al. 2010). Remberger et al. (2004) found HBCD (10-20
ng g~' L.w.) in muscles of herring caught in 2001 in the
Gulf of Bothnia. Reindl and Falkowska (2015) reported
a relatively low HBCD concentration in muscles of
herring caught in the southern Baltic Sea in 2009-2010
(average: 11.68 + 4.32 ng g' lw.). The same study
carried out on penguins from the Gdansk Zoo, feeding
on fish from the southern Baltic, showed the presence
of YHBCD in penguin muscles at the level of 79.9 +
15.8 ng g7' lw. and indicated the diet as the main
route of exposure to environmental pollution. The
contamination of penguin bodies was similar to other
reports on Baltic birds. The concentration of XHBCD
detected in the muscles of common guillemots (Uria
aalge) from a colony on Gotland in the Baltic Sea was at
the level of 64.7 ng g™' L.w. (Lundstedt-Enkel et al. 2006).
The present study indicates that the contamination of
herring gull muscles with YHBCD is at a significantly
lower level (42.82 ng g7' Lw.) than that indicated by
previous studies. This shows a significant effect of diet
on bird muscle contamination and may also suggest a
decreasing trend for these contaminants in the Baltic
Sea environment.

This research complements the current knowledge
about the HBCD concentration in birds from the
Laridae family inhabiting the southern Baltic coastal
area (Table 2). Studies of the muscles and livers of
the herring gull prove the presence of HBCD assayed
as a mixture of isomers of the technical product, as
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well as the three main isomers of its composition
(a-, B- and y-HBCD), of which the a-HBCD isomer was
predominant. Seagulls from the southern Baltic coastal
area supplement their marine diet with anthropogenic
food (Meissner & Betleja 2007; Szumito-Pilarska et al.
2017), which would indicate that the diet of marine
origin is richer in HBCD than the food available in
landfills. The reason for such findings may be the
possibility of HBCD accumulation in the trophic chain.
HBCD enters the Baltic Sea with sewage and as a result
of wet and dry deposition of pollutants emitted into
the air. These pollutants are partially accumulated in
the sediment and, as a dissolved form, accumulate in
fish that are part of seagulls’ diet.

With the exception of the Baltic Sea region, HBCD
has been found in birds’ organs worldwide and the
results of studies concerning HBCD concentrations
in muscles of aquatic birds (Table 2) from regions
with varying degrees of contamination indicate the
influence of feeding habits and trophic position on
contaminant burdens. The highest levels of HBCD
were found in the muscles of large birds of prey, such
as the sparrowhawk (Accipiter nisus) from the UK (de
Boer et al. 2003). Concentrations of XHBCD in the
Chinese pond heron (Ardeola bacchus) periodically
inhabiting an electronic waste recycling area in the
Pearl River delta in China were in a wide range from
460.0 to 5058.0 ng g~' l.w., with the predominance of
the a-HBCD isomer (He et al. 2010). The study of the
glaucous gqull (Larus hyperboreus) from Bjerngya in
the Barents Sea indicated the presence of the a-HBCD
isomer in the liver of birds at a low level of 1.1 + 4.3 ng
g~' L.w. (Sagerup et al. 2009), while livers of cormorants
(Phalacrocoracidae) from the British Isles contained
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796-1200 ng g~' L.w. (de Boer et al. 2003).

The carbon stable isotopes (8C reflecting the
feeding habitat) and nitrogen (8”N reflecting the
trophic level) detected in the muscles of the herring
gull increases with the trophic position (Fig. 2).
This confirms the influence of food sources from
at least two trophic levels on *HBCD and a-HBCD
concentrations in bird muscles (ZHBCD = 13.15
8”N-94.31, r = 0.59, p = 0.05; a-HBCD = 15.1
6""N-119.31, r = 0.76, p = 0.006). In the liver of gulls, the
effect of the stable isotope ratio on the concentration
of hexabromocyclododecane was not statistically
significant. Other researchers report a similar finding
(de Boer et al. 2003; He et al. 2010).

The bird’s liver plays an important role in the
processes of detoxification, redistribution and
transformation of xenobiotics due to its ability to
accumulate large amounts of external impurities
(Braune & Norstrom 1989; Kubota et al. 2013; Abdallach
et al. 2014). In three quarters of the examined
gulls, the obtained results indicate a higher HBCD
burden on the liver than on the muscle tissue (Fig.
1). It is likely that chronic exposure contributes to the
selective accumulation of xenobiotics in the liver.
The B-HBCD isomer in mature and immature males
was characterized by the lowest degree of retention
in the liver (liver/muscle ratio < 1). This suggests an
advantage of elimination over sequestration, for
example by deposition in guano, as was the case with
penguin feeding on Baltic fish (Reindl & Falkowska
2015), or horn-like formations of epidermis (feathers,
claws), as observed in the case of mercury by
Grajewska et al. (2019).

A high sequestration factor was found for females,
which suggests that lipophilic contaminants can be
transferred from the mother’s liver to the eggs during
their formation. As reported by Vieira et al. (1995), the

Table 2
= 0.6651

2005-2008
He et al. 2010

19.8
(10.0-25.6)
03
(nd-4.7)
22.0
(20.2-75.2)
475
(30.5-99.7)

Francolinus pintadeanus
Pearl River, Qingyuan
Country, China
river delta, electronic
waste recycling region

14.2
(nd—243.0)
nd
(nd-19.1)
543
(16.6-229.0)
73.6
(19.0-492.0)
2005-2008

Pearl River, Qingyuan
Country, China
river delta, electronic
waste recycling region

He et al. 2010

Streptopelia chinensis

(nd—42.5)
nd
nd
(nd-216.0)
nd-216.0
2005-2008

Country, China
He et al. 2010

Gallirallus striatus
Pearl River, Qingyuan

river delta, electronic
waste recycling region

6.9
(nd-169.0)
nd
(nd—27.1)
14.1
(nd-27.1)
52.0
(nd—344.0)
2005-2008

Country, China

Pearl River, Qingyuan

river delta, electronic
waste recycling region

He et al. 2010

Gallinago gallinago

A58
(nd—66.6)
nd
(nd-22.9)
27.0
(nd-305.0)
73.4
(nd-394.0)
2005-2008

Amaurornis phoenicurrus
Pearl River, Qingyuan
Country, China
river delta, electronic
waste recycling region
He et al. 2010

1995.0
(420.0-5058.0)
nd
(nd-8.7)
nd
(nd—64.0)
1995.0
(460.0-5058.0)
2005-2008
Country, China
river delta, electronic
waste recycling region

De Boer et al. 2004 He et al. 2010

Pearl River, Qingyuan

Ardeola bacchus

84-19000
1975-2001

Accipiter nisus
United Kingdom

Uria aalge

5"°C

(53.2-78.7)
2000-2002
marine ecosystem

Lundstedt-Enkel et al.

0.042)

Baltic Sea — Stora Karlso

9 10 11 12 13
55N

(2.1-146.8)
2010-2012
coastal area

Figure 2

Larus argentatus
marine ecosystem,

coastal region

M e

nd - not detected

Baltic Sea — southern

Stable isotope ratio of nitrogen and carbon in the
muscles of herring gulls collected in the coastal zone of
the southern Baltic in 2010-2012 (6™C = 0.6651 §"°N-
30.4105,r=0.5287, p =0.042)

date

@
&
@
£
c
©
&

Sampling
Sampling

Stable isotope ratio of nitrogen and carbon in the muscles of herring gulls collected in the coastal zone of the southern Baltic in 2010-2012 (&*C

6'"N-30.4105,r=0.5287,p
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liver of birds during egg formation is responsible for
lipids included in the egg yolk synthesis. The process
of egg formation promotes the transfer of lipophilic
pollutants from the liver to the egg, thus burdening
the future generation with environmental pollutants
(McIndoe 1971). Since xenobiotics are selectively
retained in the liver, the transfer to the next generation
can also be selective, but the scale of this process
should be further researched.

The fact that the effect of sex and age on the HBCD
burden in the system of a gull could not be clearly
determined is related to its condition and cause of
death. Research on dead birds have some limitations
and the effect of sex and age may be difficult to assess.
It is likely that in emaciated, starved birds, part of
HBCD in the muscles and liver was mobilized into the
bloodstream due to a hungry body catabolizing its
own tissues. The problem of birds’ condition, related
to the condition of their organisms and the level of
xenobiotics in their tissues, has been discussed by
scientists (Kalisinska et al. 2010; Mallory & Braune 2018).
This issue requires further research, as there are no
clear opinions, especially in the case of wild organisms.

Summary

Herring gulls inhabit the southern Baltic coastal
area in quite large numbers, mostly leading a
sedentary existence. The abundance of marine and
anthropogenic food in the regional environment
resulted in a very wide range of concentrations of
HBCD and its isomers in the liver and muscles of
omnivorous birds. Due to the direct connection
between the organism and the environment, these
birds can be an excellent indicator of pollution with
bromo-organic compounds and serve as an early
ecotoxicological warning.

The research conducted on the group of herring
gulls from the southern Baltic coast indicated a lower
HBCD burden on their organisms than in other birds
whose main food is of marine origin.

The authors of the study believe that it is
necessary to continue the research along with hepatic
sequestration, which affects the level of internal
transfer of xenobiotics from the bird’s liver to eggs and
determines their transfer to the next generation.
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