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Abstract. We examined whether eggs of the Great Tit (Parus major) could be used as indicators
for lead, arsenic, cadmium, copper and zinc pollution. We collected eggs from two sites with diffe-
rent pollution levels, and measured heavy metal levels in the egg content and eggshell separately. At
the polluted site, situated near a metallurgic factory in Hoboken (Belgium), eggshells contained sig-
nificantly higher concentrations of arsenic, cadmium and lead than did eggshells at the reference site
on the campus of the University of Antwerp. Egg contents also contained significantly higher con-
centrations of lead at the polluted site than at the reference site. Both at the polluted and reference
site egg contents contained higher concentrations of zinc and copper than did the eggshell. The
eggshell contained higher arsenic and lead concentrations than did the egg content at the polluted site
but not at the reference site. There was a clear discrepancy between essential and non-essential ele-
ments. Copper and zinc, two essential elements, were highest in the egg content, while arsenic and
lead were higher in the eggshell. Moreover, the concentrations of essential elements did not differ sig-
nificantly between the two sites. We also collected eggs from Blue Tits (Parus caeruleus) at the pol-
luted site, and compared metal levels between the eggshell and egg content. Differences between the
shell and content were similar to those for the Great Tit. At the polluted site we found no significant
differences in metal levels between the two species. Our study indicates that Great and Blue Tits
sequester non-essential heavy metals in their eggs, especially in the eggshell. Therefore the eggshell
is suitable as an indicator for heavy metal pollution.
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INTRODUCTION

Terrestrial birds are exposed to heavy metals through air, water and their food. Once a
metal has entered the body it can be stored or accumulated, or it can be excreted (BURGER,
1993). The accumulation of metals in organs causes levels to increase with age of the
organism and with each succeeding step in the food chain (VAN STRAALEN & ERNST, 1991).
Concentrations in long-lived carnivores can reach high levels, and may reach toxic or even
lethal levels. Birds can rid the body of heavy metals through the faeces or by depositing
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them in the uropygial gland, salt gland (BURGER & GOCHFELD, 1985) and feathers
(BURGER, 1993). Females can also eliminate heavy metals by sequestering them in their
eggs, which may jeopardise the developing embryo. Although some studies failed to detect
elevated levels in the eggs of experimentally dosed females (PATTEE, 1984), others have
shown elevated levels of lead and cadmium (MAEDGEN et al., 1982).

Assessing ecosystem health is a daunting task, requiring the selection of indicator
species that are representative of the system (BURGER & GOCHFELD, 1996). Because many
contaminants can bioaccumulate, there has been a tendency to evaluate toxins in species
that are high in the foodchain (BURGER & GIBBONS, 1998). Small passerines such as the
Great Tit (Parus major L.) and the Blue Tit (Parus caeruleus L.) may be useful bioindi-
cators. They are primarily insectivorous during the breeding season, and high in the food-
chain. They live in many different habitats and often in large densities. They are territorial
in the breeding season, and non-migratory in many populations (CRAMP & PERRINS, 1993).
They nest in holes, and use nestboxes, so they are easy to study. These characteristics
make them very suitable for monitoring point source contamination (EENS ef al., 1999).

Biomonitoring requires effective determination of the load of pollutants in the indica-
tor species. Most studies have used internal organs, but demand for non-invasive moni-
toring techniques has led to the introduction of feathers, facces and eggs as bioindicators
(BURGER, 1993). Eggs are suitable as bioindicators because 1) they come from a specific
fragment of the population; 2) they are only formed in a specific period; 3) they have a
consistent composition; 4) they are easily sampled and 5) the removal of one egg from a
nest has a minor effect on population parameters (FURNESS, 1993). Although eggs have
distinct advantages as bioindicators they have scarcely been used to determine heavy
metal pollution. Furthermore, most studies have focused on seabirds and waterfowl, while
songbirds have received little attention (MORERA ef al., 1997; NYHOLM, 1998). NYHOLM
(1998) recently stressed that there is almost no information on the transfer of heavy metals
into eggs of passerine birds.

The objective of this study was to determine to what extent Great and Blue Tits
sequester heavy metals in their eggs. BURGER (1994) showed that in marine birds there is
a discrepancy between the egg content and the eggshell in heavy metal concentration (see
also MORERA et al., 1997). Therefore we also analysed the egg content and the eggshell
separately. For Great Tits we collected eggs from two sites: at a heavily polluted site in
Hoboken close to a metallurgic factory, and at the campus of the University of Antwerp
(UIA) about four kilometres to the east of the polluted site. The latter study area is con-
sidered as a reference site in this study. Environmental pollution by trace metals is impor-
tant in the vicinity of the smelter of Hoboken (VAN GRIEKEN, 1996). Dust deposition is the
major source of pollution, and affects the immediate surroundings of the factory
(VERBRUGGEN, 1994).

MATERIAL AND METHODS

In this study we examined metal levels in eggs coming from a polluted and a reference
site. The polluted site at Hoboken was bounded on the west by a metallurgic factory. This
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nageoires dorsale et anale et le complexe hémaxanal de type 3 sont des traits qui peuvent
se manifester dans de multiples familles de téléostéens mais qui se retrouvent chez tous ou
chez beaucoup de Tselfatiiformes (obs. pers.). Cela renforce donc encore I’idée que
Zanclites xenurus appartient bien a cet ordre.

Zanclites et les autres genres de Tselfatiiformes

Zanclites JORDAN, 1924 se distingue de tous les autres genres connus de
Tselfatiiformes par au moins onze caractéres particuliers :

(1) Le supraorbitaire s’allonge fortement et s’articule non seulement avec le frontal mais
aussi avec le ptérotique dont il éloigne le dermosphénotique. Chez les autres
Tselfatiiformes, le supraorbitaire est plus court et ne longe que le frontal, permettant
ainsi au dermosphénotique de s’articuler avec le ptérotique (obs. pers.).

(2) 1la téte de de I’ectoptérygoide se renfle et s’accole contre un processus osseux de la
face externe de I’entoptérygoide, formant ainsi un puissant contrefort contre lequel
s’appuyait, sans doute, un gros palatin. Une telle structure n’existe pas chez les autres
Tselfatiiformes (obs. pers.).

(3) Lectoptérygoide prend la forme d’une épaisse baguette osseuse édentée. L ectoptérygoide
montre la forme plus classique d’un os plat, relativement étroit, effilé a ses deux extrémi-
tés et presque toujours denticulé chez les autres membres de 1’ordre (obs. pers.).

(4) Le carré est réduit, de trés faible hauteur et exhibe un condyle articulaire étiré. Cet os
offre un développement normal chez les autres Tselfatiiformes (obs. pers.).

(5) Le préoperculaire montre une branche ventrale trés allongée et une branche dorsale courte.
Chez les autres genres de Tselfatiiformes, les deux branches du préoperculaire sont sub-
égales ou bien la branche dorsale se révéle plus longue que la branche ventrale (obs. pers.).

(6) la dilatator fossa est estompée sur la surface du ptérotique et simplement délimitée
vers le haut par un processus osseux. Chez les autres Tselfatiiformes, la dilatator
fossa est étroite et peu profonde mais clairement marquée néanmoins (obs. pers.).

(7) les hémapophyses sont complétement ou particllement soudées aux corps vertébraux
abdominaux. Chez les autres Tselfatiiformes, les hémapophyses de la région abdo-
minales sont autogeénes (obs. pers.). Chez Tselfatia, néanmoins, on observe aussi une
certaine tendance a la fusion des arcs avec les centres vertébraux correspondants
(TAVERNE, sous presse a).

(8) les ptérygophores anaux forment des expansions aliformes qui s’imbriquent les unes
dans les autres. Il n’y a pas d’¢élargissement distal de I’axonoste en plateau comme
chez les autres Tselfatiiformes (obs. pers.).

(9) le cinquieéme hypural est réduit et ne touche pas la petite vertébre terminale urale I et
II. Le cinquieme hypural des autres Tselfatiformes est bien développé et s’articule sur
le dessus de la petite vertébre terminale (obs. pers.).

(10) L’arc neural de la petite verteébre préurale I est soudé a cette derniére. Cet arc est auto-
gene chez les autres Tselfatiiformes (obs. pers.).

(11) Le supratemporal et le posttemporal sont articulés. Ce n’est pas le cas chez les autres
Tselfatiiformes (obs. pers.).
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site is characterised by an extremely high and localised pollution, mainly with arsenic,
cadmium, copper, lead and zinc, caused by emissions and dust from ore-piles, blown up
by wind. In October 1997, we added 10 Blue Tit and 21 Great Tit nestboxes to the 32 Blue
Tit and 28 Great Tit nestboxes that were already present at this site. The reference site, the
campus of the University of Antwerp, was situated about four kilometres east from the pol-
luted site. At the reference site there were 43 Great Tit nestboxes, available since 1995.

We collected eggs from nests that were abandoned (either spontaneously or due to
human disturbance), and non-viable eggs from Great and Blue Tit nests in Hoboken and
the UIA, from April till June 1998. Since BLUs (1982) illustrated that one egg of a nest is
representative for the entire clutch, we collected only one egg of a clutch (but see MORERA
etal., 1997; FURNESS, 1993). We collected nine Great Tit eggs at the polluted site and five
at the reference site. We also collected 12 Blue Tit eggs at the polluted site. The eggs were
stored in the refrigerator until analysis. All eggs were analysed in the same week.

In the laboratory, eggs were opened round the airchamber with a stainless steel dis-
section needle. The content of the egg was transferred to an acid-washed polypropylene,
10 ml vial. The inside and outside of the eggshells were washed vigorously in deionised
water in the laboratory to remove loosely adherent internal and external contamination
(see BURGER, 1994). We assumed that by this procedure most of the aerial contamination
from heavy metals was removed from the outside of the eggshells. The eggshell was then
put in a separate acid-washed polypropylene, 10 ml vial. To determine dry weight, the
samples were, before weighing, put in an oven (60°C) for 24 hours. After we determined
the dry weight, we added a 1:1 mixture of HNO, (70%) and H,O, (30%) to the egg con-
tent and eggshell. We completed the destruction with the microwave procedure described
by BLUST et al. (1988). After microwave destruction the samples were diluted with
deionised water and stored at -20°C until analysis.

We measured cadmium, copper, arsenic, lead and zinc with an axial Inductively
Coupled Plasma — Atomic Emission Spectrophotometer (ICP-AES) (Varian Liberty
series 11). The concentrations are expressed in ppm based on dry weight. All measurements
were performed on the same day. All specimens were analysed in batches, along with cer-
tified reference material of the Community Bureau of Reference (i.e. mussel sample, CRM
278), blanks and a standard calibration curve. Recovered concentrations of the certified
samples were within 10% of the certified values, which is an acceptable margin
(GOCHFELD & BURGER, 1998)

We used SPSS statistical software to perform the statistical analyses. According to the
Kolmogorov-Smirnov goodness-of-fit test all data sets had normal distributions. We used
student’s t-tests to compare metal levels among sites and species, and paired t-tests to com-
pare metal levels between the egg content and eggshell.

RESULTS

Intersite comparison

The metal levels in the egg content of Great Tits differed significantly between the polluted
and reference site only for lead. The lead concentration in the egg content in Hoboken was
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more than 15 times higher than levels found at the campus. For all other metals considered, we
could not find any significant differences (Table 1). However, we should emphasise that there
was a considerable difference in the mean concentrations of arsenic and cadmium between the
two sites, being respectively two and 16 times higher at the polluted site in Hoboken.

TABLE 1

Mean concentrations of heavy metals (+ SE) in the egg content and eggshell from Great and Blue Tits
in the polluted (Hoboken) and reference (campus of the University of Antwerp) sites. Concentrations
are expressed in ppm (ug g-1). Parametric student’s t-tests were used to test for significant differ-
ences (P < 0.05) in Great Tits between sites, and in Hoboken between species. P-values are given in
brackets.

Arsenic Cadmium Lead Copper Zinc
INTERSITE COMPARISON
Egg content
UIA 0.22+0.14  0.05+0.01 0.13+0.05 4.8+0.8 69 +13
Hoboken 0.45+0.25 0.8+0.6 20+04 55+0.7 62+3
t-test NS NS 4.95 (0.001) NS NS
Eggshell
UIA 1.2+0.6 0.08+0.02 037=+0.16 1.72 +£0.23 19+6
Hoboken 42+0.8 0.31+£0.08 15+ 4 32+05 28+5
t-test 2.6 (0.03) 2.9 (0.02) 3.6 (0.007) NS NS

INTERSPECIFIC COMPARISON

Egg content

Blue Tit 033+0.13 0.17+0.14 22+0.6 54+0.7 60 + 8

Great Tit 0.45 +0.25 0.8+0.6 20+04 55+0.7 62 +3

t-test NS NS NS NS NS
Eggshell

Blue Tit 3.7£1.2 0.15+0.02 74+1.1 28+1.1 32+38

Great Tit 42+0.8 0.31+0.08 15+ 4 32+0.5 28+5

t-test NS NS NS NS NS

When comparing metal levels in eggshells of Great Tits between the two sites, we found
significantly higher concentrations of arsenic, cadmium and lead at the polluted site. Lead
levels in Hoboken were 40 times higher than at the reference site. Arsenic and cadmium levels
at the polluted site were almost four times higher than at the reference site. The essential ele-
ments, zinc and copper, did not differ significantly between the two sites (Table 1) but the mean
concentrations were respectively 50 and almost 100% higher at the polluted site in Hoboken.

Comparison between eggshell and egg content

At the reference site we found a significantly higher concentration of zinc and copper
in the egg content than in the eggshell of Great Tits. The other elements were higher in the
eggshell but not significantly so (Fig. 1). At the polluted site we also found a significantly
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higher concentration of zinc and copper in the egg content, but the eggshell also contained
a significantly higher arsenic and lead concentration (Fig. 2).

We also compared metal levels in the egg content and the eggshell of Blue Tits from
Hoboken. Arsenic and lead concentrations were significantly higher in the eggshell. The
egg content had a significantly higher copper concentration, while for zinc a similar trend
was observed (Fig. 3).
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Fig. 1. — The mean concentration (+ SE) of heavy metals in the egg content (open bars)
and eggshell (striped bars) of Great Tits from the reference site. An asterisk denotes a
significant difference between the egg content and the eggshell (P < 0.05) in a paired
t-test. The concentration axis has a logarithmic scale.
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Fig. 2. — The mean concentration (+ SE) of heavy metals in the egg content (open bars)
and eggshell (striped bars) of Great Tits from the polluted site. An asterisk denotes a
significant difference between the egg content and the eggshell (P < 0.05) in a paired
t-test. The concentration axis has a logarithmic scale.
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Fig. 3. — The mean concentration (+ SE) of heavy metals in the egg content (open bars)
and eggshell (striped bars) of Blue Tits from the polluted site. An asterisk denotes a
significant difference between the egg content and the eggshell (P < 0.05) in a paired
t-test. The concentration axis has a logarithmic scale.

Interspecific comparison

At the polluted site where both Great and Blue Tit eggs were collected, we found no
significant differences between the two species in metal levels, neither in the eggshell nor
in the egg content (Table 1). The mean concentrations in both species were generally simi-
lar, except for cadmium (both eggshell and egg content) and for lead (eggshell only). For
these metals, concentrations were higher in Blue Tits than in Great Tits.

DISCUSSION

Our study showed marked differences in metal levels in eggshells and egg contents
between the polluted and the reference site. Although some studies have failed to detect
elevated levels of trace metals in experimentally dosed birds (PATTEE, 1984), our study
clearly showed that Great and Blue Tits do sequester heavy metals in their eggs. Especially
for lead levels, there were enormous differences between the two sites. We anticipated that
lead levels would differ the most because the area round the metallurgic factory is known
for its extreme lead pollution (EYLENBOSCH et al., 1984). However, it is still remarkable
that the differences were so extreme between the study sites, which are only four kilome-
tres apart. Most studies that have used eggs as a bioindicator, measured organochlorines
and mercury because they cause eggshell thinning (KOSTER et al., 1993 ; OHLENDORF &
HARRISON, 1986). Only a few studies have examined other heavy metals (mostly lead and
cadmium) in eggs (GOCHFELD & BURGER, 1998), and even less have studied the eggshell
and egg content separately (BURGER, 1993 ; MORERA ef al., 1997; NYHOLM, 1998 ; REID &
HACKER, 1982). The levels of lead, cadmium and zinc found at the polluted site in our
study are among the highest reported in the literature. Most previous studies have used
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marine or piscivorous birds as indicator species (OHLENDORF & HARRISON, 1986; FAsOLA
et al., 1998). We found only one study that examined metal levels in eggs from Great and
Blue Tits. KoTH (1983) measured zinc and lead levels in whole eggs of Great and Blue Tits
in urban areas. For both species, levels at the polluted site in our study were markedly
higher than those detected in KOTH’s study.

The separate analyses of the egg content and eggshell showed a marked difference in
the accumulation of heavy metals in both samples. Moreover, our results suggested that
there was also a discrepancy between essential and non-essential elements. In both the
eggshell and the egg content, mean metal levels were higher at the polluted site, but the dif-
ferences between the two study sites were greater in the eggshell, which resulted in signif-
icantly higher concentrations not only of lead but also of cadmium and arsenic. The mean
lead, cadmium and arsenic levels were also higher in the eggshell than in the egg content.
The eggshell is mainly composed of calcium, and SCHEUHAMMER (1987) found that trace
metals such as cadmium and lead may interact with the metabolic pathway of calcium.
Consequently, they may be incorporated more easily in the eggshell. The mean zinc and
copper concentrations were, contrary to the non-essential elements, higher in the egg con-
tent. This was predictable, because zinc and copper are embedded in the quaternary struc-
ture of some proteins, and the egg content has a higher protein concentration than the
eggshell. For the considered essential elements, zinc and copper, there were marked diffe-
rences in the metal levels in the eggshell between the polluted and the reference site. In the
egg content however, they did not differ markedly between the two sites, indicating that
zinc and copper concentrations are homeostatically controlled in the egg content.

We did not find any significant differences in metal levels between the Great and Blue
Tit eggs, although the mean concentrations of cadmium (both in the eggshell and in the
egg content) and lead (only in the eggshell) were higher in Blue Tits. At the polluted site,
we have found significantly higher concentrations of lead in the outer tail feathers of Blue
Tits compared with Great Tits. In general, all heavy metals were higher in the feathers of
Blue Tits (unpublished data). BURGER & GOCHFELD (1991) showed that metal levels in
females were correlated with metal levels in their eggs, so we anticipated that there would
be interspecific differences. However, the differences between the two species in metal
levels in the outer tail feathers were not reflected in the metal levels in the eggs. Since this
might be due to the small sample size in the present study, further research is necessary in
this respect.

In conclusion, our data suggest that eggshells from Great and Blue Tits are suitable as
bioindicators. Both essential and non-essential elements are accumulated in the eggshell.
Although the egg content is less suitable as a bioindicator, because zinc and copper levels
appear to be homeostatically controlled, the higher levels of non-essential elements found
in our study indicate the extent to which a developing embryo may be exposed. Quite
clearly, the elevated exposure of Great and Blue Tit females to lead at the polluted site
caused increased amounts of lead in their eggs. Further work is, therefore, necessary to
examine whether embryos or nestlings at the polluted site show an increased mortality
rate. Finally, we must emphasise that our sample size was very limited, and that further
research on the accumulation of heavy metals in the eggs of Great and Blue Tits is, there-
fore, necessary.
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