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In the present study, large scale geographical variation in the occurrence of organohalogenated pollutants
(OHPs) was investigated throughout Europe using eggs of a terrestrial resident passerine species, the blue tit
(Cyanistes caeruleus). Blue tit eggs from10 sampling locations, involving suburban, rural and remote areas, in 7
European countries were collected and analysed. Sum polychlorinated biphenyl (PCB) levels ranged from
150 ng/g lipid weight (lw) to 2003 ng/g lw. Sum polybrominated diphenyl ethers (PBDEs) ranged from
3.95 ng/g lw to 114 ng/g lw. As expected, PCB and PBDE concentrations were significantly higher in the
sampled suburban locations compared to the rural and remote locations. Sum organochlorine pesticides
(OCPs) ranged from122 ng/g lw to 775 ng/g lw. OCP concentrationswere, against the expectations, found to be
lower in the rural sampling locations compared to the other locations. Contamination profiles of PCBs, PBDEs
and OCPs differed also among the sampling locations, which may be due to local contamination sources.
Finally, we compared the results of this study with previously reported OHP concentrations in the eggs of a
closely related species, the great tit (Parus major), from the same sampling locations in Europe. We found no
differences in concentrations between the species. In addition, we found a significant, positive correlation
between the sum PCB concentrations in blue tit eggs and great tit eggs, suggesting similar exposure pathways,
mechanisms of accumulation andmaternal transfer of PCBs. In conclusion, our results suggest the usefulness of
eggs from passerine birds as a biomonitoring tool for OHPs on a large geographical scale.
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1. Introduction

Organohalogenated pollutants (OHPs), such as polychlorinated
biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs) and
organochlorine pesticides (OCPs), are lipophilic substances that are a
great cause of concern because of their persistent and bioaccumulative
nature. They are also known to cause adverse health effects in humans
and wildlife (Jones and de Voogt, 1999). Furthermore, there is evidence
for long-range transport of these substances to regionswhere they have
never been used or produced (Scheringer, 2009). As a consequence
these pollutants are now distributed worldwide and are even found in
remote locations, such as the polar regions (Braune, 2007). Although
many of these pollutants have been banned, high concentrations still
exist in the environment. Therefore, monitoring studies are essential to
assess the current levels and to evaluate health risks of different OHPs in
the environment.

Bird eggs have been used successfully to monitor OHPs in numerous
studies (Donaldson et al., 1999;Norstromet al., 2002; Elliott et al., 2005;
Jaspers et al., 2005; Van den Steen et al., 2006; 2008). Eggs of most bird
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Table 1
Sampling locations of blue tit eggs together with the type, number of analysed eggs,
habitat type and the presence of industrial and/or agricultural activities.

Country Type Number of
analysed eggs

Habitat type Industrial and/or
agricultural activities

D Germany Rural 10 Mixed forest Agricultural activities
E1 Spain Suburban 7 Natural forest

close to
Barcelona

Intensive industrial
activities

E2 Spain Remote 7 Deciduous
forest and pine
plantations

–

F France Suburban 6 Forest and
garden near
to Toulouse

Intensive agriculture

FIN1 Finland Rural 7 Pine dominated
mixed forests

Copper smelter and
related industry
(heavy metals and
sulphuric oxides)

FIN2 Finland Suburban 5 Mixed forest
near Oulu

Chemical industry,
wood and paper
industry, agriculture

I1 Italy Suburban 7 Oak wood and
small forest
patches close
to Rome

Intensive agriculture

I2 Italy
(Sicily)

Remote 3 Deciduous
forest

Extensive agriculture

N Norway Suburban 7 Woodland
plots close
to Oslo

–

P Portugal Suburban 7 Mixed forest Agricultural activities
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species can easily be collected and the removal of a single egg from a
clutch has only a minor effect at the population level (Furness, 1993;
Henny and Kaiser, 1996; Henny et al., 2004). An important advantage of
the use of birds is that they can be used both as indicators of exposure
and to assess potential effects on condition, reproduction and survival
(Yoccozet al., 2009). Because eggs can readily be sampled fromthe same
location each year, long-term monitoring studies using eggs are also
feasible. Moreover, studies on widespread bird species enable moni-
toring on a large spatial scale (Van den Steen et al., 2009a). Large scale
geographical studies are very valuable toobtainmore information about
the local usage, emission patterns and spatial distribution of OHPs.
However, to date, few studies havemonitored concentrationsofOHPs in
birds' eggs on a broad geographic scale. For example, double crested
cormorant (Phalacrocorax auritus) and herring gull (Larus argentatus)
eggs have been used to assess the spatial distribution of OHPs in the
Great Lakes, which have a total surface of about 244,000 km2 (Hebert
et al., 1994; Ryckman et al., 1998). In a previous study, we used eggs of a
terrestrial resident passerine species, the great tit (Parus major), as a
biomonitoring tool for OHPs in the European environment (Van den
Steen et al., 2009a). Many resident passerine bird species spend their
entire adult life in relatively small home ranges, territories and foraging
areas. They are therefore particularly useful for monitoring local
contamination with OHPs, because, in contrast to migratory species,
residues in eggs will mostly reflect local contamination (Moore, 1966;
Dauwe et al., 2006).

The first aim of this study was to investigate concentrations and
profiles of PCBs, PBDEs and OCPs in eggs of another terrestrial passerine
species, the blue tit (Cyanistes caeruleus), from different sampling
locations in Europe. Blue tits are small, insectivorouspasserinebirds that
are widely distributed throughout most of Europe (Cramp and Perrins,
1993). Great and blue tits are primarily insectivorous, feedingmostly on
beetles, spiders and larvae of butterflies and moths. Outside the
breeding season, both species also feed on fruits and seeds. Great tits
are found foraging on the ground, while blue tits are much more
arboreal, frequently feeding high in the crowns (Cramp and Perrins,
1993). They have previously beenused as a biomonitor for heavymetals
(Eens et al., 1999; Dauwe et al., 2000; Eeva et al., 2009). Their ubiquity
permits sampling of almost any wooded area in Europe. Because blue
tits are cavity-nesting birds and nest sites are often a limiting resource,
they will readily nest in man-made boxes. Therefore, breeding
populations can be rapidly established and monitored, and samples
canbe easily collected.Moreover, blue tits are residentornon-migratory
in many populations and they have small home ranges, making them
useful to monitor local contamination. Our second aim was to
investigate differences in pollutant concentrations and profiles among
the different types of sampling locations, involving suburban, rural and
remote locations. Based on previous studies (Jaward et al., 2004; Jaspers
et al., 2009; Van den Steen et al., 2009a), we expected the highest
concentrations of PCBs and PBDEs in suburban sampling locations and
the highest concentrations of OCPs in the rural sampling locations.
Finally, we compared the results of this study with previously reported
OHP concentrations in great tit eggs fromthe same sampling locations in
Europe (Van den Steen et al., 2009a) and evaluated the usefulness of
both tit species for monitoring OHPs in terrestrial environments.
Although great tits and blue tits are closely related, they differ in several
life-history parameters such as body size, clutch size andmetabolic rate
and in foraging behaviour (Cramp and Perrins, 1993), whichmay affect
accumulation and maternal transfer of OHPs to eggs.

2. Materials and methods

2.1. Sample collection

In the breeding season of 2006 (April–May), researchers from 7
European countries (Table 1, Fig. 1) collected blue tit eggs in 10
existing nest box populations. In all populations, one random egg per
clutch (3–10 eggs per sampling site, see Table 1)was collected. All eggs
were collected before incubation had started, labeled individually and
stored in a freezer (−20 °C) until transport to the laboratory. Eggs
were transported ondry ice and stored frozenuntil analysis. In total, 65
blue tit eggs were analysed for PCBs, PBDEs and OCPs. A questionnaire
was sent to the collectors in order to characterise the sampling sites
and potential contamination sources of OHPs. Sampling sites were
located in suburban, rural or remote areas (Table 1, Fig. 1). Suburban
sampling locations were closely located to a city or densely populated
area. Rural sampling locations were characterised by agricultural
activities (e.g. crop cultivation, fruit trees). Remote locations were not
in the vicinity of a city, industrial sites or agricultural activities.

2.2. Contaminant analysis

Further sample treatment and analysis were performed according
to previously described methods (Jaspers et al., 2005; Van den Steen
et al., 2006). A homogenised sample of approximately 0.5 g whole egg
content was weighed, mixed with anhydrous Na2SO4 and spiked with
internal standards (ε-HCH, CB 46 and 143, BDE 77 and 128).
Extraction was carried out with 100 ml hexane/acetone (3:1, v/v) in
an automated Soxhlet extractor (Büchi, Flawil, Switzerland) in hot
extraction mode for 2 h. The lipid content was determined gravimet-
rically on an aliquot of the extract (105 °C, 1 h), while the rest of the
extract was cleaned on a column filled with ∼8 g acidified silica and
eluted with 15 ml hexane and 10 ml dichloromethane. The eluate was
concentrated to 100 µl under a gentle nitrogen stream and transferred to
an injection vial. In all samples, concentrations of 22 PCB congeners (CB
28, 31, 74, 95, 99, 101, 105, 110, 118, 128, 138, 149, 153, 156, 163, 170,
180, 183, 187, 194, 196 and 199), 7 PBDE congeners (BDE 47, 49, 99, 100,
153, 154 and 183), dichlorodiphenyltrichloroethane (p,p′- and o,p′-DDT)
and metabolites (p,p′-DDE and p,p′-DDD), hexachlorocyclohexanes
(HCHs; α-, β- and γ-HCHs), chlordanes (CHLs; cis-chlordane (CC),
trans-chlordane (TC), trans-nonachlor (TN) and oxychlordane (OxC)),
and hexachlorobenzene (HCB) were determined.

For the PCB analysis, an Agilent 6890 gas chromatograph (GC) con-
nected to an Agilent 5973mass spectrometer (MS) operated in electron



Fig. 1. Map of Europe with sampling locations. Different types of sampling locatuibs have different symbols: suburban (●), rural (*) and remote (+). Scale 1:25,000.
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ionisation (EI) mode was equipped with a 25 m×0.22 mm×0.25 µm
HT-8 capillary column(SGE, Zulte, Belgium). The ion source, quadrupole
and interface temperatures were set at 230, 150 and 300 °C,
respectively. The MS was used in the selected ion-monitoring (SIM)
mode with two ions monitored for each PCB homologue group.

For the analysis of the OCPs and PBDEs, an Agilent 6890 GC
connected to an Agilent 5973MS operated in electron capture negative
ionisation (ECNI)modewas equippedwith a 25 m×0.22 mm×0.25 µm
HT-8 capillary column (SGE, Zulte, Belgium). Methane was used as
moderating gas and the ion source, quadrupole and interface tempera-
tures were set at 160, 150 and 300 °C, respectively. The MS was used in
the SIM mode with two ions monitored for each pesticide in specific
windows, while ionsm/z=79 and 81weremonitored for PBDEs during
the entire run.

Multi-level calibration curves in the linear response interval of the
detector were created for the quantification, and good correlation
(r2N0.999) was achieved. The identification of OHPs was based on the
relative retention times to the internal standard used for quantification,
ion chromatograms and intensity ratios of the monitored ions. A
deviation of the ion intensity ratios within 20% of the mean values
obtained for calibration standards was considered acceptable. The
quality control was performed by regular analyses of procedural blanks,
by random injection of standards and solvent blanks. A standard
referencematerial SRM 1945 (PCBs, PBDEs and OCPs in whale blubber)
was used to test themethod accuracy. Determined concentrationswere
within 10% of the certified values. The quality control scheme is also
assessed through regular participation in interlaboratory comparison
exercises organized by the Arctic Monitoring and Assessment
Programme (AMAP) and the National Institute of Standards and
Technology (NIST). For each analyte, the mean procedural blank value
was used for subtraction. BDE 47 and 99 had blank levels which were
lower than 5% of the values found in the samples. Nevertheless, the
blank levels were subtracted from the sample values. After blank
subtraction, the limit of quantification (LOQ) was set at 3 times the
standard deviation of the procedural blank. For analytes that were not
detected in procedural blanks, LOQs were calculated for a signal-to-
noise ratio equal to 10. LOQs for the analysed compounds ranged
between 0.5 and 4.0 ng/g lipid weight (lw).
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2.3. Statistical analysis

Statistical calculationswere performed using Statistica forWindows
(Statsoft, 1997). The level of significancewas set atα=0.05 throughout
this study. The data were normally distributed (Kolmogorov–Smirnov
test: pN0.05 for all cases) and therefore parametric tests were used.
One-way ANOVAs were used to test for differences in contamination
levels among the sampling locations and to investigate whether there
was a difference in contamination levels among the suburban, rural and
remote sampling locations. Post hoc tests (Tukey HSD)were performed
if there were significant differences among the sampling locations.
Pearson correlations were performed to test whether PCB, PBDE and
OCP concentrations were intercorrelated and to test whether a
correlation existed between themean egg concentrations per sampling
location in blue tits and great tits. Differences in concentrations between
blue tit and great tit eggs were investigated using unpaired t-tests. After
standardization, we conducted a principal component analysis (PCA) to
compare the congener profiles among the sampling sites. Principal
components (PCs)with eigenvalues above1were considered to account
for a significant contribution to the total variance according to the latent
root criterion (Hair et al., 1998). Factor loadings and factor scores were
determined and used to interpret PC patterns. Compounds with factor
loadings greater than 0.65 on any PC were considered significant. The
first two PCs were used for the statistical analyses.
Fig. 2. Concentrations of (a) sum PCBs (b) sum PBDEs and (c) sum OCPs with standard
errors: concentrations are expressed per gram lipid weight (lw). See Table 1 for
sampling locations.
3. Results

3.1. Egg concentrations of PCBs, PBDEs and OCPs

Sum PCB concentrations ranged from 150±13 ng/g lw in E2
(Spain) to 2003±312 ng/g lw in E1 (Spain; Fig. 2a). Sum PCB
concentrations differed significantly among the sampling locations
(One-way ANOVA: F9,55=4.86, pb0.001). Concentrations in eggs
from E1 were significantly higher compared to D, FIN2, FIN1, P, I2 and
E2 (Tukey HSD: pb0.04; Fig. 2a). No other significant differences were
found among the sampling locations (Tukey HSD: pN0.13).

Sum PBDEs concentrations ranged from 3.95±1.70 ng/g lw in E2
(Spain) to 114±40 ng/g lw in P (Portugal; Fig. 2b). Sum PBDE
concentrations differed significantly among the sampling locations
(One-way ANOVA: F9,55=3.14, p=0.004). Concentrations in eggs
from E1 and P were significantly higher than E2 (Tukey HSD: pb0.04;
Fig. 2b). No other significant differences were found among the
sampling locations (Tukey HSD: pN0.05).

Sum OCP concentrations ranged from 122±9.11 ng/g lw in FIN1
(Finland) to 775±190 ng/g lw in F (France; Fig. 2c). Sum OCP
concentrations differed significantly among the sampling locations
(One-way ANOVA: F9,55=5.03, pb0.001). Sum OCP concentrations in
eggs of F were significantly higher than most of the other sampling
locations (Tukey HSD: pb0.02; Fig. 2c), except E2 (Tukey HSD:
p=0.08) and I2 (Tukey HSD: p=0.29). No other significant
differences were found among the sampling locations (Tukey HSD:
pN0.08).

Sum PCB and sum PBDE concentrations in eggs from suburban
sampling locations were significantly higher compared to those in
eggs from remote and rural locations (Sum PCBs: One-way ANOVA:
F2,62=7.23, p=0.002; Tukey HSD: pb0.04; Sum PBDEs: One-way
ANOVA: F2,62=8.27, p=0.0007; Tukey HSD: pb0.006). Sum OCP
concentrations in eggs from rural sampling locations were signifi-
cantly smaller compared to those from remote and suburban locations
(One-way ANOVA: F2,62=4.40, p=0.02; Tukey HSD: p=0.03).

The sum PCB and sum PBDE concentrations were positively
correlated, albeit not quite significant (Pearson correlation: n=10,
r=0.58, p=0.08). Sum OCPs were not correlated with either the sum
PCBs (Pearson correlation: n=10, r=0.16, p=0.66) or the sum
PBDEs (Pearson correlation: n=10, r=−0.20, p=0.58).
3.2. Profiles of PCBs, PBDEs and OCPs

CB 153, CB 180 and CB 138were themost abundant PCB congeners
and accounted for 24%, 19% and 11% of the sum PCBs, respectively.
PCA revealed two PCs which accounted for 26% and 17% of the total
variance, respectively (Fig. 3a). Significant differences among the
sampling locations were found for both PC1 and PC2 (One-way
ANOVAs: PC1: F9,55=14.65, pb0.001; PC2: F9,55=5.58, pb0.001).
PC1 was positively correlated with CB 18, CB 52, CB 49, CB 44 and CB
209, and negatively with CB 118. PC2 was positively correlated with
CB 199 and negatively with CB 99. PC1 of E2 differed significantly from
all other sampling locations (Tukey HSD: pb0.001; Fig. 3a), except I2



Fig. 3. Plots of factor scores with standard errors and factor loadings from the Principal
Component Analysis (PCA) for the (a) sum PCBs, (b) sum PBDEs and (c) sum OCPs.
Compounds with factor loadings greater than 0.65 on any PC were considered
significant.
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(Tukey HSD: p=0.43). PC1 of I2 differed significantly from E1, F, I1
and N (Tukey HSD: pb0.01; Fig. 3a). PC2 of FIN1 and N was
significantly lower compared to D, E1, E2, F and I1 (Tukey HSD:
pb0.03; Fig. 3a). PC2 of FIN2 was significantly different from E1 and I1
(Tukey HSD: pb0.05; Fig. 3a). No other significant differences were
found among the sampling locations (Tukey HSD: pN0.05).

BDE 99, BDE 47 and BDE 100 were the most abundant PBDE
congeners and accounted for 34%, 31% and 16% of the sum PBDEs,
respectively. PCA revealed two PCs which accounted for 43% and 26%
of the total variance, respectively (Fig. 3b). There were significant
differences among the sampling locations for both PC1 and PC2 (One-
way ANOVAs: PC1: F9,55=9.93, pb0.001; PC2: F9,55=5.45, pb0.001).
PC1 was positively correlated with BDE 28 and BDE 154, while it was
negatively correlated with BDE 47. PC2 was positively correlated with
BDE 99. PC1 of E2 differed significantly from the other sampling
locations (Tukey HSD: pb0.03; Fig. 3b), except from FIN1 (Tukey
HSD: p=0.09). PC1 of FIN1 was significantly higher than E1 and I1
(Tukey HSD: pb0.006; Fig. 3b). PC2 of FIN1 was significantly higher
compared to D, E1, E2, F and I1 (Tukey HSD: pb0.01; Fig. 3b). PC2 of N
was significantly higher than E2 and I1 (Tukey HSD: pb0.03; Fig. 3b).
No other significant differences were found among the sampling
locations (Tukey HSD: pN0.05).

p,p′-DDE was the most abundant OCP congener and accounted for
85% of the sum OCPs. PCA revealed two PCs which accounted for 36%
and 19% of the total variance, respectively (Fig. 3c). There were
significant differences among the sampling locations for both PC1 and
PC2 (One-way ANOVAs: PC1: F9,55=11.63, p b0.001; PC2:
F9,55=2.56, p=0.02). PC1 was positively correlated with p,p′-DDE,
while it was negatively correlated with α-HCH and HCB. PC2 was
positively correlated with OxC and TN. PC1 of both E2 and F were
significantly higher compared to D, E1, FIN1, FIN2, N and P (Tukey
HSD: pb0.03; Fig. 3c). PC1 of I1 was significantly higher compared to
D, FIN1 and FIN2 (Tukey HSD: pb0.005; Fig. 3c). PC2 of I2 was
significantly higher than D and E1 (Tukey HSD: pb0.03; Fig. 3c). No
other significant differences were found among the sampling
locations (Tukey HSD: pN0.05).

3.3. Comparison between blue tit and great tit

There were no differences in mean sum PCB, sum PBDE and sum
OCP concentrations between the blue tit and great tit eggs from the
same sampling sites (Paired t-tests: sum PCBs: n=10, t=0.007,
p=0.99; sum PBDEs: n=10, t=0.72, p=0.49; sum OCPs: n=10,
t=1.31, p=0.22).

Mean sum PCB concentrations in blue tit and great tit eggs from
the same sampling sites were strongly positively correlated (Pearson
correlation: n=10, r=0.86, p=0.001; Fig. 4), whereas sum PBDE
and OCP concentrations were not correlated between the two species
(Pearson correlation: sum PBDEs: n=10, r=−0.26, p=0.47; sum
OCPs: n=10, r=0.51, p=0.14).

4. Discussion

4.1. Concentrations of PCBs, PBDEs and OCPs

For PCBs, PBDEs and OCPs, concentrations differed significantly
among the sampling locations. Sum PCB and sum PBDE concentrations
were significantly higher in eggs from the suburban sampling
locations compared to the remote and rural locations. PCBs and
PBDEs have previously been linked to industrialization and urbani-
zation (Lovett et al., 1998; Jaward et al., 2004; Van den Steen et al.,
2008, 2009a). Both the lowest and highest concentrations of sum PCBs
were found in Spain (E2 and E1, respectively). Similar to the PCBs,
lowest concentrations of sum PBDEs were also found in the remote
location E2 in Spain. Highest PBDE concentrations were found in P
(Portugal) and E1 (Spain). Heavy industrial activities were reported in
E1 (Table 1, personal communication J.C. Senar) which is located near
Barcelona (ca. 2,000,000 inhabitants), but not for P, also a suburban
sampling location (Table 1, personal communication A.C. Norte). The
higher range concentrations of PCBs and PBDEs in the present study
are similar compared to a previous study in blue tits from a suburban
sampling location in Belgium (maximum sum PCBs: 2282 ng/g lw;
maximum sum PBDEs: 77 ng/g lw; Van den Steen et al., 2009b).



Fig. 4. Correlation between mean sum PCB concentrations in great tit and blue tit eggs
from 10 sampling locations in Europe.
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In contrast to our expectations, OCP concentrations were signif-
icantly lower in the rural sampling locations compared to the
suburban and remote locations. This is in contradiction with previous
studies in which great tit eggs were used as a biomonitoring tool for
OHPs in the European environment (Van den Steen et al., 2008,
2009a). Studies using air samplers have also reported higher levels of
OCPs in rural locations (Jaward et al., 2004; Harner et al., 2004). This
discrepancymay be due to the low number of rural sampling locations
(n=2) in the present study. The highest OCP concentrations were
found in the sampling locations in France (F) which has been
considered to be a suburban location. However, the location has
also been characterized by the presence of intensive agriculture
(Table 1, personal communication P. Heeb). This shows the impor-
tance of the definition and classification of the type of sampling
location, which is inevitably somewhat subjective and not always
straightforward. In addition, potential contamination sources, which
can influence the results, may be overlooked.
4.2. Profiles of PCBs, PBDEs and OCPs

CB 153, CB 180 and C138 were the most abundant PCB congeners.
A previous study, in which the maternal transfer of OHPs in blue tits
was investigated, showed a similar congener profile in the eggs (Van
den Steen et al., 2009b). However, significant differences in congener
profile were found among the sampling locations. A higher contribu-
tion of CB 118 was found in F, E1, I1 and N. This profile is probably due
to contamination with PCB mixture Aroclor 1254 which contains high
concentrations of CB 118 (Frame et al., 1996). In addition, local
contamination sources may also be responsible for the different
profiles among the sampling locations (Ormerod et al., 2000).

Similar to a previous study on blue tits eggs (Van den Steen et al.,
2009b), BDE 99, BDE 47 and BDE 100 were the most important PBDE
congeners. BDE 47 and BDE 99 are the major congeners in the Penta-
BDE commercial mixture (WHO, 1994). Although the Penta-BDE
mixture has been withdrawn from the market in Europe in 2004
(Directive EEC, 2003), the congeners present in this mixture are still
ubiquitous in the environment (Law et al., 2006). Moreover, the
presence of BDE 47 and BDE 99 may also be the result of
debromination of higher brominated congeners in the environment
or in biota (Soderström et al., 2004; Van den Steen et al., 2007). Except
for E2 (Spain) and FIN 1 (Finland), PBDE profiles did not differ much
among the sampling sites, which is probably due to the fact that
contamination with PBDEs is more widespread and originates from
diverse sources (Siddiqi et al., 2003).
p,p′-DDE was the most abundant OCP and accounted for 85% of the
sum OCPs, which is also in accordance with a previous study in blue
tits (Van den Steen et al., 2009b). Since DDE is the major breakdown
product of DDT, the accumulation profile of DDTs suggests a historical
input rather than contribution from recent sources. DDT and its
metabolites can still be found in the environment and in biota,
although it has been banned in Europe for more than 25 years. A
higher contribution of the highly bioaccumulative p,p′-DDE was
observed in E2, F and I1, while γ-HCH and HCB were less abundant at
these sites. The local historical usage and specific applications of
different OCPs may be responsible for the different profiles among the
sampling locations.
4.3. Comparison between blue tit and great tit

Both bleu tits and great tits have been suggested to be useful as
biomonitors of local contamination with OHPs (Van den Steen et al.,
2009a,b), because of their small home ranges, territories and foraging
areas (Moore, 1966; Dauwe et al., 2006). Although blue tits and great
tits do not migrate long distances, they often move between habitats
from summer to winter (Ulfstrand, 1976), which can have an effect on
contamination levels. Despite clear behavioural and life-history
differences between the two tit species (Cramp and Perrins, 1993),
no differences in overall concentrations were found between both
species. In addition, a significant, positive correlation was found
between the sum PCB concentrations in blue tit eggs and great tit
eggs, suggesting similar exposure pathways, mechanisms of accumu-
lation and maternal transfer. For the OCPs and PBDEs, no correlations
were found between the concentrations in blue tit and great tit eggs.
Differences in diet, accumulation and/or degradation between the two
species may be responsible for this lack of correlation. It has already
been shown that both species can be useful as a biomonitoring tool for
OHPs (Van den Steen et al., 2006, 2008, 2009a,b,c). However, OHP
concentrations in eggs decreased with laying order in both blue tits
and great tits (Van den Steen et al., 2009b,c). Despite the observed
laying order effects, the variance in concentrations was larger among
clutches than within clutches for both species (Van den Steen et al.,
2009a,b). When both species are present in a sampling location, we
suggest using the eggs of great tits for biomonitoring OHPs for the
following reasons (Hollamby et al., 2006). First of all, great tits are
about 20% larger than blue tits (Cramp and Perrins, 1993). They also
have a higher life expectancy compared to blue tits (Cramp and
Perrins, 1993). Great tits have, therefore, the potential to accumulate
more pollutants in comparison to blue tits. Larger sample volumes
and sizes can be obtained, because great tits have larger eggs and are
more abundant than blue tits (Cramp and Perrins, 1993). Although
both tit species are resident, female great tits showed higher site
fidelity compared to female blue tits (Könczey et al., 1997). Therefore,
great tits are expected to reflect local contamination sources even
better than blue tits.

In conclusion, our results suggest that eggs of blue tits, just like
those of great tits, are useful as a biomonitoring tool of OHPs on a large
geographical scale. However, when the eggs of both species are
available in a sampling location, great tits are preferred because of
several characteristics which are favourable for monitoring purposes.
Acknowledgements

This study was supported by a FWO Postdoctoral Fellowship to Evi
Van den Steen and Adrian Covaci. Rianne Pinxten and Marcel Eens
were supported by the University of Antwerp and FWO-Flanders. We
thank Silke Laucht for fieldwork in Seewiesen and Nicolas Vandeplas
for his assistance in the laboratory work. J. J. Sanz was supported by
the project GCL2007-61395 (Ministerio de Educación y Ciencia).



1457E. Van den Steen et al. / Science of the Total Environment 408 (2010) 1451–1457
Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.scitotenv.2009.12.028.

References

Braune BM. Temporal trends of organochlorines and mercury in seabird eggs from the
Canadian Arctic, 1975–2003. Environ Pollut 2007;148:599–613.

Cramp S, Perrins CM. The birds of theWestern Palearctic. Flycatchers to Shrikes, vol. VII.
Oxford Univ. Press; 1993.

Dauwe T, Bervoets L, Blust R, Pinxten R, Eens M. Can excrement and feathers of nestling
songbirds be used as biomonitors for heavy metal pollution? Arch Environ Contam
Toxicol 2000;39:541–6.

Dauwe T, Jaspers VLB, Covaci A, Eens M. Accumulation of organochlorines and
brominated flame retardants in the eggs and nestlings of great tits, Parus major.
Environ Sci Technol 2006;40:5297–303.

Directive 2003/11/EC of the European Parliament and of the Council of 6 February 2003
amending for the 24th time Council directive 76/769/EEC relating to restrictions on
the marketing and use of certain dangerous substances and preparations
(pentabromodiphenyl ether and octabromodiphenyl ether). Official Journal L
042; 2003.

Donaldson GM, Shutt JL, Hunter P. Organochlorine contamination in bald eagle eggs
and nestlings from the Canadian Great Lakes. Arch Environ Contam Toxicol
1999;36:70–80.

Eens M, Pinxten R, Verheyen RF, Blust R, Bervoets L. Great and blue tits as indicators of
heavy metal contamination in terrestrial ecosystems. Ecotoxicol Environ Saf
1999;44:81–5.

Eeva T, AholaM, Lehikoinen E. Breeding performance of blue tits (Cyanistes caeruleus) and
great tits (Parus major) in a heavy polluted area. Environ Pollut 2009;157:3126–31.

Elliott JE, Wilson LK, Wakeford B. Polybrominated diphenyl ether trends in eggs of
marine and freshwater birds from British Columbia, Canada, 1979–2002. Environ
Sci Technol 2005;39:5584–91.

Frame GM, Cochran JW, Boewadt SS. Complete PCB congener distributions for 17
Aroclor mixtures determined by 3 HRGC systems optimized for comprehensive,
quantitative, congener-specific analysis. J High Resol Chromatogr 1996;19:657–68.

Furness RW. Birds asmonitors of pollutants. In: Furness RW, Greenwood JJD, editors. Birds
as Monitors of Environmental Change. London: Chapman and Hall; 1993. p. 86-143.

Hair JF, Anderson RE, Tatham RL, Black WC. Multivariate Data Analysis. fifth ed. New-
Jersey, U.S.A: Prentice Hall; 1998. p. 87-138.

Harner T, Shoeib M, Diamond M, Stern G, Rosenberg B. Using passive air samplers to
assess urban–rural trends for persistent organic pollutants. 1. Polychlorinated
biphenyls and organochlorine pesticides. Environ Sci Technol 2004;38:4474–83.

Hebert CE, Norstrom RJ, Simon M, Braune BM, Weseloh DV, Macdonald CR. Temporal
trends and sources of PCDDs and PCDFs in the Great Lakes: Herring gull egg
monitoring, 1981–1991. Environ Sci Technol 1994;28:1268–74.

Henny CJ, Grove RA, Kaiser JL, Bentley VR. An evaluation of osprey eggs to determine
spatial residue patterns and effects of contaminants along the lower Columbia
River, USA. In: Chancellor RD, Meyburg BY, editors. Raptors Worldwide. Budapest,
Hungary: WWGBP/MME; 2004. p. 369–88.

Henny CJ, Kaiser JL. Osprey population increase along theWillamette River, Oregon, and
the role of utility structures, 1976–1993. In: Bird DM, Varland DE, Negro JJ, editors.
Raptors in Human Landscapes. London: Academic; 1996. p. 97-108.

Hollamby S, Afema-Azikuru J, Waigo S, Cameron K, Gandolf AR, Norris A, et al.
Suggested guidelines for use of avian species as biomonitors. Environ Monit Assess
2006;118:13–20.

Jaspers V, Covaci A, Maervoet J, Voorspoels S, Schepens P, Eens M. Brominated flame
retardants and organochlorine pollutants in eggs of little owls (Athene noctua) from
Belgium. Environ Pollut 2005;136:81–8.
Jaspers V, Covaci A, Deleu P, Eens M. Concentrations in bird feathers reflect regional
contamination with organic pollutants. Sci Total Environ 2009;407:1447–51.

Jaward FM, Farrar NJ, Harner T, Sweetman AJ, Jones KC. Passive air sampling of PCBs,
PBDEs, and organochlorine pesticides across Europe. Environ Sci Technol
2004;38:34–41.

Jones KC, de Voogt P. Persistent organic pollutants (POPs): state of science. Environ
Pollut 1999;100:209–21.

Könczey R, Tóth L, Török J. Site fidelity of great and blue tits in the Pilis-Visegrád
mountains. Opusc Zool Budapest 1997;29–30:103–11.

Law RJ, Allchin CR, de Boer J, Covaci A, Herzke D, Lepom P, et al. Levels and trends of
brominated flame retardants in the European environment. Chemosphere
2006;64:187–208.

Lovett AA, Foxall CD, Creaser CS, Chewe D. PCB and PCDD/DF concentrations in egg and
poultry meat samples from known urban and rural locations inWales and England.
Chemosphere 1998;37:1671–85.

Moore NW. A pesticide monitoring system with special reference to the selection of
indicator species. J Appl Ecol 1966;3:261–9.

Norstrom RJ, Simon M, Moisey J, Wakeford B, Weseloh DV. Geographical distribution
(2000) and temporal trends (1981–2000) of brominated diphenyl ethers in Great
Lakes herring gull eggs. Environ Sci Technol 2002;6:4783–9.

Ormerod SJ, Tyler SJ, Jüttner I. Effects of point-source contamination on breeding
performance and post-fledging survival in the dipper (Cinclus cinclus). Environ
Pollut 2000;109:505–13.

Ryckman DP, Weseloh DV, Hamr P, Fox GA, Collins B, Ewins PJ, et al. Spatial and
temporal trends in organochlorine contamination and bill deformities in double-
crested cormorants (Phalacrocorax auritus) from the Canadian Great Lakes. Environ
Monit Assess 1998;53:169–95.

Scheringer M. Long-range transport of organic chemicals in the environment. Environ
Toxicol Chem 2009;28:677–90.

Siddiqi MA, Laessig RH, Reed KD. Polybrominated diphenyl ethers (PBDEs): new
pollutants-old diseases. Clin Med Res 2003;1:281–90.

Soderström G, Sellström U, de Wit CA, Tysklind M. Photolytic debromination of
decabromodiphenyl ether (BDE 209). Environ Sci Technol 2004;38:127–32.

Statsoft. STATISTICA for Windows. Tulsa, Oklahoma: Statsoft Inc.; 1997.
Ulfstrand S. Feeding niches of some passerine birds in a South Swedish coniferous

plantation in winter and summer. Ornis Scand 1976;7:21–7.
Van den Steen E, Dauwe T, Covaci A, Jaspers VLB, Pinxten R, Eens M. Within- and

among-clutch variation of organohalogenated contaminants in eggs of great tits
(Parus major). Environ Pollut 2006;144:355–9.

Van den Steen E, Covaci A, JaspersVLB,Dauwe T, Voorspoels S, EensM, et al. Accumulation,
tissue-specific distribution and debromination of decabromodiphenyl ether (BDE
209) in European starlings (Sturnus vulgaris). Environ Pollut 2007;148:648–53.

Van den Steen E, Jaspers VLB, Covaci A, Dauwe T, Pinxten R, Neels H, et al. Variation,
levels and profiles of organochlorines and brominated flame retardants in great tits
(Parus major) eggs from different types of sampling locations in Flanders
(Belgium). Environ Int 2008;34:155–61.

Van den Steen E, Pinxten R, Jaspers VLB, Covaci A, Barba E, Carere C, et al. Brominated
flame retardants and organochlorine pollutants in the European environment
using great tit eggs as a biomonitoring tool. Environ Int 2009a;35:310–7.

Van den Steen E, Jaspers VLB, Covaci A, Neels H, Eens M, Pinxten R. Maternal transfer of
organochlorines and brominated flame retardants in blue tits (Cyanistes caeruleus).
Environ Int 2009b;35:69–75.

Van den Steen E, Eens M, Jaspers VLB, Covaci A, Pinxten R. Effects of laying order and
experimentally increased egg production on organic pollutants in eggs of a
terrestrial songbird species, the great tit (Parus major). Sci Total Environ
2009c;407:4764–70.

World Health Organization (WHO). Environmental Health Criteria 162; Brominated
Diphenyl Ethers, Geneva, Switzerland; 1994.

Yoccoz NG, Bustnes JO, Bangjord G, Skaare JU. Reproduction and survival of tawny owls
in relation to persistent organic pollutants. Environ Int 2009;35:107–12.


	The use of blue tit eggs as a biomonitoring tool for organohalogenated pollutants in the Europe.....
	Introduction
	Materials and methods
	Sample collection
	Contaminant analysis
	Statistical analysis

	Results
	Egg concentrations of PCBs, PBDEs and OCPs
	Profiles of PCBs, PBDEs and OCPs
	Comparison between blue tit and great tit

	Discussion
	Concentrations of PCBs, PBDEs and OCPs
	Profiles of PCBs, PBDEs and OCPs
	Comparison between blue tit and great tit

	Acknowledgements
	Supplementary data
	References




