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Organochlorine Pesticide and PCB Residues in
Wild Bird Eggs from the South-West of Spain
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The major low-level pollutant threats to wild birds
resources that have been clearly demonstrated are the per-
sistent pesticides, polychlorinated biphenyls (PCB's) and
some heavy metals. It is well known that chlorinated hy-
drocarbons are implicated in the environment deterioration
because of their incidence on the energetic flux of the
ecosystems.

In a previous paper (BALUJA and HERNANDEZ, in
press) results were reported on levels of organochlorine
residues in muscle, liver, kidney, brain, and gonad in
species of purple heron (Ardea purpurea) and spoon duck
(Anas clypeata) collected in the Biological Reserve of Dofiana
(South-West of Spain). The purpose of this paper is to give
new data on the levels of organochlorine pesticides and PCB
residues in eggs of birds from the South-West of Spain,
mainly the natural Reserve of Doflana, with the aim of
finding if there exists some class of incidence of the organo-
chlorine residues on the life of wildbirds living in that area
whose populations appear to be declining lately.

MATERIALS AND METHODS

Eggs of fourteen different species were collected dur-
ing the nesting season between 1972 and 1976, A total of
52 eggs were chosen at random, classified according to the
distribution shown in Table !, and analyzed individually for
residues of organochlorine pesticides and PCB's after each
collecting season.

All eggs were frozen after collection until preanaly-
tical treatment was performed. This treatment basicaly con-
sists in the homogenization of each egg content, extraction
of homogenates, and clean-up according to the methods
provided by ONLEY and MILLS (1962) and REYNOLDS (1969).
All extracts were eluted through an activated florisil column
to separate pesticides and PCB's in two fractions, and
analysis were conducted by gas-liquid chromatography using
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an electron affinity detector following methods already
described in previous papers (BALUJA et al., 1970, 1972).

TABLE I

Sites and bird species from which eggs were collected

Sites Year Eggs and species
Biological 1972 1 Ardea purpurea (Purple heron);
Reserve of 1 Fulica atra (Coot); 3 Avythya
Dofiana ferina (Pochard)
1973 4 Aythya ferina; 5 Aquila heliaca

(Imperial eagle); 3 Anas clypeata
(Spoon duck); 1 Recurvirrostra
avoseta (Avocet); 2 Podiceps
sp.; 7 Sterna sp. (Commun
tern); 5 Glareola pratincola
(Pratincole); 8 Sterna albifrons
(Litle tern)

1974 1 Aquila heliaca
1975 1 Falco subbuteo (Lanner)
1976 4 Milvus migrans (Black kite);
2 Aquila heliaca
Province of 1975 1 Hieraetus pennatus (Booted
Salamanca eagle); 1 Otis tarda (Bustard)
Province of 1976 2 Aquila heliaca
Caceres

Extracts were analyzed for « -and V-HCH, heptachlor,
heptachlor-epoxide, aldrin, dieldrin, endrin, op-DDT, pp'~
DDE, pp'-TDE, pp'-DDT and PCB's; PCB's were quantified
using a standard of Aroclor 1260 whose peak pattern most
closely resembled the pattern in the analytical sample.
Average percentage recoveries ranged from 90 to 110 but
residue data in the tables were not adjusted on the basis
of these recoveries. Two columns were used whose operat-
ing parameters are given in Table 2.

Some residue identifications were confirmed by me-
thods of chemical derivatization.

RESULTS AND DISCUSSION

The mean residue levels and ranges of organochlori-
ne pesticides and PCB's are summarized in Tables 3 and 4
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expressed in parts per million by weight of wet sample. The
first observation of values permit the assumption that both
classes of residue levels varied greatly among and within
species but all exceeded trace values in most eggs, except
that cyclodienic residues were not detected in eggs of
pochard collected in the consecutive seasons of 1972-1973.

TABLE II

Columns and operating conditions

Glass columns, 1.20 m length, 4 mm O.D.

A B
Support and Chromosorb W HP/ Chromosorb W HP/
mesh size 80-100 80-100
Liquid phase 5% DC-200/7.5% 2% Oronite polybutene
QF-1 128/1.95% QF-1

Gas flow rate 40 ml/min. 55 ml/min,
N

2
Column temp. 1900 C 1702 C
Detector temp. 2102 C 1902 C
Sensitivity 0.00! ppm dieldrin 0.001 ppm dieldrin

Aldrin, dieldrin, op-DDT, heptachlor, and heptachlor-
epoxide were detected as trace amounts in most eggs collect-
ed in 1972 and 1973, but heptachlor-epoxide and dieldrin
occurred more frequently in eggs collected in 1975 and 1976
at levels ranged from 0.001 ppm to 0.426 ppm; the highest
levels were found in eagle eggs. DDE, TDE, and DDT were
always easily detected in all eggs. DDE ranged from 0.100
ppm to 9.202 ppm and total DDT-group ranged from 0.157
ppm to 9.917 ppm; the highest levels were found in black
kite and imperial eagle eggs sampled in 1976. Higher PCB
residues were found in imperial eagle eggs with a range
between 0.599 ppm and 7.742 ppm, but the highest PCB
level (9.071 ppm) was found in one egg of litle tern collected
in 1973, and the lowest levels were found in Podiceps eggs,
with a range of 0.133-0.138 ppm. From the comparison of
the ppm ranges is noteworthy in that the residue levels
appear superimposable from phitophagous to predatory
species.

Since most eggs were collected in the Biological Re-
serve of Dofiana, which provides a halting place and winter
habitat for migratory birds, and since there are no pesticides
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for pest control in the Reserve area the pollutants appear

to be all imported through water and/or airborne and
through migration processes. Pesticides and other pollutants
could enter the Reserve either by aerial transport or
drainage water since the water systhem of the area forms

a more or less closed circuit with the Guadalquivir river.
This river is also polluted by low levels of similar residues
found in the eggs (HERNANDEZ, GONZALEZ, and BALUJA,
1976). Pesticides are also applied by aerial spraying on rice
and olive-planting areas not too far from the Reserve.

According to data summarized in Tables 3 and 4 it
appears that residue concentrations decrease in the order
PCB > DDT (total) » hexachlorocyclohexanes » cyclodienes.

The mean levels of each of the residues found are consistent
with the trophic position of the avian species from which
eggs were sampled. Accordingly the eggs of raptorial species
show the highest residue levels (Fig. 1) followed by other
medium predators localized in the middle of the food chain.
The phitophagous species show the lowest residue levels as
it corresponds to the lower links of the chain.

IMPERIAL EAGLE
BOOTED EAGLE

BLACK KITE
LANNER

ESTISTSUSCTTTTRIRTIROSweey LITLE TERN
SSSISSIISIUTIINSTS PURPLE HERON
FSSSSSISSIY) PRATINCOLE ——lppm
PODICEPS sp.
~<xx COMMUN TERN B HIG PREDATORS
=<1 AVOCET

LOW
- BUSTARD PREDATORS
—— SPOON DUCK AGOUS
1 CO0T

Figure 1. Distribution of mean levels of total organochlorine

residues detected in the eggs analyzed.

That the bird population in the area is showing
symptoms of decline is presumable because the pollutants
found are toxic to the embryo or hatched young, but their
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effects on toxicity may not be strictly additive with regard
to the quantitative effect induced by a given unit of a
chemical. According to FABER and HICKEY (1973), DDE,
dieldrin and PCB's are greatly related to eggshell thinning
in many species but DDT, TDE, and HCH are not significant
factors. However BLUS et al. (1972, 1974) consider that

the experimental evidence regarding the ability of PCB's to
thin eggshells is conflicting in wild birds although they may
be involved in the lowered reproduction success. Nevertheless
it is noteworthy that HOORN et al (1973) has measured the
eggshell index of eggs collected in Dofiana in the spring of
1972 and on comparing with spanish eggs available from
Dutch collections they suggest that thinning of the eggshell
may have occurred in most species, and since a decline in
thickness has been found to coincide with a drop in
reproductive success in some of the species studied {duck,
peregrine falcon) the same may be true for other species
living in the area of the Reserve.

In a previous study (BALUJA and HERNANDEZ, in
press) was found that bioconcentration of organochlorine
residues in tissues of purple heron living in the Dofiana
Reserve have increased 20-fold during the course of the
27 months elapsed between the first and the latest collection
carried out in 1974. In the present study there was also
found to be a general increase in the total amounts of organo-
chlorine residues in eggs during the period 1972-1976. Thus
for a typical phitophagous bird like pochard the eggs showed
an annual increase of 1.30 but the eggs of a predator like
the imperial eagle have an increase of 1.59 for the period
1973-1974 and 1.22 beween 1974 and 1976; this decrease is
attributed to pesticide residues because PCB levels had
increased during this period. It is also noteworthy that the
eggs of the imperial eagle from the Reserve of Dofiana
contain lower concentrations of residues than those of the
same species collected in the Province of Caceres which
appears attributable to pestide application in this area.
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